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Cisco      

Hoist,    New    Model 37,3 

Hoists.  Automatic  Safety  Brake  for.....  lii 
Hoop  Reinforcing,  Spacing  Diagram  for  133 
Hopkins  County.   Kentucky,  Road  Main- 

tenance     302 

Horizontal    Distances    Securing 1»S 

Horse    for    Street    Cleaning    Work 389 

Hospital   Buildings,   Costs  of 82 

House  Connections    132 

House    Numbering    System   for   Country 

Roads     386 

HvdrauHc    Excavation    at    Cleveland 69 

Hydraulic  Sluicing  for  Securing  Sand...  332 
Hydraulic  and  Dipper  Dredge.  Combina- 

tion     349 

Hydrated  Lime  in  Concrete  Building. . .  73 
Hvdrated    Lime    in    Concrete   Pavements  111 

Hvdraulicking,   Cost   Data,  on 340 

Hydroelectric   Plants,    Winnipeg   River..   41l 


I-Beara   Bridges.   Adams   County,   Ind 462 

I-Beam    Highway    Bridges,    Costs   of 182 

I-Beams.  Web  Strength  Tests 83 

Ice    in    Water    Mains 47 

Illinois,     Brick    Roads 110 

Illinois   Central   Terminal.    Chicago 555 

Illinois    License   Law,    .Structural     Engi- 
neers       360 

Illinois,   Oiling  Earth   Roads   in 112 

Illinois.     Road    Signs 388 

Imhoff   Tank: 

EfUciencv   Test   of 232 

Operation,     Atlanta,    Ga o23 

Steel  Wall      Forms  for ,     31 

Inclined    Mine    Shaft,    Sinking 261 

Indianapolis    and    Frankfort    Railroad 258 

Industrial  Buildings.  Mastic  Flooring  for  2S0 
Industrial  Railway  in  Road  Construction  101 
Infiltration,  Effect  of  House  Connections 

on     132 

Inspection  on  River  and  Harbor  Work..  550 

Instrument    Racks     478 

Intercepting     Device     for     High     Level 

Sewer    324 

Intercepting    Sewer,    Evanston 227 

Intersections,     Street,      Concrete     Apron 

tor     301 

Inventing   an   Inventor 464 

Inverted   Syphon  in  Suction   Main 415 

Irregular    Subdivision    Surveys 4S2 

Irrigation : 

-Advantages    of    Large    Wells    for 525 

Canals.    Reducing   Seepage   Losses 522 

City     Water     for 121,225 

Cost   of  Earth   Work   on 266 

Cost  of   Structures 126 

Of    Gardens     125,  312 

Machine   for  Mowing  Canal   Banks....   134 

Overhead    System     512 

Pumping     399.  511 

Pumping    Water    for 34,62 

Pumping  Water  from  Wells 124 

Silting    in    Reservoir 249 

Small    Tracts     519 

Snow     Surveys     for 189 

Instrument  Tables  for  Tunnel  Surveys. .  189 
Iron  Removal  from  Water 247 


J 

Jefferson    Highway    Road    Signs 310 

Joint   Tests.    Cast   Iron    Pipe 40 

Joints,    Closure    Steel    Sheeting 288 

Joints.   Pipe,   Leakage   from olo 

Joints,   Riveted  Partition   of  Load 068 


Kentucky,    Highway    Construction    in lOa 

Kentucky,    Road    and    Bridge    Construe- 

tion     294 

Kutter's  Formula,   Roughness  Coefficient  229 
Kutter's   N   for   Drainage   Ditches 225 

L 

Labor,     Scarcity    of    in     Highway    Con- 
struction       100 

Lake    County,    Ind.,    Asphalt    Macadam.     11 
Laying    Concrete    in    Freezing    Weather.   4o4 

Lead    Caulking,    Removing 232 

Lead  Caulked  Pipe  Joints,   Tests 628 

Leakage    from    Pipe    Joints 315,520 

Ledges,    Blasting    264 

Levee:  ,,- 

Determining   Shrinkage   in 3oi 

Dragline    Excavators    lor 162 

Leveling,     Precise     193 

Licensing     Structural     Engineers 3i8 

Life  of  Cast   Iron  Water  Pipe 245 

Lift    Bridge    at    Pine    Bluff,    Ark 2(6 

Light    Locomotives     25b 

Light   Locomotive,    New   Type 434 

Lighterage,      Cost     of     Across      Hudson 

River     '"l 

Lime   as  Aid   to   Alum  as   Coagulant al9 

Lime,    Hydrated     • •■•   ,';' 

Lime,   Hvdrated  in  Concrete  Pavement..   Ill 

Limestone   Streams  in  Drought 41U 

Local      Engineering     Societies.      Affilia- 

tion    of     148 

Locating    Snow    Shed    Fires 194 

Locomotives,    Light    • fjb 

Log  Truss  Bridge,   Special  Design  of 4o0 

Loose    Leaf   Notebooks ••••', Ic- 

Low  Joints,   Eliminating  in  Track ...   2b. 

Lumber,   Device   for   Rapid  Loading  of..  3i3 


M 

Macadam:  ,, 

Asphaltic,    Lake    County,    Ind 11 

Asphaltic     303 

Asphaltic  Oil  Treatments Ill 

Bituminous    for    • l"l 

Bituminous    Surface    Treatment 503 

Design    of    Phillipines 22U 

Pavement   Base    4SS 

Treating   with    Asphaltic    Oils 4 

Machinery   Floors    448 

Maine,    Convict   Labor   in »o< 

Maintenance: 

Costs.    Automobiles    43b 

Earth     Roads     ••••   302 

Gravel    Roads     385,  504 

Location   of   Roads  with   Reference 289 

Small   Hand   Oiler  for 497 

State    Highway    in   Maine 49o 

Marketing    Engineering    Abihty. ........  5bi 

Maryland    Roads    Commission,    Methods 

for    Preventing   Erosion 217 

Masonry,    Stone,    Erection    Methods 3oi 

Massachusetts   Highway,   Mottor   Trucks 

on     351 

Massachusetts,     Sand    Oil    Roads........   382 

Massachusetts,      State      Highway      Con- 
struction       :,:-jJ „„I 

Massachusetts  State  Highway,  Traffic  on  398 

Mastic    Flooring     280 

Mat    System    of    Centering 284 

Material    Yards    for    Railroad    Construe- 

tion      33o 

Material    Tests,    Recording 46o 

Mavfair    Pumping    Station,    Costs 3b4 

Measuring  Device   for  Cement ;.      iS 

Mechanical   Filter  Plant  with   Automatic 

Equipment       : -46 

Mechanical  Filters,  False  Bottoms  in 239 

Meter   Installation.    Wilmington.   Del 313 

Meter  Maintenance   at  Chicago 420 

Meter.    Weir    ■.■i;\----^i-  '^ 

Metropolitan      Water      District,      Water 

Consumption     41 1 

Military    Preparedness    ■■■■■ 148 

Milk  of  Lime,   Cure  for  Lead  Water 232 

Mill    Building    Construction 9o 

Mill  Creek  Improvement,   Erie,   Pa 536 

Mill    Floors,    Wood    Block ISO 

Milwaukee.      .\ctivated      Sludge     Treat- 

ment      40; 

Mine    Cars.    Roller    Bearings    for a-J 

Mine   Haulage   by  Horses 433 

Mine   Hauling   Compressed    Air 433 

M'ine    Shafts.    Sinking :■  ■ ' r  ikii  ,?} 

Minnesota,  Highway  Construction  in  1916  Wa 
Minnesota,   State   Rural    Highway    Con- 

struction     • —3 

Mississippi   River   Commission,    Subaque- 

Ous    Concrete    Revetment 5.5 1 

Mixer,     Grout     ■. 224 

Model   Street    Cleaning  District 207 

Molten    Slag  Chimney    Foundation liO 

Moment  in     Side  Walls  of  Culverts 182 

Monolithic  Brick  Pavement,   Templet 119 

More    Power    Machines    in    Construction       ^ 

Work     ,_- 

Monuments.  U.  S.  Coast  Sun-ey 4i9 

Morris.   Minn.    (City  Manager) 475 

Mortar  Bed  for   Brick   Roads JiO 

Mortar    Coat.    Abrasion    of 208 

Mortar    Coat,     Scaling    of -09 

Motor  Car  Road   Funds  from '15 

Motor  Driven  Manhole  Pumps j33 

Motor,    Street    Sweeping 218 

Motor   Trucks: 
Appliances   and   Devices    for 338 


Conveying    Concrete    in 

Cost    of    Operation 

Economic  Trucking   

Earth   Excavation   with 

Equipped  for  Operating  on  Ralls... 

Extension  Wheel  Rims  lor 

For    Contractors    

For    Mine    Haulage 

Haulage    in    Road   Work 

Hauling  Industrial  Railway  Cars 

Hauling  Lumber    • 

Hauling    Ore    ■ 

Hauling    Structural    Steel. 

Improved    Engine    Mounting 

Leasing     

Massachusetts    Highway    

Moving  Steam   Shovel 

On  Construction  Work 

On   Railways    

Pavement   Construction    

Platform  for  Unloading 

Primary   Triangulation   with 

Resistance   Tests   with 

Road    Maintenance    with 

Salvaging   Rails    with 

Separate   Roadways  for 

Size    ot    Tires 

Special    Rims    lor 

Speed    and    Size 

Temporary  Railways    

Traffic  on  New  York  Highways 

Trenching     

Water   Main    Testing .:.•  ■  •  ■  u;  V," ' ' 

Mud-Ladened  Water  in  Drilling  Wells.. 
Municipal  Waterworks  in  Massachusetts 
Muskogee  Settling  Basin 

N 

NaUonal  Forests,  Road  Construction  in.  299 
National  Pavement  at  Pittsburg,  Kan.  104 
National    Society    of     Structural     Engi- 

TlCCrS  oOOi    ODD 

Naumkeag  Steam' Cotton  Co.,  Plant  of . .  275 
New  York  Standard  Vertical   Staff  Gage  32d 

Neponset    River    Improvement...^ 140 

New   York   Highways.   Motor   Traffic 49 1 

New    York    Road    Maintenance    Cost 381 

New   Y'ork    State    Road    Costs 219 

Night   Work   and   Labor   Cost.... 421 

Norwood,    Mass.    (City   Manager) 475 

Notebooks,    Loose    Leaf. ,■  ■■^r-    ■■:'  i%t 

Numbering  County  Roads  and  Houses..  38b 


S2 
343 
543 

6 
342 
213 
331 
160 

12 
101 
373 
555 

8 
103 
428 
381 
146 

14 

50 
104 
460 
464 
203 
213 
342 
377 

54 
351 
392 
422 
497 
544 

36 

54 
236 
320 


Office    Building.    Floors    for =83 

Office   Record   System 4bb 

Ohio,    Sewage   Treatment  Plants 41^ 

Oil    Wells,     Drilling 

Oiler,    Small   Hand,    Maintenance 

Oiling   Asphaltic   at   Milwaukee 

Oiling    Cinder    Roads 

Oiling    Earth    Roads /',;■••■■•: 

Olean.  N.  Y.,  Flood  Abatement  Project 

Overflow    Bridges    ,•■•:.• .,.> 

Overhead   Charges  in  Valuation....^.-.   4.i- 
Oxy-Acetylene   Torch   for   Welding   Well 
Casing     


61 
497 
4 
105 
112 
347 
176 


234 


Panama   Canal: 

Prevention   of   Slides 

Two  Years  of  Operation   of 

Pantograph,    Use    of 

Park    Construction.    Chicago 

Partition  of  Load   in  Riveted  Joints. 

Patrol    Maintenance    in    Maine 

Patrol   System,   Clayton  County,   la 

Pavements: 

Asphalt.    Concrete    Base   for 

Belgian   Block  34  Years  Old 

Belgian   Block,   Resurfacing.. 

Bitulithic,  Pierce  County,  Wash.,   Cost 
of     

Brick.   Cuyahoga  County,   O 

Brick,   Double  Course 

Brick,    Grouting 

Brick,    Tests    ■•••„■„■  V>V>r' 

Comparative    Cost   of (,    99,    205, 

Crowns   Concave    

Cuts,   Concrete   Base  in 

Cuts    Repairing     

Dapnaged  by  Motor  Trucks ■  • . . 

Granite     Block     108, 

Granite    Block,    FUler    for 

National  at  Pittsburg,  Kan 

Recommended   for  Boston 

Removing  with   Steam   Shovel 

Rock   Asphalt    

Sections,    Portland,    Ore 

Split    Granite    Block 

Types.    New    York    City ' 

Periodical    Record    Board 

Periodicals,   Filing   

Photoprints,    New    Fabric    for 

Pier   Shed,   Cargo  Hoist  Beam   for 

Piers: 

Caisson   for    

Concrete    Forms    for 

Concreting     

Pile    Driver,    Revolving 

Pile    Driving    ■ •/•■•; 

Pile    Driving   Attachment.    Steam    Shovel 

Pile    Foundations,   Economic   Design 

Pile  Line      Wood   Stave 

Piles,    Sheet    Treating 

Piles,   Water   Jet   lor 

Piling,    Lackawanna    

Pipe: 

Cast    Iron    Joint    Tests 

Foundry   Rejections   of 

Graphical   Representation  of  Capacity. 

Joints,    Leakage 40,    31o, 

Joints,   Tests   of  Lead   Caulked 

Joints.  Wedge   Filler  for 

Laying  Appliance    


529 
413 

68 
549 
568 
495 

19 

18 
101 
US 

223 
487 
296 
502 
8 
490 
99 
397 
299 
392 
377 

104 
211 
212 
211 
108 
108 
292 
486 
486 
193 
79 

569 
.   83 


428 

76 

553 

285 

28 

82 

548 

173 

40 
228 
415 
520 
528 
228 
420 


VI 


ENGINEERING 
AND      CONTRACTING 


Removing  Submerged 144 

Water   Service    328 

Pitometcr    Survey    533 

Piute  Irrigation  Project,  Cost  Keeping..  57 

PUmk    Road.    Movable 289 

Plant,   Cdiiiii'te  for  Bridge  Work 405 

J'lant,    Naumlieag   Steam    Cotton    Co 275 

Plate   Girders,    Web   Strength   Tests 83 

Platforms    for   Unloading   Trucks 460 

Pneumatic   Concrete   Mixing   Machine. . .  287 

Pneumatic    Scarifier    100 

Pole    Holes.    Digging   with   Dynamite....  6C 

l*ortable     Mixers     374 

Portable  Washing  Plant  for  Gravel 15 

Portland   Bridge,   Caisson   for 569 

Post    Road    Construction 107 

Powdered   Coal,    Burning 168 

Power    Development     of     United     States 

Reclamation    Projects    139 

Power  Driven    Street    Sweepers 216 

Power   Equipment   for   Barge   Canal 241 

Power    Machines:    Field    for 2 

Precise    Ijcveling,    Devices    for 193 

Pre-Moulded    Concrete    Piles,    Costs 80 

Preparedness    of    Public    Service 257 

Pressure    Filters     32 

Primary      Triangulation        with      Motor 

Trucks     464 

Priming    of    Charges 547 

Printing    from    Carbon    Sheets 469 

Public    Service    and    Preparedness 257 

Public  Service  Terminal,   Excavation  for  6 

Public     Speaking 556 

Pumping   for   Irrigation 34,    62,    399,  511 

Pumping    Plants: 

Flexible     Floating 414 

Underground,    Cost    of 521 

Pumping  Water  from  Wells 124 

Pumps: 

Centrifugal    Improved 235 

Efficiency     Tests 137 

Gas    Engine    Driven 33 

Motor     Driven,     Maniiole 233 

Self    Priming    Rotary 538 

Purification   of   Swimming  Pool 135 

Purification  Plant,   St.   Louis,  Mo 318 

Purification    Plant,     Wilmington 322 


Quaking,   Mushy  and   Fluid   Concrete....   100 

Quebec    Bridge    Disaster 269,    354,356 

Quebec    Bridge,    Erection    of    Suspended 

Span     276 

Quarries,    Strain    Breaks   in 70 

Quarrying,   Well  Drilling  for 155 


R 

Railways: 

Automobilizing     50 

Railways,     Electrification    of 540 

Rail   Haulage  at  Hetch  Hetchy 423 

Rail    Joint,    New    Type 437 

Railroad   Construction,   Material   Yards 

tor     335 

Rails,    Salvaging   with    Motor   Trucks..   342 

Rails,     Varying    Level    of 352 

Railway    Building    Revival 541 

Railway  Crossings,   Location  of  Roads 

at      98 

Railway    Crossings,    Bumps    at 103 

Transportation    Costs    and    Rates 145 

Railways    and    Rate    Cases 539 

Rapid    Sand    Filter    Plants,    Costs 409 

Rapid     Sand     Filter     Plants,     Operating 

Costs     313 

Rate    Cases    and    Railways 539 

Rates,     Railway 145 

Reading  Habits  of  Engineering  Students  251 
Recorder    for    Excavating    Machinery....  552 

Red   Water,   Milk  of   Lime,    Cure   for 232 

Refining  Water   225 

Refuse  Collection   by  Electric   Vehicles..   308 

Refuse    Collection    Wagon 396 

Reinforced   Concrete: 

Building      Construction 95 

Commercial  Designer,   Builder  of 75 

Design,     Recommended     Specifications 

for      570 

Formwork    Tables 460 

Reservoirs,     Design 418 

Slabs,    Effective    Width    of &7 

Stand  Pipe  Spacing,  Diagram  for  Hoop 

Reinforcing     133 

Structures,    Effects   from    Use   of    Salt 

Water     443 

Warehouse     57S 

Reinforcement        Bars,         Strength        of 

Clamped    Splices    in 271,    355,  442 

Report    Form   for   Steam   Shovel 265,  34S 

Repressed  Paving  Brick,   Tests  of S 

Reproducing  Engineering  Drawings....  195 
Reservoirs: 

Circular    Reinforced    Concrete 32 

Concrete    with    Cement    Gun 533 

Reinforced     Concrete,     Lansing 418 

Retaining   Walls,    Steel    Traveler    for 170 

Revetment,     Subaqueous     Concrete 557 

Revolving    Pile     Driver 428 

Rims,    Special    for    Motor    Trucks 351 

River      Banks,       Subaqueous      Concrete 

Revetment    for    557 

River     and     Harbor     Work.     Inspection 

Methods     550 

Riveted    Joints,    Partition    of    Load 56S 

Road    and    Bridge: 

Cost     Records 469 

Expenditures   in    U.    S 309 

Road    and    Street    Monthly 1 

Road    Grader,     Rotary 103 

Road  Improvement.  Economic  Effect  of  499 
Road  Official,  Accounting  System  for...  480 
Roads: 

American    Standard    291 

Arkansas     103 


Asphalt,     Concrete    Base 18 

Asphalt  Macadam,  Lake  County,  Ind.  11 
Asphaltic  Macadam,  Waynesboro,  Pa.  303 
Asphalllc  Oil  and  Sand,   Massachusetts  382 

Bituminous    Material,     Tests 24,  3S4 

HituminouB,    (Patching 

Bituminous     Surfaced     Concrete,     Cali- 
fornia        214 

Bituminous    Surface    Concrete,    Joints 


in 


495 

502 
110 

107 
105 
110 
384 


Brick       Pavement,       Grouting      Illinois 

Practice      

Brick    Paved     Road,     Illinois 

California,     State    Highway    Construc- 
tion       

Cinder,     Oiling 

Clam     Shell    Road 

Color  Sclieme  for  Highway  Routes.  101, 
Concrete      Aggregates,       Specifications 

for      1 

Concrete,    California   Method   of   Pond- 
ing         296 

Concrete    Closure    of 97 

Concrete,     Consistency     tor 98 

Concrete      Finishing 303 

Concrete,  Finishing  with  Canvas  Belt  382 
Construction  by  Convict  Labor... 505,  507 
Construction     in     Box     Elder     County, 

Utah      292 

Construction,    Kane    County,    111 12 

Construction     in     Kentucky 105 

Construction     in    Minnesota 105 

Construction,    iViotor    Trucks    in 101 

Construction    Murray    County,    Minne- 
sota      1115 

Construction   in    National    Forests 299 

Construction,     Sand     Asphalt 20 

Construction,    Scarcity    of    Labor 100 

Construction,   Tests  of   Concrete   for. . .   102 

Construction,    West    Virginia 3 

Convict      Labor , . . . .     23 

Convict    Labor,    California Ill 

Convict    Labor,    Arizona 505 

Costs,    New    York    State 219 

County  Highways,  for  Western  Wash- 
ington        295 

Drainage,     Road 210 

Drainage,     Subsurface 222 

Earth    Road    Construction 115,  292 

Earth     Road    Maintenance 19 

Earth    Roads,     Oiling 112 

Earth    .,.toads.    Road    Rollers    On 491 

Embankments,     Roads 2 

Erosion    of    Road    Shoulders 217 

Embankment,     Boulder    and    Masonry 

Parapets     '2 

Embankments,      Protecting 385 

Grading     20 

Federal  Aid 97,  203,  305,  375,  491 

Federal  Aid  Apportionments 117 

Funds    from    Motor    Car    Registrations  115 

Grades,     Protection    of 101 

Grading  Road  with  Steam   Shovel 59 

Grading      20 

Grading     Costs 438 

Gravel     98 

Gravel,    Kane    County,    111 12 

Gravel,    Design    in    Philippines 220 

Gravel,  Maintenance   213,  385,  504 

Gravel  and  Clam  Shell  Roads 110 

Hauling    Broken    Stone    for 3 

Locating      289 

Location    of    at    Railway    Crossings...     98 

Longitudinal     Cracks ,  487 

Macadam,  Design  of  in  Philippines. . .  220 
Macadam,    Treatment    with    Asphaltic 

Oils 4 

Maintenance     Cost 376 

Maintenance  Cost,  Bituminous 

Macadam     219 

Maintenance    Cost,     Bituminous     Con- 
crete        219 

Maintenance    Cost,    New    York 381 

Maintenance,    Patrol    System 19 

Materials,      Testing 219 

Mileage    and    Types,     M'iddle    Atlantic 

States     294 

Movable     Plank 289 

Patching,     Bituminous 23 

Pneumatic    Scarifier    for IOC 

Post     Road 107 

Road      Oil,      Chart      for      Determining 

Quantity     299 

Road    Oil,    Thermal   Corrections  for. . . .   508 

Road   Oiling,   Contents  of   Tank 508 

Road    Rollers    on    Earth    Roads 491 

Routes,    Color    Scheme    for 101,388 

Sand    and    Asphaltic    Oil 382 

Sand      Asphalt 20 

Sand    Clay    Constructing 293 

Shoulders,    Erosion    of 217 

Signs     105 

Signs,    Illinois 388 

Signs,    Jefferson    Highway 310 

Slopes,     Erosion     of 217 

Surveys,     Filing 467 

Wear    of    Concrete    Pavement 209 

Stanislaus    County,     Cal 309 

State    Rural,    Minnesota 223 

Storm   King  Highway 433 

Rock    Asphalt    Paving    Mixture 211 

Rock  Asphalt,  Resurfacing  Old  Macadam 

with     492 

Rock   Drilling  with   Gasoline   Air   Drill..  255 

Rock     Dump     Car 431 

Rock  Excavation,  Inlet  Swamp  Drainage 

District     429 

Rock    Ledges,     Blasting 264 

Rock    Paved    Ford    Stream    Crossing 302 

Rock   Work,    Storm   King   Highway 433 

Rocmac,     Cost    of 223 

Rogers    Pass    Tunnel    Excavation 152 

Roof   Construction,   Gypsum   Slabs 580 

Rotary    Road    Grader 103 

Roughness   Coefficient,   Determination   of  229 

Rubbish     Receptacle 395 

Rutting    of    Street   Pavement 304 


S 

Safety    Nets,    Structural    Work 373 

Salt    Water,    Effect   on   Reinforced   Con- 
crete     Structures 443 

San   Jose,   Cal.,    City   Manager 476 

Sand     Asphalt     Road 20 

.Sand    by    Hydraulic    Sluicing 332 

Sand  Cement  Bed   for   Brick   Roads 110 

Sand    Collecting    Device 409 

Sand     Clay    Road     Construction 293 

Sand,     Frost    Action     on 431 

Sand,    Handling   v/ith   Clam   Shell 544 

Sand.    Specifications    for    21 

Sand    Spreader   for    Street    Oiling 295 

Sand   and   Asphaltic   Oil  Roads 382 

.Scarifier,      Pneumatic 106 

Science   of  Management,   Origin 463 

Scientific  Research,   Co-ordination  of...   376 

Scow,     Measuring 551 

Screening    Plant,    gravel 16 

Seattle     Water     Supply 133 

Seepage    Losses,     Reducing 522 

Segment,    Circular   Formula    for 532 

Sewerage: 

Activated    Sludge,    Milwaukee 407 

Concrete      Viaduct 410 

Evanston     Intercepting 227 

Imhoff  Tank,   Test  of 

Explosion,    Gasoline 240 

Disposal   M'ethods  of  16   Cities 534 

Intercepting    Device,    Frankford    Sewer  374 
Settling   Basins,    Scientific   Cleaning  of  320 

Sewage    Disposal     Atlanta,    Ga 523 '^ 

Sewage    Treatment    Plants,    Ohio 412'^ 

Sewer    Cleaning 137 

Sewer,    Intercepting    Device    for 324 

Sewers,    Argyle    St.,    Chicago 37 

Sewers,  Show  Disposal 419 

Sewers,    Backfilling   with    Dragline 60 

Sewers,    Lessening   Flow   in 533 

Sewers,  Trenching  with  Steam  Shovels     51 

Sewer  Surveys,   Cost  of 47 

Sewer  and  Street  Pavement  Base 419 

Sprinkling    Filter 131 

Treatment,    Activated    Sludge 407 

Shaft    Sinking    through    Soft    Material...   259 

Shafts,    Mine    Sinking 261 

Sheathing.    Fireproof   for   Bridge   Frames  586 
Sheet    Piling,    Treating  with    Avenarious 

Carbolineum     82 

Shop   Floors,    Shrinkage  of 284 

Shore,     Adjustable    for    Concrete     Form 

Work    368 

Short    Span,    Reinforced    Arches 93 

Shovel,    Gasoline   Power  Scraper 69 

Sidewalk     Combined     Curb     and     Storm 

Water    Sewer    131 

Sidewalk  Concrete,   Tamper  for 27 

Silting,  Elephant  Butte  Reservoir 249 

Slab   Deflection 584 

Slag,     Oiling 105 

Slag   Roads,    Oiling 105 

Slides,   Panama  Canal 529 

Slow  Sand  Filtration,  Application  of  Co- 
agulant      316 

Sludge,  Removal  from  Settling  Basin ....   320 

Slurry  Elevator,   Reinforced  Concrete 566 

Snow  Disposal  through  Sewers 419 

Snow   Shed   Fires,   Locating 194 

Snow   Surveys   for  Irrigation   System....   189 

Sod  Removal  Tool 212 

Soil    Pressure   Measuring   Device 180 

Spacing  Diagram  for  Hoop   Reinforcing.  133 
Specifications: 

Aggregate  for  Road  Concrete 1 

Brick     Pavement 300 

Bridge    Work,    Illinois    State    Highway 

Department     581 

Recommended  for  Reinforced  Concrete 

Design     570 

Splicing,   Sub-Marine  Electric   Cables....   278 

Stacks,    Steel    Design   of 369,    440,  565 

Stadia    Coefficient   Curve 485 

Standard   Tests  for  Bitununous   Material  384 

Standpipes,    Cleaning  and   Painting 234 

Standpipes,   Reinforced   Concrete 133 

State   Higiiway   Construction   in   Califor- 
nia        107 

State  Highway  Construction,  Massachu- 
setts        397 

State     Highway     Department,     1915     Ex- 
penditures       396 

State  Highway  Maintenance  in  Maine...   495 
State  Rural  Highway  Construction,  Min- 
nesota       223 

Steam   Pipe  Laying,  Cost   of 62 

Steam    Railways,    Automobilizing 149 

Steam   Shovels: 

Erection    545 

Excavation     51,  254 

Moving  with  Motor  Truck. 146 

Pile  Driving  Attachment 553 

Removing    Old    Pavement 212 

Report  Form  for 265,  348 

Road    Grading .- 59 

Trench    Excavation  writh 34S 

Trenching    51 

Steel  Beams,   Concrete  Equivalents  for..  280 

Steel    Bridge,    Cost 573 

Steel    Buildings,    Portable 438 

Steel  Chimney,   400  ft.  high 274 

Steel    Cofferdams    Closing 174 

Steel  Conduit,  Lining  with  Cement  Gun.   237 

Steel  Dredge,  New  Knock  Down 71. 

Steel  Forms  for  Bridge  Piers 90 

Steel   Highway    Bridge,    Details 365 

Steel  Sheet  Piling,  New  Section 173 

Steel   Sheeting.   Closure   Joints   for 288 

Steel   Shoe   Method   in   Shafting 259 

Steel   Stacks.    Design   of 369,    440,  565 

Steel.    Structural    Hauling S 

Steel  Traveler  for  Retaining  Wall 170 

Steel    and    Concrete    Bridges,    Compara- 
tive  Cost  of 572 

Stone  Block  Pavements 204 

Stone  Masonry,    Erection   Methods 357 

Stone,    Specifications   for 21 

Storage,    Filtered    Water 319 
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storehouse,  Reinforced  Concrete 171 

Storm  Water   Sewer 131 

Strain    Breaks    in    Quarries 70 

Stream  Crossing,  Rock  Paved 302 

Stream  Measurements  In  Winter 479 

Street    Blockade,    Metal    212 

Street    Cleaning: 

Philadelphia    608 

St.    Paul.    Minn 391 

,  Savannah,   Ga 397 

Costs    508 

District     Model '. 207 

Power  Driven  Street  Sweepers 216 

Vacuum    Cleaners 504 

Horses     for 389 

Street  Dust,   Composition 104 

Street  Flushing  with  Automobile  Plushes  301 

Street   Flushing  by  Trolley   Flushers 506 

Street  Improvement,  City  Aid  Plan 375 

Street  Intersections,  Concrete  Apron  for.  301 
Street   Intersections,    Grade    Calculations 

for     505 

Street  Lighting  System,  Pocatello,  Idaho  456 

Street    Oiling',    Sand    Spreader    for 295 

Street   Pavement  and   Sewer 419 

Street  Paving  in  New  York  City 292 

Street   Paving.    Preventing   Rutting 304 

Street  Railway  Track,  Excavation  for. . .  56 

Street    Refuse    Can 3S4 

Street  Sprinkling 106 

Street  Sweepers,   Power  Driven 216 

Street  Sweeping  with  Motor  Machine....  21S 

Structural     Engineering 362 

Structural    Engineers: 

Structural    Engineers    74,  167 

American   Society   of   73 

Illinois    Licensing    278 

License    Law,    Illinois 360 

National    Society   of 355 

National   Society   of 565 

Association    270 

Society     165,  168 

Structural   Steel.    Hauling 8 

Structural  Work,    Safety    Nets 373 

Students.    Reading   Habits    of 423 

Stump    Removal 63 

Stumps,     Blasting 150 

Subaqueous  Main,   Freezing  of 37 

Subdivision  Computation 482 

Subdivision     Surveys 482 

Sub-Drainage  of  Wet  Cuts 543 

Sub-Grade  Rolling,   Concrete  M'ixer 213 

Sub-Marine    Electric    Cables,    Splicing. . .  278 
Subsidence    and    Shrinkage    in    Earthen 

Embankment   351 

Subsurface   Drainage   in   Clay  Cut 222 

Subsurface  Drains   for   Roads 210 

Subway,   Electrical   Subway  16  duct 7S 

Subway   System,   Chicago 545 

Suction  Main,   Inverted  Syphon 415 

Survey,    Pitometer 533 

Surveying    and    Drafting    Issue 185 

Surveyors,   Work  of 187 

Surveys: 

Alidale,    Gurley 188 

Backside,    paper 477 

Chart  Cabinet    479 

Drainage,    Filing 467 

Irregular  subdivision    ; 482 

Sewer,    Cost    of '47 

Snow  for  Irrigations   180 

True  Meridian  Field  Book  Sheet 478 

Winnipeg  Aqueduct    484 

Suspended   Span,    Erection   of 276 

Swimming    Pool    Purification 135 

Syphon,   Inverted  in  Suction  Main 415 

T 

Table  for  Bending  Tie  Wires 461 

Tamper    for   Concrete 27 

Tamping  Trenches  with  Motor  Truck 544 

Tanks.    Water,    Cast    Iron 27 

Tapping    6-ft.    Water    Main 44 

Technical    Papers,    Reading 186 

Telford  Strip  for  Preventing  Rutting 304 

Telper  System  for  Excavation  Disposal..  341 

Templet  for  Monolithic   Brick  Pavement  119 

Terminal,  Illinois  Central,  Chicago 555 

Test  of  Imhoff  Tank 232 

Tests,    Bridge   Test 74 

Tests  Friction  Roller  Bearing 55 

Tests    of    Materials,    Recording 464 

Tests,    Tractor   Resistance 559 

Tests.  Twenty  Thousand  on  Concrete....  79 

Thawing  Frozen   Gravel 337 

Thawing   Frozen   Ground 542 

Thawing    Tests   for   Drain    Tile 46 

Thawing  Water  Mains  with  Electricity.  37 

Tie  Wires,   Table   for   Bending 461 

Tile  Drain,  Cost  of 233 

Tile  Drain.  Freezing  Test  for 46 

Timber,    Diagram    for    Estimating 453 

Timber  p^ctory  Building.   Cost 450 

Timber    Trackway    Units     for    Dragline 

Excavating        162,  162 


Tires    for    Motor    Trucks 55 

Tower   Foundations    ; 435 

Track,  Eliminating  Low  Joints  in 267 

Trackway   for  Dragline  Excavator 157 

Traction    Paver    309 

Tractive    Resistance   Tests 203 

Tractor  Grader  Outfit  for  lOarth  Road 292 

Tractor    Resistance   Tests 559 

Tractor  and   Semi-Trailer    Hauling  Out- 
fit      162 

Tractor  Trailer  Outfit  for   Hauling 555 

Traffic   Code,    Columbus,    0 380 

Train    Shed,    Denver   Union    Station 358 

Transit  for  Locating  Snow  Shed  Fires..  194 

Transmission  Line,  Tower  Foundation...  435 

Transplanting   Trees    430 

Transportation    Costs    145 

Traveling  Water   Screen 534 

Trees,   Transplanting   430 

Tremie,  for  Concreting  Small  Piers 86 

Trench   Backfilling   159 

Trench  Backfilling  Machines 145 

Trench  Excavation  with  Steam  Shovel...  348 

Trench  Sheeting  Pulling  with  Backfiller.  158 

Trenches,    Back    Filling 406 

Trenching    with    Motor    Truck 644 

Trenching.    Steam   Saovel 51 

Trifl[ic,    Massachusetts    Highways 398 

Troops,  Water  Supply  for 29 

Trucks;  Motor,  Hauling  Broken  Stone...  3 

Trucks;  Motor,  for  Earth  Excavation. .. .  6 

True  Meridian,   Field  Book  Sheet  for. ...  479 

Tunnel,  Cross-Sectioning  154 

Tunnel.  New  East  River,  New  York  City  72 

Tunnel   Surveys.    Instrument   Table   for..  189 

Tunnels    for    Concrete    Lining 157 

Turntable,   Varying  Level   of   Rail  at 352 

Underfloor       Protection       for       Concrete 

Bridges     182 

U 

Underground    Pumping   Plant 521 

Union   of  Water   Works    Societies 

311,   399,   402,  611,  513 

U.  S.  Coast  Survey  Monument 479 

U.    S.   Coast   Survey.   Work  of 185 

U.   S.  Office  Public  Roads.  Work  of 496 

U.    S.   Office   Public   Roads.    Organization 

of     498 

U.   S,   Reclamation  Projects,   Power  De- 
velopment      139 

Unloading  Device   for   Car.- 351 


Vacuum  Cleaners.  St.  Louis 504 

Valuation.    Overhead    Charges   in 432 

Valves,    Gate    Housing   for 46 

Vertical    Curves,    Figuring 23 

Vertical     Tanks     for     Creosoting     Wood 

Blocks    206 

Vessel  Scales  551 

Viaduct.  Concrete  Sewer 410 

Vibration    in    Building.    Measuring 183 

Vitrified  Pipe  Wells  Casing 316 

Vitrified   Tile    for    Sub-Drainage   of   Wet 

Cuts    543 

W 

Wall  Forms,  Steel  for  Imhoff  Tank 31 

Walls,   Concrete   Beveled 582 

Warehouse,  Concrete  Hoist  for 87 

Warehouse,  Reinforced  Concrete 678 

Washing  Plant,  Portable  for  Gravel 15 

Wastes,    Industrial    Wastes 140 

Water: 

Aqueduct.  Brick  Lined.  Leakage 138 

Aqueduct,    Winnipeg,    Cracks 416 

Aqueduct,    Winnipeg.    Surveys 484 

.Mgicide.    Copper    Sulphate 39 

Bad  Water  Complaints,  Handling 405 

Capacity   and    Efliciency   of   Pumps....  136 

Cast  Iron  Main  Crossing  Bridge 138 

Cast  Iron  W^ater  Pipe.   Life  of 245 

Cast  Iron  Pipe  Joints.  W^edge  Filler  for  228 

Cast  Iron  Water  Tank 27 

Cast  Iron  Pipe  Joint  Tests 40 

Chemicals,      Use     of     at     Purification 

Plant.    St.    Louis 318 

Cincinnati.   O.,   Filter  Plant   Operation.  537 
Circular    Reinforced    Concrete    Reser- 
voir       32 

City  Water  for   Irrigation 121,  225 

Cleaning  and  Painting.  Standpipes 234 

Coagulant  with  Slow  Sand  Filtration..  316 

Coagulants,    Feeding    322 

Coagulants,   Lime    519 

Complaints.    Handling    405 

Consumption     In     Metropolitan     Water 

Distrirt     417 

Copper   Sulphate  Alglcide 39 

Deferrizatlon   Plant    247 

District   26 

DrlUing  Wells   64 


Emergencv  Chlorine  Installations 619 

False  Bottoms  in  Mechanical  Filters..  239 

Feeding   Device   Coagulant 45 

Field   Examination   of    29 

Fire  System,  High  Pressure,  San  Fran- 
cisco          547 

Freezing  of    Subaqueous    Main 37 

Freezing  Water  Pipe  on  Construction.  642 

Gas  Engine  Driven  Pump  for 33 

Housing   for   Gate   Valves 46 

Lead  Caulked  Pipe  Joints,   Tests 628 

Mains,   Formation  of  Ice  in 47 

Main  Supporting  on  Bridge 138 

Main,    Tapping 44 

Motor   Truck    for   Testing 36 

Operation   in   Springfield,   Mass.,   Filter 

Plant    316 

Pipe,  American  Superiority  of 327 

Pipe,  Graphical  Representation  of  Ca- 
pacity       415 

Pipe    Joint    Tests 40 

Pipe,    Protecting   from    Freezing 542 

Pumping  for   Irrigation 34,     62 

Purification.   Army   Use 29 

Purification   of  Swimming  Pools 135 

Red,   Montclair,   N.  J 232 

Removal    of    Iron    from 247 

Saving    City 121 

Screen,    Traveling    534 

Service,  Lmergency  Gang  in 326 

Service    Pipe    328 

Standpipes,  Cleaning  and  Paving 234 

Supply    for   Soldiers 29 

Tank,  Elevated   319 

Tank  Painting    .■ 125 

Tank    Sand    Blasting ;.  125 

TanKs,    Cast    Iron 27 

Tapping   6-ft.    Main    44 

Treatment    Copper   Sulphate 39 

Well    Drilling 50 

Jet   for   Piles 648 

Pipe,  Cast  Iron,  Life  of 245 

Power  In  Winnipeg  River 130 

Shed,   Croton    313 

Waterways,   Chicago    311 

Water   Works   Association,   Union   of 311 

Waterworks,  Canadian   134 

Waterworks,   Central  Producing  Plant...     26 
Waterworks  Management,  Elimination  of 

Politicians    401 

Waterworks,   Mechanical   Filters 239 

Waterworks,    Revenue    of    Municipal    in 

Massachusetts    236 

Waterw6rks    Societies,    Union   of 

399,    402,    511,  513 

Waterworks     Superintendents.     Opportu- 
nities   for    Engineers 121 

Waterworks  Tunnel,  Wilson  Ave 157 

Waterworks  and   Hydraulic   Monthly  Is- 
sue        25,  311 

Waterworks,   Undeveloped   Keld  for 25 

Wave  Heights  and  Wind  Velocity 406 

Wear   Tests  of  Concrete •...  102 

Weir     Meter    138 

Welding  Dredge  Dipper 337 

Welding   Well   Casing 234 

Well   Drilling    50 

Wells: 

Drilling    Mud-ladened   Water   in 54 

Drilling    in     Quarrying 155 

30   to  36-in.    Driving 525 

California    Method    63 

Cased   with    Vitrified   Pipe 316 

Deep  Drilling  Large  Diameter 61 

Drilling     54 

Hydraulic   Jetting   Method 63 

Influence   of   Spacing 35 

Irrigation     62 

Pumping  Water  from 124 

Theory  of  Flow  in 34 

West  Virginia;  Road  Construction 3 

Wet   Cuts,    Sub-Drainage   of 543 

What  Is  a  College  For? 378 

Wheel    Rim    Extension 213 

Wilmington,   Del.,   Meter  Installation  At  313 

Wind  Velocity  and  Wave  Heights 406 

Winnipeg  Aqueduct,   Preliminary  Design 

for      484 

Winnipeg  Aqueduct,   Cracks  in 416 

Winnipeg   Aqueduct,   Surveys 484 

Winnipeg  River,   Hydroelectric  Plants. . .  412 

Wire-cut-lug  Brick.   Testa  of 8 

Wood    Block,    Bleeding    .'. 216 

Wood    Block    Floors 180 

Wood  Block  Shop  Floors,  Shrinkage  of..   284 

Wood    Block,     Swelling    216 

Wood    Blocks,    Creosoting     206 

Wood   Pipe,   New   England 234 

Wooden    Bascule    Bridge 369 

Wooden  Stave  Pipe  Line 28 

Wooden     Stave    Pipe    Line,     Continuous 

Wire  Wound    28 

Worcester,  Mass..  Street  Flushing 506 

Workmen.   Efficiency  of 421 

Wrought  Iron  Pipe,  Capacity 325 

Tale    Bowl    62 
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ANNOUNCEMENT  OF  THE  ROAD  AND  STREET 

MONTHLY   ISSUE   OF   "ENGINEERING 

AND  CONTRACTING." 

Every  week  for  ten  and  one-half  years  "Engineering 
and  Contracting"  has  published  articles  on  roads  and 
streets.  With  this  issue  begins  the  new  plan  of  group- 
ing all  the  articles  on  highways  in  the  issue  published 
on  the  first  Wednesday  of  each  month,  which  will  be 
known  as  the  Road  and  Street  Monthly. 

Subscribers  desiring  only  articles  on  this  subject  will 
be  able  to  secure  this  monthly  service  for  $1  a  year. 
Those  who  wish  the  weekly  contract  news  service  to- 
gether with  the  other  three  monthly  issues  of  articles — 
as  announced  on  the  front  cover — will  be  entered  as  sub- 
scribers at  $3  a  year. 

The  number  of  engineers  and  contractors  engaged  in 
road  and  street  work  is  increasing  rapidly  and  will  long 
continue  to  increase.  The  autotruck  and  automobile  are 
destined  to  make  freight  and  passenger  transportation 
on  paved  roadways  more  economic  and  more  popular 
every  year  for  years  to  come.  We  have  scarcely  begun 
to  build  roads  in  America.  Nor  have  we  made  more  than 
a  good  start  in  paving  village  and  city  streets  properly. 
For  these  reasons  we  look  forward  to  a  road  building 
era  that  will  rival  and  ultimately  surpass  the  great  rail- 
road building  era  of  a  generation  ago. 

Through  its  monthly  articles  and  its  weekly  contract 
new.s,  "Egineering  and  Contracting"  will  give  to  high- 
way engineers  and  contractors  a  service  superior,  we 
hope,  to  that  securable  in  any  other  way. 


THE  ROAD  PLANK  IN  THE  DEMOCRATIC 
PLATFORM. 

One  of  the  shortest  in  words,  but  long  in  significance,  is 
the  road  plank  of  the  Democratic  party,  which  reads: 

The  happiness,  comfort  and  prosperity  of  rviral  life  and  the  devel- 
opment of  the  city  are  alike  conserved  by  the  construction  of  public 
highways.  We.  therefore,  favor  national  aid  in  the  construction  of 
post  roads  and  roads  for  military  purposes. 

So  far  has  sentiment  favorable  to  federal  aid  in  road 
building  progressed  that  it  may  be  assumed  as  certain 
that  the  old  idea  that  "roads  are  purely  local  institutions" 
will  not  long  survive.  First  the  counties  had  to  assist 
the  "road  districts,"  then  the  states  had  to  assist  the 
counties,  and  now  the  federal  government  is  about  to 
assist  the  states.  This  will  be  done  whether  Wilson  or 
Hughes  is  elected. 


A  DANGER  IN  USING  BATCHOMETERS. 

One  ventures  on  dangerous  ground  when  he  undertakes 
comparison  of  mixer  efficiencies.  It  is  a  safe  conclusion, 
however,  that  there  is  a  substantial  difference  in  the  mix- 
ing efficiency  of  the  best  and  of  the  poorest  mixers.  Every 
practical  concrete  road  builder  who  has  observed  the 
work  of  many  different  mixers  knows  that  some  will  turn 
out  a  batch  of  concrete  satisfying  the  expert  eye  in  less 
time  than  will  others.  To  the  contractor  time  of  batch  in 
the  mixer  is  a  very  important  item.  To  him  the  mixing 
of  even  X  -f  5  batches  per  hour  instead  of  X  batches  per 
hour  means  greater  profit.  If  the  quality  of  each  batch 
of  concrete  is  standard  there  is  no  good  reason  why  the 
contractor  should  not  obtain  this  extra  profit  due  to 
greater  mixer  speed.  We  assume  that  no  road  engineer 
will  deny  the  justice  of  this  statement. 

It  is  becoming  the  practice  to  apply  batchometers  to 
mixers  used  in  building  concrete  roads.  It  is  a  practice 
with  which  no   one   quarrels,   not  even,  we  believe,  the 


mixer  manufacturers.  It  is,  however,  a  practice  which 
invites  loss  of  efficiency  in  concrete  road  work  unless 
regulated  with  judgment.  To  illustrate  the  contention: 
The  editors  know  of  a  piece  of  concrete  road  work  on 
which  several  mixers  of  varying  sizes  and  types  were  in- 
stalled by  diff'erent  contractors.  By  visual  inspection  it 
was  determined  that  any  of  these  mixers  by  retaining  the 
batch  120  seconds  would  produce  a  satisfactory  concrete. 
Instructions  were  issued  that  batchometers  should  record 
two  minutes'  time  in  mixer  of  each  batch.  Vigorous  pro- 
test by  some  of  the  contractors  secured  a  retest  of  their 
mixers  and  it  was  found  that  the  best  produced  as  good 
concrete  in  40  seconds  as  the  poorest  produced  in  120 
seconds.  A  readjustment  was  made  by  which  each  batch- 
ometer  was  rated  according  to  the  efficiency  of  the  mixer 
to  which  it  was  applied.  This  was  a  perfectly  logical 
action,  and  it  is  always  the  only  logical  action. 

We  often  hear  reference  to  the  "average  commercial 
mixer."  There  is  no  such  thing.  Each  size  and  type  of 
mixer  is  a  different  machine.  Perhaps  the  difference  may 
not  be  great  between  a  selected  two  mixers,  but  it  is 
substantial  when  we  compare  extremes  in  size  and  type. 
To  rate  batchometers  to  an  arbitrary  time  of  batch  in 
mixed  based  on  records  of  "average  commercial  mixers" 
is  handicapping  the  mixer  superior  to  the  average  and 
giving  an  unjust  advantage  to  the  mixer  inferior  to  the 
average. 


SPECIFICATIONS   FOR  ROAD   CONCRETE 
AGGREGATES. 

The  general  principle  of  control  of  quality  of  engineer- 
ing materials  is  satisfaction  by  the  finished  product  of 
test  requirements.  Quality  of  concrete,  however,  is  con- 
trolled by  specifying  the  properties  that  the  materials  of 
which  concrete  is  made  shall  have.  Rarely  is  strength, 
density,  abrasion  resistance,  or  any  other  physical  or 
other  property  of  the  finished  product,  specified.  How 
and  why  this  variation  from  common  procedure  has  come 
about  in  the  instance  of  concrete  we  need  not  inquire. 
It  exists  without  a  doubt  and  its  existence  is  not  a  good 
thing  for  concrete  engineering  because  it  does  not  per- 
mit the  use  of  a  wide  choice  of  materials,  particularly  ag- 
gregates, of  which  good  concrete  can  be  made. 

The  possibilities  of  concrete  for  road  construction  lie 
largely  in  the  facilities  which  it  offers  for  the  use  of 
local  materials  for  the  great  bulk  of  the  concrete  volume. 
The  very  moment  it  is  necessary  to  send  away  for  ag- 
gregates concrete  as  a  permanent  road  material  begins 
to  lose  any  economic  superiority  it  may  possess.  It  fol- 
lows that  to  increase  the  use  of  concrete  in  road  con- 
struction the  widest  possible  opportunity  compatible 
with  good  construction  must  be  offered  to  the  use  of  local 
aggregates.  This  opportunity  the  conventional  concrete 
specifications  does  not  give.     Let  us  consider  the  reason. 

The  standard  concrete  road  specification  first  estab- 
lishes an  arbitrary  proportion,  say  a  1 :2 :3  mixture.  Next 
it  stipulates  precisely  the  character,  properties  and  qual- 
ity of  the  cement,  the  sand  and  the  coarse  aggregate. 
With  these  proportions  using  cement  and  aggregates 
meeting  the  stipulations  of  the  specification  and  employ- 
ing proper  mixing  procedure  a  good  concrete  is  reason- 
ably certain.  This  is  an  acknowledged  merit  of  the  stand- 
ard road  specification.  But  granting  it  this  merit,  the 
fact  remains  that  other  proportions  and  other  characters 
of  materials  not  comprehended  in  the  specification  will 
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also  produce  a  good  concrete  for  pavement.  Since  those 
other  proportions  and  characters  of  materials  make  a 
good  road  concrete  no  specification  is  serving  its  pur- 
pose best  which  puts  them  outside  the  pale  of  approved 
practice.  Specifications  serve  a  most  important  jjurpose 
when  they  ensure  a  good  material.  Let  it  not  be  forgotten, 
however,  that  specifications  serve  the  industry  best  when 
they  comprehend  all  means  capable  of  producing  a  good 
material. 

How  can  such  a  specification  for  road  concrete  be 
written?  We  doubt  whether  it  can  be  written  follow- 
ing precedent.  It  can  be  written  if  engineers  will  come 
to  consider  that  the  object  sought  is  quality  of  concrete 
and  not  character,  properties  and  quality  of  aggregates. 
No  doubt  we  should  need  first  some  amassing  of  data  and 
some  study  to  develop  practicable  test  measures  of  qual- 
ity, but  these  are  not  insurmountable  obstacles  if  vig- 
orously attacked.  A  concrete  road  specification  that  es- 
tablishes as  standard  of  measure  quality  of  concrete  has 
some  chance  of  being  universally  obeyed,  but  there  is 
slight  chance  of  securing  obedience  to  a  specification  that 
makes  quality  of  aggregates  the  standard  of  measure. 


HAS  THE  "COUNTRY  GONE  CRAZY  ON  ROAD 
CONSTRUCTION"? 

Under  this  title  we  published  an  editorial  four  years 
ago  (Sept.  25,  1912),  most  of  which  will  bear  repeating 
now,  for  some  daily  papers  and  even  the  Good  Roads 
Magazine  have  been  opposing  the  pending  road  law  that 
Congress  is  about  to  pass.  It  is  urged  that  Federal  aid 
is  not  needed,  that  road  building  has  been  going  on  at 
a  satisfactory  rate  without  Federal  aid,  that  the  coun- 
try has  gone  crazy  on  automobiles  and  roads.  We  leave 
to  others  the  defense  of  expenditures  for  automobiles, 
and  take  upon  ourselves  to  show  how  absurd  is  the  con- 
tention that  there  has  been  too  much  road  building. 

In  the  editorial  above  referred  to  we  showed  that  the 
per  capita  investment  in  country  roads  was  only  $30  in 
America,  as  contrasted  with  about  $200  per  capita  in- 
vested in  steam  railways.  During  a  period  of  five  years 
(1904  to  1909)  the  railways  added  to  their  investment 
$10  per  capita,  whereas  during  the  same  period  only  30 
ct.  per  capital  was  expended  in  improving  the  surface 
of  roads  by  graveling,  macadamizing  or  other  better- 
ment of  a  so-called  permanent  type.  The  then  ratio  of 
investments  in  railways  and  roads  was  about  7  to  1,  and 
the  ratio  of  annual  additions  to  that  investment  was  30 
to  1,  showing  that  even  in  a  poor  railroad  building  era 
our  country  roads  were  continuing  relatively  to  fall  be- 
hind the  railroads.  We  hope  soon  to  present  data  that 
will  show  the  relative  progress  during  the  years  1909 
to  1914.  Certainly  there  has  been  some  relative  gain 
in  road  expenditures,  but  equally  certain  is  it  that  we 
face  a  long,  long  way  to  the  Tipperary  of  satisfactory 
road  expenditures. 

When  talking  in  great  totals  one  is  apt  to  lose  a  sense 
of  proportion.  But  by  reducing  totals  to  a  per  capita 
basis  we  gain  a  rational  conception  of  what  the  totals 
really  mean. 

In  1909  there  were  190,-500  miles  of  surfaced  roads  in 
America,  whose  total  cost  was  about  $507,000,000  Half 
a  billion  dollars  sounds  huge,  but  it  was  only  $5.60  per 
capita.  More  money  than  that  total  annually  goes  up 
in  tobacco  smoke  and  down  in  alcoholic  drink,  yet  there 
are  objectors  to  bond  issues  for  road  improvement. 


BOULDER  AND  MASONRY  PARAPETS  ON  ROAD 
EMBANKMENTS. 

Guard  rails  or  parapet  walls  on  road  embankments,  par- 
ticularly at  curves,  are  essential  to  protection  against 
accidents.  Wooden  guard  rails  are  not  only  expensive 
in  first  cost,  but  in  maintenance.  Moreover,  they  are  not 
things  of  beauty.  Parapet  walls  of  masonry  are  far 
preferable  from  the  aesthetic  point  of  view,  and  fre- 
quently can  be  built  at  so  low  a  cost  as  to  make  their 
construction  advisable. 

An  eflTective  parapet  wall  may  be  made  or  large,  boul- 


der-like pieces  of  rock  blasted  from  a  cut  made  in  grad- 
ing the  roadbed.  The  cost  of  hauling  and  placing  the 
stones  is  the  sole  cost  of  such  a  wall  where  a  cut  yields 
a  sufficient  quantity  of  large  stones  for  the  purpose.  The 
larger  the  boulders  the  greater  the  safety  secured  by 
such  a  wall.  On  a  mountain  road  heavy  boulder  parapets 
add  greatly  to  the  feeling  of  security  of  automobilists, 
a  factor  not  to  be  ignored,  particularly  in  the  construction 
of  scenic  highways. 

Where  the  rock  from  cuts  breaks  into  small  fragments, 
so  that  large  "boulders"  are  not  available,  dry  rubble 
parapet  walls  can  usually  be  built  at  relatively  low  cost. 
In  these  days  of  concrete,  engineers  are  prone  to  over- 
look the  suitability  and  economy  of  dry  rubble  for  such 
purposes  as  this.  Since  embankments  usually  settle,  con- 
crete or  mortared  masonry  parapet  walls  crack  if  laid 
soon  after  the  embankment  is  finished.  This,  however, 
IS  less  objectionable  than  is  the  higher  unit  cost  of  such 
masonry.  A  parapet  wall  needs  to  have  sufficient  mass 
to  resist  a  heavy  impact,  but  it  gains  nothing  by  being 
watertight. 

In  riding  over  a  mountain  road  in  California,  recently 
Duilt  by  the  state,  the  editor  was  impressed  by  the  neces- 
sity of  providing  greater  protection  by  walls  or  guard 
rails.  It  was  a  positive  relief  to  ride  through  a  cut  after 
skirting  the  edge  of  a  high  fill  on  a  sharp  curve. 

Where  rock  is  scarce,  may  it  not  be  wise  to  build  para- 
pets of  earth  along  the  edges  of  fills?  The  slopes  of 
earth  parapets  may  be  protected  from  rain  wash  by  a 
thin  slope  wall  of  dry  masonry  or  by  thin  concrete  slabs. 


THE  FIELD  FOR  SMALL  POWER  MACHINES  AS 
ILLUSTRATED  BY  THE  "IRON  MULE." 

When  the  average  engineer  or  contractor  begins  to 
plan  the  use  of  steam  or  gasoline  power  there  is  an  al- 
most irresistible  tendency  to  use  relatively  large  engines. 
The  cost  of  the  fuel  is  relatively  slight,  and  one  engine- 
man  can  control  50  as  easily  as  5  hp.,  so  the  designer  is 
apt  to  forget  that  he  is  not  seeking  a  low  cost  per  horse- 
power, but  a  low  cost  per  unit  of  construction  work. 

A  mule  is  often  a  better  engine  than  a  10  hp.  motor, 
because  the  mule  is  self-portable  at  a  fairly  rapid  gait 
over  bad  roads  or  no  roads  at  all,  and  yet  his  1  hp.,  or 
more  correctly  1  mp.,  is  economically  ample  for  the  pur- 
pose. 

Not  long  ago  the  editor  was  talking  with  an  engineer 
who  was  in  charge  of  erecting  a  pole  line  through  a 
rough,  timbered  country  where  even  mules  could  not 
travel.  A  span  of  mules  had  been  used  previously  to 
"snake"  poles  around  and  to  raise  the  poles  by  the  aid  of 
gin  pole.  The  engineer  decided  to  make  an  "iron  mule" 
to  do  this  sort  of  work,  so  he  bought  a  second-hand 
motorcycle,  put  its  engine  on  a  light  frame  and  geared 
it  to  a  drum.  Three  speeds  were  secured  through  the 
gearing.  Four  men  readily  carried  the  outfit,  and  it 
proved  to  be  in  every  way  as  useful  as  a  span  of  mule.-s 
had  been.  By  anchoring  it  to  a  stump,  or  a  tree,  or  a  few 
iron  pins  driven  into  the  earth,  this  miniature  hoisting 
engine  was  capable  of  "snaking"  large  poles,  erecting  an 
A-frame  derrick  and  hoisting  the  poles. 

This  is  an  example  of  what  we  have  in  mind  when  we 
say  that  small  power  rnachines  are  frequently  the  most 
economic.  There  is  a  vast  amount  of  construction  work 
of  relatively  light  nature  as  to  each  unit  but  involving 
a  large  number  of  units  that  are  scattered  and  therefore 
requiring  the  frequent  shifting  of  the  working  force. 
On  such  work  if  machines  are  to  be  used  economically 
they  must  be  readily  portable,  and  this  involve?  light- 
ness unless  there  are  good  roads.  The  mule  is  so  effec- 
tive because  he  comes  in  portable  units  that  can  be 
grouped  together  where  much  power  is  required.  Why 
can't  we  have  more  "iron  mules"  of  the  sort  above  de- 
scribed? 

May  it  not  be  that  walking  machines,  rather  than  roll- 
ing machines,  are  to  be  preferred  for  many  classes  of 
work  where  portability  is  needed?  There  is  already  the 
"walking  dredge"  which  moves  its  own  huge  weight  over 


July     5, 
\'ol.  XL\I. 


1016 
Xo.  1 


land  by  a  sort  of  walking  motion.     Why  not   produce  a 
"walking   iron   mule"? 

Transportation  on  wheels  unquestionably  reiiuires  less 
power  than  by  walking,  provided  there  is  a  suitable  road- 
way for  the  wheels,  but  a  suitable  roadway  is  the  very 
thing  that  is  lacking  in  many  cases  and  to  build  one  may 
be  out  of  the  question.  The  caterpillar  or  apron  wheel 
has  solved  the  problem  of  self-propulsion  over  fairly 
smooth  and  preferably  soft  surfaces,  but  there  are  con- 
ditions where  it  is  not  applicable,  and  where  a  light 
"walking  machine"  would  be  preferable.  Who  will  make 
a  practical,  simple  "iron  mule"  that  will  walk? 


EDITORIAL  PARAGRAPHS. 

What  is  the  loss  of  coarse  aggregate  in  concrete  road 
work?  Some  is  lost  in  shipping,  being  either  spilled  or 
left  in  the  cars,  and  more  is  lost  in  picking  up  the  mate- 
rial on  the  road.  To  how  much  do  these  losses  amount? 
We  believe  that  it  is  at  least  10  per  cent.  Who  has  exact 
figures? 


Last  year  there  were  almost  2,500,000  motor  cars  reg- 
istered in  America,  or  one  for  every  44  persons.  Iowa 
led  with  one  for  every  16  persons.  The  number  of  motor 
cars  in  1915  was  almost  double  the  number  in  1913. 
Motor  car  owners  paid  more  than  $18,000,000  in  taxes  in 
1915,  most  of  which  went  into  road  improvement. 


When  the  Russians  were  going  the  other  way  across 
Poland  last  summer  they,  according  to  Major  Bond's  "The 
Engineer  in  War,"  spitefully  dragged  behind  themselves 
many  ordinary  road  scarifiers  having  all  their  claws  ex- 
tended. Anyone  who  has  seen  what  one  of  these  dumpy 
little  devices  can  do  to  a  perfectly  good  road  can  appre- 
ciate the  feelings  of  the  German  artillerist  charged  with 
keeping  a  sizeable  fieldpiece  within  a  useful  distance 
from  the  Slav  rear  guard. 


Speaking  further  of  road  construction  under  war  con- 
ditions Major  Bond  warns  that  no  plant  will  be  ordinarily 
attainable  and  the  engineer  must  make  small  tools  suffice. 
He  naively  remarks,  however,  that  "explosives  will  be 
available  and  many  be  liberally  employed." 


A  plank  road  has  little  to  commend  it,  but  a  road  plank 
is  commendable  even  if  little — as  little  as  that  in  the 
Democratic   party  platform. 


In  Clayton  County,  Iowa,  there  are  226  miles  of  county 
roads  that  are  maintained  by  the  patrol  system.  The 
length  of  each  patrol  is  7  to  10  miles.  Patrolmen  con- 
tract with  the  county  to  drag  the  earth  roads  as  ordered. 
The  cost  of  dragging  has  averaged  57  ct.  per  mile  per 
round  trip.  This  low  cost  suggests  the  desirability  of  a 
more  general  adoption  of  the  contract  system  of  road 
dragging. 


HAULING    BROKEN    STONE     FOR    ROAD    CON- 
STRUCTION,   KOCKFORD,    ILL. 

Coiitrilmted   by   The  Thomas  B.    Jefftry   Company,   Kenosha,    Wis. 

A  clear  profit  of  over  $2,000  in  six  months  is  the  record 
made  by  a  motor  truck  operated  by  a  contractor  in  Rock- 
ford,  Illinois.  The  concern  in  question  is  Hart  &  Page, 
who  own  a  limestone  quarry  in  Rockford  and  are  re- 
sponsible for  the  building  of  many  miles  of  the  fine  roads 
to  be  found  in  the  northeastern  part  of  the  State  of  Illi- 
nois. 

Early  in  1915,  Mr.  Rea  Hart,  of  Hart  &  Page,  began  to 
look  seriously  into  the  haulage  situation  on  account  of 
the  growing  scarcity  of  good  horses  and  the  rapidly  in- 
creasing cost  of  operating  teams.  He  soon  became  con- 
vinced that  the  only  economical  solution  was  a  motor 
truck.  After  witnessing  numerous  demonstrations,  and 
making  exhaustive  inquiries  among  motor  truck  owners 
he  decided  that  he  needed  for  his  work  a  truck  with  power 
applied  to  all  four  wheels.    His  selection  was  the  Jefferey 


Quad,  a  motor  truck  which  drives,  brakes  and  steers  on 
all  four  wheels.  Mr.  Hart  was  certain  he  needed  at  least 
a  four  or  five-ton  truck  and  possibly  a  six  or  seven-ton 
truck,  whereas  the  Jeffery  Quad  has  a  rated  load-carrying 
capacity  of  only  two  tons.  He  tried,  unsuccessfully,  to 
get  the  company  to  guarantee  the  Quad  to  haul  three 
tons  in  its  own  body  and  to  pull  five  or  six  tons  additional 
in  trailers.  The  company  refused  to  accept  the  order  on 
such  a  guarantee. 

Finally,  Mr.  Hart  purchased  a  Quad  and  two  trailers. 
He  had  the  Quad  equipped  with  a  Lally  hand-operated, 
all-steel  dump  body,  and  the  trailers  with  the  conventional 
bottom-dump  bodies,  which  are  very  commonly  used  by 
contractors  all  over  the  country.  In  order  to  enable  the 
truck  to  pull  the  loaded  trailers  onto  the  job  over  the 
unmade  roads,  he  instructed  the  Joslyn  Automobile  Co., 


Jeffery    Ouad    Read    Material    Hauling    Outfit. 

Jeffery  dealers  at  Rockford,  to  install  a  subtransmission 
giving  an  extra  low  gear  ratio.  His  judgment  proved  to 
be  sound,  for  in  the  six  months  from  May  18  to  Nov.  24, 
1915.  the  Quad  with  its  Bain  trailers  hauled  a  total  of 
7,500  tons  of  crushed  rock,  covering  a  total  mileage  of 
6,000  miles. 

Figuring  each  ton  of  rock  hauled  the  same  as  if  hauled 
by  contract  with  teams  and  charging  the  truck  with  first 
cost  and  interest,  and  all  money  expended  on  it,  the  truck 
shows  a  net  earning  of  over  $2,000  for  the  six-month 
period. 


ROAD   CONSTRUCTION   OPPORTUNITIES  IN 
WEST  VIRGINIA. 

The  state  of  West  Virginia  at  the  present  time  offers  an 
excellent  field  for  the  road  contractor.  Few  sections  of 
the  country  off'er  more  highway  construction  opportuni- 
ties. Since  November,  1911,  bond  issues  for  road  improve- 
ment aggregating  $12,-388,500  have  been  authorized  in 
various  counties.  Of  this  amount  $11,508,500  has  been 
voted  during  the  past  two  years.  Of  the  $12,388,500 
authorized,  approximately  $2,700,000  has  been  expended. 
At  the  present  time  the  greater  part  of  this  fund  is  un- 
bound by  contract  as  the  work  is  just  being  contracted 
for  in  various  sections  of  the  state.  The  accompanying 
tabulation  (Table  1),  furnished  by  Mr.  A.  D.  Williams, 
Morgantown,  W.  Va.,  chief  road  engineer,  shows  the  bond 
issues  voted  up  to  June  20,  1916. 

The  following  notes  indicate  the  highway  construction 
activities  in  several  of  the  counties  of  West  Virginia: 

On  June  26  the  County  Court  of  Preston  County  re- 
ceived bids  on  work  in  Portland  and  Kingwood  Districts 


aggregating  50  miles  of  improved  road ;  R.  R.  Feller,  Terra 
Alta,  engineer  in  charge  of  Portland  District;  J.  K.  Mon- 
roe, Kingwood,  engineer  in  charge  of  Kingwood  District. 

On  June  29  the  County  Court  of  Wetzel  County  received 
bids  on  Church  District  road  improvement  aggregating  18 
miles,  improvement  to  be  made  of  brick,  concrete  or 
asphaltic  surface;  J.  Russell  Wilson,  Mannington,  engi- 
neer in  charge. 

T.\BLE   I.— BOND  ISSUES   IX   WEST  VIRGINIA  FOR   ROAD 
IMPROVE.MENT. 

Date  of  Date  Amt. 

erection.  Amount  o£  bonds 

Mon.  Year.       County.  District.         of  issue,  sale.  sold  for. 

Feb.,    1911     Wood    Parl<ersburg    ..$180,000  July,  1911      $lSD,69r 

May.    1911     Cabell    300.000  1912-14             300.375 

Oct.,    1911     Hancock    Grant    125,000  Apr.,  1912        125,000 

Nov.,   1912     Hancock    Butler  125,000  May,  1913        125,000 

Nov..  1912     Marshall    Union    150,000  1913-1916         150,000 

May,    1913     Marion   Fairmont    400,000  Sept.,  1913      400,000 

Jun.,    1913     Marion    Mannington   ...  300,000  Sept.,  1913      300,000 

Dec,    1913     Mercer   500,000      515.795 

Dec,    1913     Pleasants    Washington   ...  60,000  As  used             60,000 

\lar.,1914     Wood    Williams    70,000  Mar.,  1914         71,147 

May,   1914     Wood    Clay    40,000  Feb.,  1915          40.333 

May,    1914     Hancock    Clay    40.000  June,  1914         40,000 

Mar.,  1915     McDowell    Big    Creek 105,000  May,  1915        165,000 

McDowell  Sandy  River...  293,000     

May.    1915     Cabell   600.000      

May,   1915     Kanawha    Poca  25,000      25,000 

May,    1915     Kanawha    Union    50,000     50,000 

May,    1915     Kanawha    lefferson   90,000      90.000 

May,   1915     Kanawha    Maiden    45,000      45,000 

May,    1915     Kanawha    Charleston    ....  80,000      80,000 

May,    1915     Kanawha    Loudon    85.000      :         85.000 

May,   1915     Mercer    350.000      350,000 

Aug..  1915     Summers   Talcott  100,000      100,000 

Aug..  1915     Summers  Greenbrier   150,000      150,000 

.A.ug.,  1915     Wyoming    550,000  Dec,  1915        550,000 

Sep.,   1915     Monongalia    ...Morgan    300,000  Dec,  1915        304.803 

Dec,   1915     Preston    Portland   280,000  Mar.,  1916       286,200 

Jan.,    1916     Preston    Kingwood     164.000      

Jan..    1916     Upshur     Buckhannon    ..  ISl.OOO      

Mar.,  1916     Doddridge    West  Union... .  200,000  Apr.,  1916        200,200 

Jun.,    1915     Marion    Fairmont    100,000  Sept.,  1915        1000,000 

Mar.,  1916     Hancock    Poe   50.000      

Mar.,  1916     Randolph    Leadsville  220,000  May,  1916        223,100 

Apr.,    1916     Raleigh    Town    300,000      

Apr.,    1916     Raleigh    Trap  Hill 175.000      

Apr.,    1916     Raleigh    Shad v  Springs.  135.000      

Apr.,    1916     Raleigh    Slab'Fork 210,000      

Apr.,   1916     Barhour    Barker     130.000      

Apr.,    1916     Roane    Spencer    240.000      

Apr.,   1916     Greenbrier    White    Sulphur  90,000     July,  1916         

Apr.,    1916     Wetzel    Church    240,000      

Apr.,    1916     Greenbrier    Lewisburg    153.500     July,  1916        

Apr.,   1916     Logan    Logan    200,000      

Apr.    1916     Marion   Lincoln    650,000      

May,    1916     Wood    Tvgart     70.000      

May,    1916     Doddridge    Grant   175,000      

May,   1916     Hancock    Clav    40.000      

May,    1916     Hancock    Grant    125.000      

May.   1916     Ritchie   Clav    240.000      

May,   1916     Fayette    Favetteville     ..  600.000      

May,   1916     Fayette    Falls     175.000      

May.   1916     Fayette    Nuttal    100.000      

May.   1916     Roane    Walton    208,000      

July,   1913     Wetze!    Grant     150.000      

May,    1916     Fayette    Kanawha    350.000      

Kanawha    Big  Sandv 170.000      

Jun..   1916     Fayette    «ewel!  M't'n. . .  175.000      

Harrison    Clay    300.000      -      .. 

Brooke   800.000      

On  July  1st  the  County  Court  of  Randolph  County  re- 
ceived bids  on  22  miles  of  road  construction,  surface  to  be 
concrete,  asphaltic  concrete,  brick,  and  macadam;  P.  B. 
Broomfield,  Elkins,  West  Virginia,  engineer  in  charge. 

On  June  17  the  County  Court  of  Ritchie  County  sold 
$240,000  Clay  District  bonds  to  Otis  &  Company  at  a 
premium  of  $1,805  and  will  advertise  for  bids  on  18  miles 
of  construction  as  soon  as  plans  and  specifications  can  be 
prepared;  W.  D.  Britt,  Clarksburg,  in  chai-ge. 

The  County  Court  of  Wood  County,  Parkersburg,  W.  Va., 
has  recently  sold  $70,000  Tigart  District  bonds  at  a 
premium  of  $100  to  the  local  banks  in  Parkersburg.  Work 
will  be  done  by  force  account  under  direction  of  Burdette 
Woodyard,  county  engineer. 

The  County  Court  of  Roane  County,  Spencer,  W.  Va., 
sold  $240,000  Spencer  District  bonds  to  Harris  Forbes  & 
Co.  at  a  premium  of  $650  and  the  blank  bonds. 

On  July  8  the  County  Court  of  Greenbrier  County, 
Lewisburg,  W.  Va.,  will  receive  bids  on  $153,500  Lewis- 
burg  District  bonds  and  $90,000  White  Sulphur  District 
bonds. 

On  July  24  the  County  Court  of  Fayette  County,  Fayette- 
ville,  W.  Va.,  will  receive  bids  on  District  bonds:  $600,000, 
Fayetteville;  $175,000,  Falls;  $100,000,  Nuttall;  $175,000, 
Sewell  Mountain. 

The  County  Court  of  Raleigh  County,  Beckley,  W.  Va., 
has  recently  sold  $835,000  Shady  Spring,  Trap  Hill,  Slab 
Fork  and  Town  District  bonds  at  a  premium  of  $10,742 
and  is  now  preparing  to  carry  out  the  necessary  arrange- 
ments to  start  the  construction. 


ENGINEERING 
AND      CONTRACTING 

The  County  Court  of  Summers  County  has  awarded  the 
contract  for  8  miles  of  asphaltic  concrete  to  the  Central 
Engineering  Co.  at  Charleston,  W.  Va.  F.  K.  Rader.  Lewis- 
burg; Phillip  J.  Konrad,  Kanawha  Falls,  engineers  in 
charge. 

The  County  Court  of  Hancock  County  has  recently  sold 
$125,000  Grant  District  bonds,  $50,000  Poe  Di-strict  bonds, 
$40,000  Clay  District  bonds,  and  are  now  having  sur\'eys 
made  preparatory  to  advertising  for  bids;  C.  E.  Grafton, 
New  Cumberland,  engineer  in  charge. 

Logan  District,  Logan  County,  has  voted  $200,000  5  per 
cent  serial  bonds ;  F.  M.  Wilson,  county  engineer,  Logan, 
W.  Va.,  is  making  surveys  and  preparing  plans  and  speci- 
fications. 

The  County  Court  of  Doddridge  County  has  decided  to 
do  the  work  in  Grant  District  under  the  $175,000  bond 
issue  by  force  account  and  has  employed  Arthur  Lucas, 
civil  engineer  of  Morgantown,  W.  Va.,  to  take  charge  of 
the  work. 


METHODS  AND  COST  OF  TREATING  OLD  MAC- 
ADAM STREETS  IN  MILWAUKEE,  WIS., 
WITH  ASPHALTIC  OIL. 

Contributed   by   Stanley   E.    Bates.   Assoc.    M.    Am.    Soc.   C.   E., 
Chicago,   ill. 

Like  scores  of  other  American  cities,  Milwaukee,  dur- 
ing the  past  few  years  has  been  confronted  with  the 
serious  problem  of  caring  for  a  large  mileage  of  old 
waterbound  macadam  streets  bearing  a  traffic  too  heavy 
for  this  type  of  construction. 

With  200  miles  of  such  streets,  immediate  replacement 
with  a  higher  type  of  pavement  is  impossible ;  on  the 
other  hand,  maintaining  them  as  waterbound  pavements 
is  v/ell-nigh  impossible — to  say  nothing  of  the  cost.  Main- 
tenance with  liquid  asphaltic  oil  has  been  found  the  an- 
swer to  the  problem  in  Milwaukee.  The  method  of  ap- 
plication is  as  follows : 

Oiling  is  done  only  when  the  streets  are  perfectly  dry. 
The  surface  is  first  swept  clean  by  means  of  steel  and 
fibre  brooms,  removing  all  loose  dirt  and  dust.  This  in- 
cludes, likewise,  loose  stones  in  the  macadam. 

Immediately,  upon  this  clean,  dry  and  somewhat  rough 
surface,  the  liquid  asphalt  is  applied,  sometimes  by  hand, 
b'ut  more  often  with  a  gravity  distributor.  Milwaukee's 
distributor  is  an  old  converted  sprinkling  cart,  fitted 
with  a  transverse  perforated  pipe  and  proper  connect- 
ions. The  liquid  is  applied  cold,  the  amount  put  on  averag- 
ing about  -Js  gal.  per  square  yard. 

As  soon  as  the  asphalt  is  applied  it  is  broomed  with 
heavy  fibre  brooms,  not  only  to  insure  a  uniform  and 
even  distribution,  but  to  thoroughly  coat  all  of  the  par- 
ticles on  the  macadam  surface  and  insure  good  adhesion. 
In  some  cases,  horse-drawn  rotary  brooms  are  used  for 
this  work,  but  only  when  the  macadam  has-  an  even  sur- 
face without  holes  or  depressions. 

Following  the  brooming,  clean  stone  screenings,  sand 
or  granulated  slag  is  spread  over  the  surface.  This  is 
done  either  by  hand  or  machine,  the  use  of  a  sand 
spreader  manufactured  by  the  Kindling  Machinery  Co., 
Milwaukee,  Wis.,  and  shown  in  operation  in  Fig.  1,  be- 
ing much  more  economical  than  hand  spreading. 

The  Kindling  spreader-  consists  of  an  ordinary  wagon 
with  a  hopper  bottom  and  a  steel  chute  discharging  onto 
a  rotating  metal  disc  fitted  with  radial  blades.  A  chain 
and  sprocket  wheels,  together  with  bevel  gears  connect- 
ing the  rear  wheels  of  the  wagon  to  the  shaft,  makes 
the  disc  rotate  at  about  25  times  the  speed  of  the  wheels. 
This  is  sufficient  to  throw  the  material  out,  by  centrifugal 
force,  over  the  entire  width  of  an  ordinary  street,  spread- 
ing it  as  evenly  as  by  hand.  A  ma.ximum  of  50,000  sq. 
yd.  per  hour  can  be  covered,  but  usually  the  rate  is  con- 
siderably less  in  this  kind  of  work.  The  rate  of  fiow 
of  the  sand  or  other  material  is  controlled  by  a  lever  at 
the  driver's  seat.  Only  one  man  is  required  to  operate 
the  spreader. 

The   size   of  screenings   generally   ranges   from   1/2    in. 
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down;  sand  and  granulated  slag  ranges  from  h^  in.  down. 
The  average  rate  of  spreading  is  such  that  1  cu.  yd. 
covers  about  275  sq.  yd.  of  surface. 

The  street  is  closed  to  traffic  until  48  hours  have  elapsed 
after  spreading  the  sand.  By  that  time  the  liquid  asphalt 
has  solidified  so  that  it  is  not  picked  up  by  the  wheels 
of  wagons  or  automobiles.  Then,  as  traffic  goes  over 
the  surface,  the  sand  or  screenings  are  gradually  pressed 
down  into  the  matrix  until  a  smooth,  hard  surface  is  ob- 
tained. Fig.  2  shows  a  close  view  of  the  surface  about 
30  days  after  treatment.  In  another  60  days  the  pebbles 
were  pressed  down  so  as  to  be  scarcely  visible. 

For  deep  holes  in  the  old  macadam,  special  treatment 
is  required.  When  liquid  asphalt  was  first  tried  out  in 
Milwaukee,  such  holes  were  filled  with  crushed  stone 
before  the  asphalt  was  applied.  E.xperience  proved  that 
this  was  not  very  satisfactory,  as  there  was  no  bond  be- 


macadam.  Casual  observation  on  the  ground  would  de- 
tect little  difference. 

Three  kinds  of  asphalt  were  used  in  Milwaukee  dur- 
ing 1915,  viz.:  Trinidad  Liquid  of  the  Barber  Asphalt 
Paving  Co.,  Mexican  of  the  Standard  Oil  Co.  of  New 
Jersey,  and  Stanolind  of  the  Standard  Oil  Co.  of  Indiana. 
Prices  ranged  from  3.17  ct.  per  gallon  to  6.9  ct. 

Owing  to  the  large  number  of  widely  variable  factors 
entering  into  the  cost  of  such  treatment,  representative 
data  are  difficult  to  obtain.  The  condition  of  the  old 
pavement,  the  price  of  oil  and  sand,  and  the  use  of  hand 
methods  versus  machinery  for  application,  are  the  items 
subject  to  greatest  variation.  However,  the  following 
table  is  given  which,  as  near  as  possible,  represents  a 
fair  average  case;  if  an>i;hing,  it  is  conservative,  as 
hand  methods  were  employed  throughout,  though  less 
materials  were  used  than  those  given  in  the  earlier  part 


Fig.  1  —  Kindling  Sand  Spreader  in  Operation.  Fig.  2 — Close  View  of  Treated  Macadam  Near  Gutter — Asphalt  Application  One  Month  Old. 
Fig.  3 — Looking  vVest  on  Highland  Boulevard  From  Washington  Avenue — Boulevard  Has  Old  Macadam  Pavement  Treated  With  Asphalt.  Fig  4 
— Highland    Boulevard    After   One    Application   of   Liquid   Asphalt. 

of  this  article.  All  work  was  done  by  force  account. 
The  table  was  compiled  from  figures  kept  by  the  Bureau 
of  Municipal  Research  of  Milwaukee. 


tween  the  macadam  and  the  new  stone  and  the  latter  be- 
came dislodged  easily.  On  all  recent  work,  therefore, 
the  holes  are  left  unfilled  until  after  the  asphalt  has 
been  applied.  This  results  in  the  interior  of  the  de- 
pressions being  coated  with  the  adhesive  material,  after 
which  they  are  filled  up  level  with  the  surrounding  sur- 
face with  crushed  stone  as  before.  But  in  this  case,  the 
asphalt  at  the  bottom  furnishes  a  bond  to  hold  the  stone 
in  place  and  then  an  additional  amount  of  liquid  is 
poured  over  the  patch,  cementing  the  stone  firmly  to- 
gether. Such  patches  generally  cannot  be  detected  on 
the  finished  surface. 

The  above  described  treatment  is  applied  to  macadam 
streets  every  year  or  sometimes  every  two  years,  depend- 
ing upon  traffic  and  the  original  condition  of  the  street. 
By  this  means  a  substantial  surface  is  built  up,  closely 
resembling  sheet  asphalt;  in  fact,  even  after  the  first 
application,  when  the  liquid  asphalt  has  solidified  and 
traffic  has  ironed  down  the  sand  or  screenings  into  it, 
there  is  difficulty  in  distinguishing  the  dividing  line  be- 
tween sheet  asphalt  and  the  treated  macadam,  where  the 
two  adjoin. 

In  Fig  3  the  transverse  street  in  the  immediate  fore- 
ground  is   of   sheet   asphalt,   while   the   boulevard    is    of 


TABLE    I.— ITEMIZED    COST    OF    OILIXG    TERRACE    AVE.,    BE- 
TWEEN  LAFAYETTE   PL.    AND   WYOMING   PL..    FOUR 
BLOCKS.  5,306.20  SQ.  IDS.,  2. 728. 9  FT.  FRONTAGE. 
TRINIDAD  LIQUID  ASPH.A.LT  USED. 

Rate  , Cost , 

per  hou'-                                Per  1,000  Per 

Labor  and  teams.  Hours.     <^tu              Total.            sq.  yds.  front  ft. 

Hand  Sweeping — 

Labor    22             25                   $5.50                 $1.03  $0.00200 

Teams    3             62^4                 1.S75                   .35  .00069 

Hauling   and   Hand    Spreading   ot    Oil — 

Labor     30            25                     7.50                   1.41  .00275 

Teams    4             62%                 2.50                     .47  .00091 

Spreading  Slag  (by  hand) — 

Labor    41             25                   10.25                   1.93  .00370 

Teams    10             62%                 6.25                   1.18  .00229 

Totals — 

Labor     93             25                   23.25                  4.38  .00845 

reams    n 17             62%               10.625                 2.00  .00389 

Total    $33,875               $6.38  $0.01234 

, Cost V 

Unit                                  Per  1.000  Per 

Materials.             Quantity.      cost.                Total             sq.  vds  front  ft. 

Oil.    gal 1,100         $0,069               $73.90               $14.30  $0.02782 

Slag.  cu.  yd 19  1.001 

Sand.  cu.  yd 6           1.40j              27.40                  5.16  .01004 

Total     $103,30               $19.46  $0.03786 

Grand   total,   labor  and  materials          J137.175             $25.84  $0.05020 


ENGINEERING 
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The  following,  Table  II,  shows  the  amount  of  materials 
used  on  this  street: 

TABLE    11.— QUANTITIES    OF    MATEIil.M  S     ISKD    ON    TERRACE 
AVE.    BETWEEN   LAFAYETTE  FL.    A.NO    WYOMING   PL. 

, Quantity. ,       Sq.  yd. 

Per  Pel-  covered  by 

Material   and   unit.  1.00"         front  unit 

Total.        sq.  yds.       loot.  quantity. 

Oil.    gal l.KO  2(17  Ma  4.S 

Slag  and  sand,  CM.  yd 25  4..  OuH  ^1^ 

Charles  0.  Davis,  Superintendent  of  Street  Sanitation 
of  Milwaukee,  has  direct  charge  of  all  street  maintenance 
by  oiling. 


MOTOR  TRUCKS  FOR  EARTH  EXCAVATION  FOR 

THE  PUBLIC  SERVICE  TERMINAL, 

NEWARK,  N.  J. 

Contributed    by    the    Pierce-Arrow    Motor   Car   Co..    Buffalo.    N.    Y. 

Among  the  most  striking  records  of  motor  truck  service 
in  contracting  are  those  covering  a  million-dollar  excavat- 
ing contract  by  Holbrook,  Cabot  &  Rollins,  New  York, 
N.  Y.,  for  the  Public  Service  Terminal  at  Park  Place, 
Newark,  N.  J.  This  contract  called  for  the  excavation  of 
over  120,000  cu.  yd.  of  earth  to  be  removed  from  a  plot 
900  ft.  long,  with  an  average  width  of  140  ft.  and  a  depth 
of  25  ft.  below  curb.     In  addition  there  were  136  caissons, 


Average  weight  of  load  at  iiS  Il>.   pur  cu.  ft.,  tons 4.» 

Total    mileage    for   yvi    trucks 118.888 

Average  mileage  1   truck 10,100 

Number  of   days  worked    (S.inday   not   included) 90 

Number   of  days   tw,)  shifts   worked 74 

Total  shifts   worked   in   SiU   days 163 

Average  miles  per  iHi  hour  shift  for  9'/4  trucks 600" 

Average  mile  per  truck  per  9V4  hour  shift 6'i- 

The  books  show  that  the  overhead  expense  Was  $8  a  day, 
which  included  interest,  insurance,  garage  service,  and 
the  salaries  of  the  two  drivers.  The  operating  expense 
was  shown  to  be  18  ct.  per  mile,  which  included  tires, 
gasoline,  oil,  repairs  and  depreciation.  Figuring  on  the 
basis  of  each  truck  making  154  miles  per  18-hour  day, 
which  was  the  average,  the  total  cost  per  truck  per  day 
was  $35.72,  and  this  reduced  to  the  cost  of  yardage  re- 
moved, figured  out  32  ct.  per  yard. 

In  estimating  what  the  cost  of  doing  this  work  with 
horse  teams  would  have  been,  it  was  figured  that  there 
was  a  saving  of  approximately  60  per  cent  in  favor  of  the 
motor  trucks.  The  net  saving  on  this  basis  would  amount 
to  $550  a  day.  It  is  somewhat  idle,  however,  to  specu- 
late along  these  lines,  for  it  is  a  plain  statement  of  fact 
that  horse  teams  simply  could  not  have  done  the  work  at 
any  cost  within  the  contract  time.  Mr.  T.  B.  Bryson, 
Vice-President  of  the  Holbrook,  Cabot  &  Rollins  Corpora- 
tion, writes  us  on  this  point:  "Replying  to  your  letter 
of    Dec.    3,    regarding    Pierce-Arrow   trucks    on    work    at 


An    Earth    Hauling    Outfit   of    Pierce-Arrow    Wotor   Trucks. 


averaging  8  ft.  in  diameter,  to  be  sunk  to  a  depth  of  at 
least  58  ft.  in  order  to  reach  rock. 

In  hauling  the  excavated  material  from  ten  to  twelve 
Pierce-Arrow  trucks  were  employed.  The  trucks  were 
operated  18  hours  a  day,  working  two  9-hour  shifts  of 
men,  one  going  on  at  5  a.  am.  and  the  other  quitting  at 
midnight.  With  ten  trucks  in  service  the  average  work- 
ing per  day  was  9^4  trucks.  The  only  truck  troubles  were 
a  few  broken  springs,  due  to  the  rough  road  over  which 
the  hauling  was  done.  With  the  ten  trucks  working  18 
hours  per  day,  28  trips  per  truck,  of  5^2  miles,  were  made. 
Each  truck  carried  a  load  of  4  cu.  yd.  or  a  total  cf  112  cu. 
yd.  per  day.  The  trucks  were  loaded  by  steam  shovel, 
and  the  average  time  of  loading  was  3  minutes.  A  con- 
cise statement  of  the  operations  is  contained  in  the  fol- 
lowing report,  submitted  Dec.  2,  1914,  after  the  work  was 
well  under  way: 

Ten  J-yard,  5-ton  Fierce-Arrow  trucks  in  15  week,s  carried  53.0fifl 
cu.  yd.  earth  excavation  T  miies  to  make  a  four-foot  fill  IS  ft  \A'ide 
and  2  miles  long.  This  sand,  loam  and  gravel  was  loaded  by  a  B;i- 
cyrus  IS-B,  2.'i-ton  revolving  shovel  from  the  %-yd.  dipper  directly 
into  the  trucks,  which  took  it  up  a  400-foot  5  per  cent  grade  planked 
rantp.  then  over  cobblestone  and  other  poor  pavement  in  streets  with 
car  tracks  and  over  one  drawbridge  to  the  above  mentioned  liU,  which 
was  parallel  to.  but  only  connected  at  intervals  with,  the  turnpike 
road.  The  time  of  loading  varied  from  one  to  five  minutes  and  up. 
Unloading,  about  the  same  time.     The  following  are  the  figures: 

Number  of  trucks  on  the  job 10 

Number  ,)f  trucks  actually  at  work,  average  about 9% 

Number   of  loads 13,928 

-■\ verage   loads,   cu.    yd 3.8 


Newark,  would  say  that  it  would  be  impossible  to  have 
done  the  work  in  question  with  horse  trucks  on  account 
of  the  length  of  the  haul  and  also  the  fact  that  v.^e  could 
not  have  gotten  the  teams  to  the  shovel  and  away  with 
dispatch  enough  to  have  loaded  the  yardage  which  we 
were  loading  per  day." 


Safety  in  Highway  Construction. — Several  serious  acci- 
dents have  happened  on  high  fills  which  could  have  been 
avoided  if  the  instructions  of  the  highway  comniissicn  to 
place  guard  rails  on  all  fills  of  over  five  feet  in  height 
were  compiled  with,  says  the  Minnesota  Highway  Journal. 
This  is  a  rule  on  state  roads,  and  should  be  applied  to  all 
roads.  One  county  had  trouble  even  with  guard  rails,  sev- 
eral machines  having  gone  through  the  fence  on  a  bad 
turn,  until  the  engineer  put  on  some  woven  wire.  A  ma- 
chine occasionally  runs  into  the  fence  but  does  not  go  over 
the  edge  cf  embankment  as  the  wire  holds  it.  When  roads 
are  surfaced  the  shoulders  should  be  built  up  of  firm 
material  to  allow  for  turning  out,  especially  in  sandy  soil. 
A  clear  sight  distance  of  not  less  than  250  ft.  should  be 
provided  on  all  roads,  and  would  prevent  many  accidents, 
particularly  those  accidents  occurring  by  the  lights  of 
automobiles  suddenly  coming  upon  a  team  at  night. 
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COMPARATIVE    COST   OF   VARIOUS   TYPES   OF 
PAVEMENT. 

Interesting  figures  on  the  comparative  costs  of  various 
types  of  pavement  were  given  by  Mr.  Eugene  W.  Stern, 
Chief  Engineer  of  Highways,  Borough  of  Manhattan,  New- 
York  City,  in  a  paper  presented  at  the  Second  National 
Conference  on  Concrete  Road  Building.  The  following 
data  are  quoted  from  Mr.  Stern's  paper: 

While  there  is  no  uncertainty  about  the  first  cost,  there 
is  some  difficulty,  however,  in  properly  arriving  at  the 
maintenance  cost.  The  most  approved  types  of  highways 
have  been  in  common  use  for  a  short  time  only  and  the 
motor  traffic  is  very  recent;  and  while  we  know  a  good 
deal  as  to  their  durability  under  present  conditions,  we 
must  look  ahead  and  try  to  foretell  how  long  their  life 
will  be  and  what  the  probable  cost  of  maintenance  over 
this  period  of  years  will  be. 

Let  us  consider  now  the  following  well-known  types 
of  roads  and  pavements : 

Concrete. 

Bituminous  concrete  on  concrete  base. 

Sheet  asphalt  on  concrete  base. 

Brick  on  concrete  base. 

Bituminous  macadam  on  gravel  or  broken  stone  base. 

Asphalt  block  on  concrete  base. 

Water-bound  macadam. 

Wood  block  on  concrete  base. 

Granite  block  on  concrete  base. 
In   order  to   arrive   at   a  basis  for  comparison,   let  us 
.educe  all  these  various  types  to  a  gross  annual  cost  per 
square  yard,  which   includes  interest  on  first  cost,   plus 
amortization,  plus  annual  repairs. 

I  have  taken  the  country  district  immediately  about 
New  York  City  as  a  basis  for  comparison  as  to  cost  and 
therefore,  of  course,  the  figures  of  first  cost  given  below 
must  be  modified  to  suit  local  conditions.  In  some  dis- 
tricts, for  instance,  such  as  Worcester,  Mass.,  a  granite 
pavement  can  be  laid  with  cement  grouted  joints  and 
with  concrete  base  for  as  low  as  $3.10  a  square  yard, 
with  an  annual  maintenance  cost  averaged  for  15  years  of 
only  6  10  ct.  a  square  yard.  There  are  places  in  the 
middle  west  where  a  brick  pavement  can  be  laid  for 
considerably   less. 

As  regards  maintenance  costs,  I  have  taken  the  figures 
for  recent  years  only,  because  the  farther  back  one  goes, 
the  farther  we  get  away  from  present  conditions. 

CO.\"Cr;E-l-E   PAVKilKNT. 
Assuir.pticns. — X'seful  life  .Tt   20  years   as  a   wearing  surface;    after 
which   to  be  used  as  foundation   for  a  wearing  surface  sucli  as  bitu- 
minous concrete,   sheet  asphalt,   asphalt  block,   brick,  etc. 

Per  SCI.  yd. 

Cose  of  concrete  pavement.  6  in.  thick $1.12 

Value  as  a  foundation SO 

Cost  of  wearing  surface.   30-year  life $0.32 

Gross  Annual  Cost  per  Square  Yard. 

Ct. 

Interest  charge  on  pavement.  $1.12  at  iVi% 4.76 

Amortization  on  wearing  surface,  32  ct.  at  3%% 1.04 

Annual   repairs    2.00 

Total   cost 7.S0 

ASPHALTIC   Oi;   BITfMIXOrS   CONCRETE. 
2^  in.  thick  on  6-in.  concrete  base. 

Assumption. — Useful  life  of  wearing  surface.  20  years;  top.  2>4 
in.  thick:   Borough  of  Bromc  specifications. 

Per  sq.  yd. 

Cost  of  concrete  base  6  in.  thick $0.S0 

Cost  Oi  wearing  surface  2%  in.  thick 70 

.      Total    $T50 

Annual  repairs    2.35  ct. 

Gross  Annual  Cost  per  Square  Yard. 

Ct. 

Interest  charge  on  pavement.  $l..'iO  at  4Vi% 6.375 

Amortization  on  top,  70  ct.  at  3Vi% 2.275 

Annual  repairs   2.35 

""tal    11.00 

SHEET  .\SPHALT. 
3  m.   thick  on  6-ln.  concrete  base. 
.,  .-V^^'i4"'''''^"s— ^''eful    life   of  wearinsj  surface.    25    vears;    top,   3   in. 
thick;   Borough  of  Manhattan  specifications. 
„     .     .  Per  sq.  yd 

Cost  of  concrete  base  6  in.  thick $0  80 

Cost  of  wearing  .surface  3  in.  thick 90 

.      Total ^0 

Annual  repairs   2  ct 

Gross  .Annual  Cost  per  Square  Yard. 

Ct 

Interest  charge  on  pavement.  $1.70  at  H4% 7  2''.^ 

Amort'zation  on  top.  90  ct.  at  2H%         ....  '025 

Annual    repairs 2!oO 

Total    fniii" 


URICK. 
4  in.  thick  en  concrete  base. 
.\ssuniptions. — Useful  life  of  wearing  surface,  25  years. 

Per  sq.  yd. 

Cost  of  wearing  surface  (N.   Y.   State) $1.20 

Cost  of  6-in.  concrete  base 80 

Total    S2.00 

.\nnual  repairs  2  ct. 

Gross  Annual  Cost  per  Square  Yard. 

Ct. 

Interest  charge  on  pavement,  $2,00  at  4%% 8.5 

Amortization  on  top,  $1.:;0  at  3>4% 3.9 

.Vnnual  repairs   2.0 

Total    HO 

.  BITUMINOUS  MACADAM. 
.\ssuniptlons. 

Per  sq.  yd. 

Cost    of  pavement $0,871 

-Vnnual  repairs  of  pavement 121 

Gross  Annual  Cost  per  Square  Yard. 

Ct. 

Interest  charge  on  pavement,  $0,871  at  414% 3.7 

.\nmial    repairs    12.0 

Toial 15.7 


COMCRETE 
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Gross  Annuai^  Cost  Per  SqYd.OfVabious  Materials 

ASPH.VLT  BLOCK. 
l''^  in.   thick  on  6-in.  concrete  base. 
-Assumptions. — Useful  life  of  2H-in.   wearing  surface,    20  years. 

Per  sq.  yd. 

Cost  of  wearing  surface $1.40 

Cost  of  concrete  base  6  inches  thick 80 

Total     $2.20 

-Annual    repairs    3  ct. 

Gross  -Annual  Cost  per  Square  Yard. 

Ct. 

Interest  charge  on  pavement.  $2  20  at  4V4% 9.35 

-Amortization  on  wearing  surface,  $1.40  at  3%% 4.55 

-Annual   repairs    3.00 

Total     16.9 

W-ATEPJBOUND    M-AC-AD.AM. 

Per  sq.  yd. 

Cost  of  pavement $0,648 

-Annual  repairs 15 

Gross  Annual  Cost  per  Square  Yard. 

Ct. 

Interest  charge  on  oavement,  64.8  ct.  at  4%% 2.75 

Repairs    . , 15.00 

Total    17.75 

WOOD  BLOCK. 

3  in.  thick  on  6-in.  concrete  base. 

-Assumptions. — Useful  life  of  wearing  surface,  20   years. 

Per  sq.  yd. 

Cost  of  wearing  surface $2.00 

Cost  of  concrete  base  li  in.  thick 80 

Total    $2.80 

-Annual    repairs    2  ct. 

Gross  -Annual  Cost  per  Square  Yard. 

Ct. 

Interest  charge  on  pavement.  $2.80  at  4%% 11.90 

-Amortization  on  wearing  surface,  $2.00  at  314% 6.50 

-Annual   repairs    2.00 

Total    20.4 

GRANITE   BLOCK. 

4  in.  thick  on  6-in.  concrete  base. 

Assumptions. — Useful  life  of  wearing  surface.  35  years. 

Per  sq.  yd. 

Cost  of  wearing  surface $3.00 

Cost  of  6-in.  concrete  base SO 

Total    $3.80 

-Annual    repairs    1  ct. 

Gross  -Annual  Cost  per  Square  Yard. 

Ct. 

Interest  charge  on  pavement.  $3. SO  at  4V1% 16.15 

.\inortiz,ation  on  wearing  surface,  $3.00  at   1.28% 3.85 

-Annual  repairs 1.00 

Total     21.0 

.SI'.MM-\KT    OF   ClL^JT. 

The  following  table  shows  gross  annual  cost  per  square 
yard,  including  interest  on  first  cost,  plus  amortization, 
plus  annual  repairs: 

-Annual  cost 

per  sq.  yd. 

Kind.  in  cents. 

1.  Concrete    ' 7.S 

2.  Asphalt  ic  concrete  on  B-in.  concrete  base 11 

3.  Sheet  asphalt  on  6-in.  concrete  base 11.25 

4.  Brick   on   6-in.   concrete  base 14 

5.  Bituminous  macadam   '. 15.7 

6.  Asphalt  block    16.9 

7.  Waterbound    macadam    17.75 

S.     Wood  block    20.4 

9.     Granite   block    21 

From  the  above  we  see  that  the  concrete  pavement 
costs  7.8  ct.  per  square  yard  per  year,  and  that  ne.xt  to 
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this  asphaltic  concrete  costs  11  ct.  per  square  yard  per 
year,  or  about  40  per  cent  more;  bituminous  macadam, 
15.7  ct.  per  square  yard,  or  double  as  much;  and  water- 
bound  macadam,  17%  ct.  per  square  yard,  or  over  2^/4 
times  as  much. 

My  figures  as  to  maintenance  cost  of  the  asphaltic  con- 
crete and  sheet  asphalt  presuppose  that  the  community 
owns  its  own  asphalt  repair  plant  and  that  the  main- 
tenance organization  is  highly  skilled  and  thoroughly 
efficient  and  extremely  prompt.  Without  this,  the  figures 
should  be  very  much  increased,  as  the  upkeep  will  be 
considerably  higher,  and  the  life  of  the  pavement  short- 
ened. This  is  not  the  case  with  concrete  pavements,  as 
no  expensive  plant  of  any  kind  is  required;  therefore,  the 
figures  given  for  their  maintenance  should  easily  be  met 
in  any  locality. 

As  I  said  before,  the  age  of  these  various  pavements 
and  the  cost  of  future  maintenance  per  year  are  more 
or  less  elements  of  uncertainty.  This  is  not  the  case, 
however,  with  such  types  as  bituminous  macadam  and 
water-bound  macadam.  So  many  miles  of  these  have 
been  laid  in  recent  years  that  we  have  accurate  data 
both  as  to  the  first  costs  of  these  pavements  and  as  to 
the  annual  cost  of  repairs.  The  figures  I  have  given  are 
believed  to  be  not  above  the  average. 

It  may  be  objected  that  the  concrete  pavement  cannot 
be  easily  repaired  in  case  the  pavement  has  to  be  cut 
for  installing  subsurface  pipes  or  making  repairs  to  sub- 
surface structures.  This  objection  is  a  valid  one  and 
until  we  find  a  method  of  easily  making  a  thoroughly 
first-class  patch  it  might  seem  desirable  not  to  use  a 
concrete  pavement  where,  in  a  rapidly  growing  commu- 
nity, numerous  cuts  must  be  made  in  the  surface. 

In-  places  where  the  probability  of  making  numerous 
cuts  is  remote,  it  might  be  desirable  to  build  the  pave- 
ment, say,  2  in.  lower  than  the  final  proper  surface  of  the 
roadway;  then  when  the  surface  has  become  too  much 
marred  by  cuts  in  the  course  of  years,  it  could  be  used  as 
a  foundation  for  a  top  of  bituminous  concrete,,  sheet 
asphalt,  asphalt  blocks  or  brick.  The  economies  result- 
ing from  this  method  would  be  that  for  a  number  of  years 
the  concrete  pavement  would  be  very  serviceable  and 
entail  a  low  first  cost  on  the  community. 

The  question  of  the  facility  of  making  repairs  in  pave- 
ments due  to  cuts  required  for  the  installation  of  sub- 
surface structures,  is  an  extremely  important  one,  and 
cannot  be  ignored. 

It  would  of  course  be  extremely  desirable  if  in  grow- 
ing communities  the  subsurface  structures  were  placed 
in  such  a  way  as  to  avoid  cutting  into  the  pavement  for 
repairs  and  connections;  and  there  is  no  doubt  that  were 
this  done  not  only  would  the  life  of  the  pavement  be  very 
materially  increased,  but  the  comfort  and  convenience 
of  the  community  would  also  be  conserved.  Unfortu- 
nately, however,  this  is  not  being  done.  The  highway 
engineer  must,  therefore,  make  the  best  of  the  existing, 
situation. 


the  tractor  itself  is  housed  in  a  garage.  The  coupling 
and  uncoupling  of  the  tractor  and  semi-trailer  is  a  simple 
matter,  the  rear  of  the  tractor  and  front  of  the  trailer 
being  fitted  with  a  rim-bearing  center-pin  turn-table.  A 
bolt  engaging  a  slot  in  the  center  pin  holds  the  trailer 
in  place.  To  uncouple,  a  jack  is  set  under  the  front  of 
the  trailer  which  is  raised  until  the  pin  clears  the  trac- 
tor. The  tractor  is  then  driven  off  and  a  light  horse 
placed  under  the  front  of  the  semi-trailer  for  the  night. 
In  the  morning  the  process  is  reversed. 

Mr.  Goodman  has  found  the  swing  truck  semi-trailer 
greatly  superior  to  the  platform  truck  type  for  hauling 
heavy  steel,  as  it  does  not  have  to  wait  at  either  end  for 
a  derrick  to  load  and  unload.  It  can  take  up  and  drop  its 
own  loads  in  a  few  minutes.    Moreover,  the  large  diameter 


HAULING  STRUCTURAL  STEEL  IN   NEW   YORK 
CITY. 

Contributed    by    Knox    Motor    Associates,    Sprin^eld,    Mass. 

The  Goodman  Contracting  Co.  makes  a  specialty  of 
hauling  structural  steel — a  commodity  which,  because  of 
its  weight  and  length,  is  well  calculated  to  test  the  en- 
durance of  motor  equipment.  At  the  present  time  Mr. 
Goodman  is  hauling  this  steel  by  the  tractor  and  trailer 
method, — letting  his  power  plant  serve  as  a  "gasoline 
horse"  which  can  be  attached  and  detached  to  his  loads 
at  will.  The  power  vehicle  selected  by  Mr.  Goodman  was 
a  Knox  tractor.  Mr.  Goodman  considered  that  aside  from 
the  tractor's  ability  to  haul  loads  weighing  from  15  to  20 
tons  the  big  advantage  was  the  saving  of  time.  In  two 
or  three  minutes  the  tractor  can  be  detached  from  the 
swing  truck  semi-trailer  so  that  the  tractor  itself  can 
be  used  with  whatever  type  of  semi-trailer  is  best  adapted 
to  the  particular  load  to  be  moved. 

At  night  the  semi-trailers  are  left  in  the  yard  while 


Special   Truck  for  Hauling   Structural  Steel. 

of  its  wheels  gives  a  distinct  advantage  in  the  reduction 
of  impact  and  also  of  the  traction  required  on  rough 
streets. 

Experience  has  proved  the  tractor  and  trailer  method 
to  be  a  great  saving  over  horse-drawn  trucks.  The  trac- 
tor makes  many  more  trips  per  day  and  negotiates  steep 
grades  without  difficulty.  In  connection  with  apartment 
house  construction  work  the  tractor  has  hauled  10  and 
15-ton  loads  from  the  96th  Street  dock  to  West  End  Ave. 
The  Highway  Department  of  New  York  City  states  that 
158th  Street  hill  is  an  8.17  grade — over  8  ft.  rise  per  100 
ft. — which  is  a  severe  test  for  a  15-ton  load. 

Summing  up  his  views  on  the  tractor  and  semi-trailer 
method,  Mr.  Goodman  says :  "We  find  that  the  tractor  will 
handle  work  we  would  not  dare  put  on  a  truck.  It  is  easy 
to  manipulate  in  heavy  traffic,  and  no  matter  how  heavy 
the  load  or  how  steep  the  hill  there  is  always  power  plus. 
We  can  say  without  hesitation  that  this  method  of  haul- 
ing our  structural  steel  has  greatly  increased  the  produc- 
tivity of  our  equipment. 


SOME  COMPARATIVE  TESTS  OF  WIRE-CUT-LUG 
AND  REPRESSED  PAVING  BRICK. 

Contributed   Ijy  \Vm.   A.   Goss.* 

Paving  brick  commonly  have  projections  or  lugs  upon 
their  sides,  the  object  ,of  which  is  to  produce  separation 
between  the  brick  courses  in  a  pavement,  and  make  it 
possible  to  pour  an  elastic  or  grout  filler  into  the  cracks. 
The  essential  difference  between  wire-cut-lug  and  re- 
pressed pavers  lies  in  the  method  of  forming  these  lugs. 
Those  on  the  wire-cut-lug  brick  are  made  by  using  a 
special  type  of  wire-cutter,  which  operates  through  de- 
flecting plates,  cutting  ridges  or  lugs  upon  the  joint  face 
of  the  brick.  Those  on  the  repressed  are  formed  by  re- 
molding under  pressure,  using  special  molds  shaped  to 
form  knobs  on  the  joint  face.  Repressing  is  commonly 
believed  to  produce  a  partial  rearrangement  in  the  in- 
ternal structure  to  the  brick.     It  is  the  purpose  of  these 


♦Employed  l)v  F.   J.   Bachelder.   Consulting  Engineer  un  work  with 
tlie  Chicago  Traction  and  Subway  Commission.     . 
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tests  to  determine  what  effect  this  change  in  structure 
has  upon  their  quality. 

These  tests  were  carried  on  in  the  testing  laboratory 
at  the  University  of  Wisconsin  during  the  winter  and 
spring  of  1915.  All  brick  used  in  the  tests  were  obtained 
at  the  same  plant  in  order  that  there  might  be  no  differ- 
ence in  the  materials  from  which  they  were  made.  Care 
was  taken  to  select  brick  from  the  same  part  of  the  fur- 
nace, in  order  that  difference  in  degree  of  burning  might 
not  affect  the  results. 

Standard  abrasion  tests,  made  on  both  types  of  brick, 
gave  the  results  shown  in  Table  I.  They  show  that  both 
types  of  brick  have  equally  good  abrasive  qualities. 

TABLE    I.— STANDARD    ABRASION  TESTS. 
Weights  of  brick. 
Sample                                              Original.       Final.  Loss  in  weight. 

No.  Tvpe  o£  bricli.  Lb.  Lb.  Lb.         I'er  cent. 

1         Repressed     89.50  73.44  16.06  IS. 6 

*2         Repressed     S9.8S  72.62  17.26        .     19.2 

Average    18.90 

1  Wire-cut-lug     92.75  75.06  17.69  19.1 

2  AVire-cut-lug     92.50  75.12  17.38  18.8 

Average    18.95 

•One  brick  broken. 

Abrasion  tests  were  also  made,  which  were  standard 
in  every  respect,  except  that  the  rattler  was  stopped  at 
regular  intervals  and  weights  taken.    This  was  done  in 


An  e.xamination  of  these  curves  shows  a  more  rapid 
wear  on  the  wire-cut-lug  brick  during  the  first  150  revo- 
lutions than  on  the  repressed  brick.  During  the  next 
300  revolutions  the  wear  on  the  repressed  brick  is  most 
rapid,  while  during  the  remainder  of  the  test  there  is  lit- 
tle difference  in  wear  on  the  two  kinds  of  brick.  The  more 
rapid  wear  at  the  beginning  of  the  test  is  expected,  for  it 
is  natural  that  the  sharp  edges  of  the  wire-cut-lug  brick 
should  wear  faster  than  the  round  edges  of  the  repressed. 
That  they  do  not  wear  as  rapidly  during  the  next  few 
hundred  revolutions,  indicates  that  the  surface  of  the 
wire-cut-lug  brick  is  tougher  than  that  of  the  repressed. 

Standard  absorption  tests  made  on  both  rattled  and 
half  brick  gave  the  results  in  Tables  III  and  IV,  and 
curves  plotted  from  these  results  are  shown  in  Fig.  2. 

The  first  thing  evident  from  these  results  is  that  the 
rattled  brick  do  not  absorb  water  as  fast  as  the  half 
brick.  The  large  amount  of  fine  dust  which  is  produced 
during  the  rattler  test  tends  to  fill  the  pores  in  the  brick, 
and  to  retard  absorption. 

The  tests  on  half  brick  indicate  better  what  may  be 
expected  when  brick  are  exposed  to  the  weather  in  a 
pavement.  The  absorption  during  the  first  half  hour  of 
the  test  is  considerably  greater  for  the  repressed  brick 
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Fig.   1 — Curves  Showing   Progressive   Loss  of  Wire-cut-lug  and   Re- 
pressed   Brick   in   the    Rattier. 


Fig.    2 — Absorption    Curves    for    Rattled    and     Half    Brick.    Comparing 
Qualities   of   Repressed   and   Wire-cut-lug   Pavers. 


order  to  determine  the  manner  in  which  the  losses  pro- 
gress during  the  rattler  test.  The  results  of  this  test  are 
given  in  Table  11,  and  curves  plotted  from  these  results 
are  shown  in  Fig.  1. 


TABLE  II.— PROGRESSIVE  LOSS  IN  THE 
Sample  Revolution  Weights 

No.  Type  of  brick.       weighed  at.     brick. 


Repressed 


Repressed 


Wire-cut-lug 


Wire-cut-lug 


Initial 

150 

450 

750 

1.050 

1.350 

l.SOO 

Initial 

232 

450 

750 

1,050 

1.350 

l.SOO 

Initial 

150 

450 

750 

1,050 

1.350 

l.SOO 

Initial 

150 

450 

750 

1.050 

1.350 

l.SOO 


•One  brick  broken  in  last  450  revolutions. 


89.56 
85.31 
80.00 
77.37 
75.50 
73.S8 
71.56 
89.94 
84.00 
81.81 
79.94 
78.06 
76.56 
74.19 
93.00 
8S.25 
83.69 
81.37 
79.31 
77.50 
75.06 
92  94 
87.50 
83.88 
81.31 
79.56 
77.50 
74.50 


R.\TTLER. 
Loss  in  weight. 
Lb.        Per  cent. 


4.25 

4.7 

9.5G 

10.7 

t 

12.19 

13.6 

15.7 

14.06 

15.68 

17.4 

18.00 

20.3 

5.94 

6.6 

6 

8.13 

9.0 

Z 

10.00 

11.1 

11.88 

13.2 

S 

13.38 

14.9 

15.75 

17.5 

4.75 

5.1 

1 

.9.31 

10.0 

9 

11.63 

12.5 

3 

13.69 

14.2 

4 

15.50 

16.7 

6 

17.94 

19.3 

5.44 
9.06 
11.63 
13.38 
15.44 
18.44 


5.8 
9.8 
12.5 
14.5 
16.6 
19.9 


than  for  the  wire-cut-lug.  This  indicates  that  the  pore 
spaces  in  the  repressed  brick  are  larger  and  more  readily 
penetrable  than  those  in  the  wire-cut-lug.  The  final  ab- 
sorption of  the  repressed  brick  is  greater  than  that  of 
the  wire-cut-lug,  and  indicates  that  the  latter  have  not 
as  great  a  percentage  of  pore  space,  and  that  they  are 
of  a  more  dense  structure  than  the  repressed  brick. 

Specific  gravity  tests,  made  on  the  half  brick  used  for 
the  absorption  tests,  gave  the  results  in  Table  V.     The 

T.ABLE    111.— ABSURI'TJU.X    TE.STS    OX    R.\TTLED    BRICK. 


Weight  in  lb.  after         Per  cent  Absorption 
Immersion  for —  after — 


^                   c:  ^  ^  T,  ^        S 

Repressed     7.46  7.55  7.59  5.69  7.72  1.206 

Repressed    6.99  7.03  7.04  7.06  7.09  0.572 

Repressed    7.50  7.57  7.61  7.70  7.74  0.934 

Repressed   7.5S  7.62  7.66  7.71  7.75  0.522 

Repressed    7.37  7.42  7.45  7.50  7.53  0.675 

Average     0. 704 

Wire-cut-lug     ..705  7.08  7.10  7.14  7.19  0.266 

Wire-cut-lug     ..   7.64  7.68  7.74  7.79  7.S5  0.523 

Wire-ciit-lug     ..   7.56  7.60  7.66  7.71  7.73  0.52S 

Wire-cut-lug     ..   7.S2  7.S7  7.95  7.99  8.03  0.641 

Wire-cut-Iug     ..   7.57  7.59  7.61  7.65  7.68  0.264 

Average     0.444 


1.742 

3.084 

3.486 

0.715 

1.002 

1.431 

1.467 

2.667 

3.201 

1.056 

2.246 

2.245 

1.083 

1.763 

2.172 

1.213 

2.132 

2.507 

0.704 

1.276 

1.973 

1.308 

1.963 

2.750 

1.323 

1.985 

2.250 

1.662 

2.173 

2.683 

0.528 

1.053 

1.453 

1.105     1.690     2.222 
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TAULE  IV.— ABSORPTION  TESTS   ON  HALF  BRICK. 

Weight  In  lb.  after  Per  cent  absorption 

S  immersion  for —  after — 

S    Type  of  brick. 

c  .  u         .        c        u  C  .  u  i: 

1  Repressed  4.72  4.7S  4.79  4. S3  4.S4  1.271  1.4S2  2.330  2.541 

2  Reprcs.-ied  4.05  4.72  4.74  4,80  4.81  1.505  1.93:)  3.227  3.411 

3  Repressed  3.f.4  3.9S  4.02  4.07  4.09  1.013  2.032  3.303  3. SOS 

4  Repressed  4.75  4.81  4.84  4.8S  4.90  1.2G2  2.S94  2.735  3.15S 

5  Repressed  4.66  4.71  4.72  4.75  4.77  1.073  1.2S8  1.933  2.362 

Averaire     1.225  1.726  2.707  3.062 

1  Wire-ciit-lug  ..   4.41     4.47     4.49     4.52     4.55  1.362  1.S15  2.497  3.179 

2  Wire-ciit-lug  ..   4.78     4.83     4,87     4.90     4.91  1.047  1.S82  2.512  2.722 

3  Wire-cut-lug:  ..   4.32     4.37     4.38     4.40     4.43  1.157  1.38S  1,S4S  2,650 

4  Wire-cut-lug  ..   5.43     5.49     5.50     5.54     5.56  1.252  1.290  2.028  2.395 

5  Wire-cut-lug-  ..   4.79     4.83     4.85     4.89     4.91  0.S35  1.252  2.087  2.502 

Avraye 1.131     1.525     2.194     2.670 

TABLE  v.— SPECIFIC   GRAVITY  TESTS. 

, Weights  in  lb. ., 

Sample.  Under  Specific 

No.                  Type  of  brick.               Dry.          Wet,  water,  gravity. 

1  Repressed    4,72             4.84  2.77  2.279 

2  Repressed    4,65             4.81  2.76  2.318 

3  Repressed    3.94             4.09  2.35  2.265 

4  Repressed   4.75             4.90  2.83  2.294 

5  Repressed    4.66            4.77  2,72  2.322 

Average    2.296 

1  Wire-i-ut-Un  4.41  4.55  2.62  2.282 

2  Wire-cut-lug  4.78  4.91  2.77  2.234 

3  Wire-cut-lus-  4.32  4.43  2.51  2.250 

4  Wire-cut-lug  5.43  5.46  3.14  2.242 

5  Wire-cut-lug  4.79  4.91  2.75  2.208 

.\verage     2.213 

repressed  brick  have  a  slightly  higher  specific  gravity, 
which  means  that  the  solid  matter  in  the  repressed  brick 
weighs  more  per  unit  volume  than  that  in  the  wire-cut- 
lug.  This  difference  is  slight,  however,  and  might  easily 
be  caused  by  the  method  of  repressing,  for  the  pressure 
used  in  repressing  is  probably  sufficient  to  condense  that 
portion  of  the  brick  at  the  surface,  and  cause  it  to  have 
a  slightly  higher  specific  gravity  than  the  inner  part  of 
the  brick. 

Standard  cross-bending  tests,  made  on  the  two  types 
of  brick,  gave  the  results  in  Table  VI.  These  results  favor 
the  repressed  brick,  and  are  explained  by  a  considera- 

TABLL    VI.— CROSS-BENDING   TESTS. 

Sample.                                          Dimensions,  in  inches.     Load.  Modulus  of 

No.            Type  of  brick.        Width.    Depth.   Span.        in  lb.  rupture. 

1  Repressed     3.35           3. S3           7             7.990  1.70S 

2  Repressed     3.33           3.95           7             S.390  1.699 

3  Repressed     3.40           3.90           7            8.000  1,621 

4  .Repressed     3.30  3.90  7  10,720  2,242 

5  Repressed     3.45  3. SO  7  9.280  1.935 

Average     1.S41 

1  Wire-cut-lug     3.65  3.S7  7  7.76U  1,4SS 

2  Wire-cut-lus     3.62  3.87  7  7.530  1.457 

3  \^'ire-cut-lug     3.62  3.76  7  7,380  1.510 

4  Wire-cut-lug     3.62  3  90  7  8.510  1.617 

.">         Wire-cut-lug     3. GO  3.80  7  7.2S0  1.435 

Average     1,501 

tion  of  the  manner  in  which  the  repressing  is  done.  The 
brick  are  placed  flatwise  in  the  repress  molds,  and  the 
pressure  is  exerted  vertically,  tending  to  change  the  in- 
ternal structure  and  to  produce  planes  or  laminae  of 
strength  perpendicular  to  the  direction  of  pressure.  An 
e.xample  of  the  results  of  this  kind  of  action  is  found  in 
the  formation  of  slate  and  shale,  only  that  in  their  case 
the  pressure  is  many  times  greater,  and  the  process  of 
forming  planes  is  carried  to  a  far  greater  degree  of  com- 
pletion. These  planes  or  laminae  would  add  to  the 
strength  of  the  brick  when  tested  in  a  direction  at  right 
angles  to  that  in  which  they  were  orginally  formed.  As 
this  was  the  direction  of  the  force  in  the  tests,  the  re- 
sults obtained  are  such  as  to  be  expected. 

Compression  tests,  made  on  both  types  of  brick,  gave 

T.ABLF,    VII,— COMPRESSION    TESTS. 

Dimensions  in  Compressive 

Sample    Type  of                        inches.  I  oad  at  strength    in 

No.          brick.                 Width.    Length,  failure.  Ihs.  per  sq.  in. 

1  Repressed                 3.30           4.30  8S.000  6  190 

2  Repressed                 3.40            4.50  138,500  9!o60 

3  Repressed                   3.30            4.40  104.000  7  ISO 

4  Repressed                 3.35           3,90  S7.500  6  6S0 
r.       Repressed                 3.30           4.30  158.000  11,130 

Average    s  050 

1  Wire-cut-lug           3. .50            4.30               126.0011  ^' ^o(\ 

2  Wire-cut-lug           3  60            4.50               154,000  9  510 

3  Wire-cut-lug           3.50           4.00               1O3.50O  7  390 

4  Wire-cut-lug           3.50           3.70               150.500  ]]  6.S0 

5  Wire-cut-lug           3.60           4.40               111,500  7.060 

Average    s.SlO 


the  results  in  Table  VII.  These  favor  the  wire-cut-lug 
brick,  and  indicate  that  the  arrangement  in  the  internal 
structure  of  the  brick,  due  to  repressing,  has  reduced 
the  internal  cohesion,  and  the  strength  as  a  result.  This 
test  is  not  of  great  value  for  comparing  the  brick,  as 
the  other  components  of  a  brick  pavement  would  always 
fail  long  before  the  crushing  strength  of  the  brick  was 
reached. 

Shear  tests  were  made,  using  a  single  shear  method. 
The  brick  were  clamped  firmly  in  a  fixture  in  such  a  man- 
ner that  one  end  of  the  brick  projected  about  an  inch.  A 
vertical  pressure,  exerted  upon  this  projecting  end,  was 
continued  until  failure  took  place.  The  results  of  this 
test  are  shown  in  Table  VIII,  and  there  is  practically  no 
difi'erence  between  the  brick. 


TABLE  VIII.- 

-SINGLE  SHEAR  TESTS 

Dimensions 

Shearing 

Sample   Type  of 

m 

nches. 

Load, 

strength   in 

No. 

brick. 

Width 

Depth. 

lb. 

lbs.  per  sq.  in. 

1 

Repressed 

3.30 

3.90 

21.700 

1,689 

2 

Repressed 

3.35 

3.75 

21.300 

1,698 

3 

Repressed 

3.40 

4,80 

16,800 

1,301 

4 

Repressed 

3.35 

4,40 

13,200 

985 

5 

Repressed 

,V\"era2e    . 
Wire-cut-lug 

3.45 

3,85 

20.100 

1,516 

.    .       1  438 

1 

3.60 

3,75 

22.700 

1.682 

2 

"V\  Ire-cut-Iug 

3.60 

3,95 

17.100 

1,202 

3 

Wire-cut-lug 

3.60 

3,80 

20.200 

1,477 

4 

Wire-eut-lug 

3.55 

3,88 

17.600 

1.304 

.1 

W  ire-out-Iug 
Average    . 

3.60 

3,75 

18.300 

1,375 

1  404 

Impact  tests  were  made,  using  the  "Russel  Impact  Ma- 
chine." This  machine  consists  of  a  cast  iron  pendulum, 
free  to  swing  within  a  supporting  frame,  and  having  a 
graduated  arc  for  measuring  the  angle  of  swing.  An 
initial  angle  was  determined  by  trial,  dropped  from 
which  the  pendulum  would  just  break  the  brick.  An  8- 
in.  span  was  used  and  the  initial  and  final  angles  were 
recorded  for  each  specimen  broken.  The  results  are  cal- 
culated in  terms  of  the  energy  of  rupture  consumed  in 
breaking  the  brick.  These  results  are  given  in  Table  IX, 
and  are  decidedly  in  favor  of  the  repressed  brick.     They 


indicate  that  the  repressed  brick  are  tougher  than  the 
wire-cut-lug,  and  substantiate  the  results  obtained  in  the 
cross-bending  tests.  They  are  to  be  explained  because 
of  the  structure  of  the  brick,  as  was  the  case  in  the  cross- 
bending  results. 

The  determinations  arrived  at  as  a  result  of  these  tests 
are  that  the  wire-cut-lug  bricks  have — 

1.  Better  abrasive  and  wearing  qualities. 

2.  Greater  density.    - 

3.  Greater  crushing  strength. 
The  repressed  brick  have 

1.  Greater  weight  per  unit  volume. 

2.  Greater  toughness. 

An  examination  of  the  various  tests  shows  in  addition 
that  the  wire-cut-lug  brick  are  of  more  uniform  quality 
than  the  repressed. 

The  tests  show  that  both  types  of  the  brick  tested  were 
of  good  quality  for  paving  purposes.  Either  brick  is 
plenty  strong  and  tough  enough  for  use  in  a  pavement. 
The  difference  in  wearing  qualities  and  in  uniformity  are 
the  most  important  determinations  of  these  tests,  and  in 
these  characteristics  the  wire-cut-lug  brick  have  shown 


TABLE    IX, 

—IMPACT    TESTS. 

Dimensions 

in 

Ener 

gy  of 

.-■ 

inches. 

rupture  in — 

Q 

Q 

02 

o 

^ 

be 

<U 

o 

be 

c 
ci 

Z 

0. 

a 

71 

S 

"rt 

£ 

^.  c 

H 

fe 

2. 
CO 

= 

E 

= 

£g 

1 

Repressed 

3,35 

3.87 

s 

30°  09' 

12°  21' 

463 

4.47 

9 

Repressed 

3,38 

3.90 

8 

30°  17' 

18°  18' 

3.50 

3.32 

3 

Repressed 

.!.35 

3.98 

S 

30°  30' 

10°  21' 

472 

4.43 

4 

Repressed 

3  38 

3.97 

8 

30°  IS' 

20°  37' 

294 

2.74 

a 

Repressed 

3,(2 

3.87 

8 

30°  02' 

19°  28' 

335 

3.07 

6 

Repressed 

3.39 

3.93 

8 

30°  3S' 

12°  31' 

470 

4.41                   J       1 

Avera.ge 

3.73 

1 

Wire-cut-lug 

3.10 

3.81 

S 

21°  00' 

G°  30' 

246 

2.35 

2 

^^■ire-cut-lug 

3.64 

3.87 

8 

20°  27' 

3°  42' 

253 

2.22 

3 

Wire-cut -lug 

3.66 

3. 82 

8 

19°  42' 

4°  47' 

228 

2.04 

4 

Wire-cut-lug 

3.6S 

3.78 

8 

19°  53' 

8°  42' 

188 

1.78 

."t 

Wire-cut-lng 

3.60 

3.90 

S 

24°  23' 

12°  11' 

275 

2.45 

6 

^^"ire -cut-lug 
.Average 

3.71 

3.93 

8 

20°  00' 

5°  OS' 

234 

2.01 
2.13 
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superiority.  This  difference  is  not  marked,  however,  and 
it  would  be  necessary  to  test  out  brick  from  other  plants 
before  one  could  state  just  what  degree  of  difference  ex- 
ists. 

These  tests  were  conducted  by  W.  A.  Goss  and  W.  T. 
Bolton,  assisted  by  the  able  suggestions  of  Prof.  L.  S. 
Smith  and  Prof.  M.  0.  Withey  of  the  University  of  Wis- 
consin. The  Dunn  Wire-Cut-Lug  Brick  Co.  was  very  gen- 
erous in  furnishing  samples,  and  co-operated  with  us  in 
every  way  possible. 


TABLE  I.— DETAILS  OF  ASPHALT  MACADAM  CONSTRUCTION  IN 
LAKE   COUNTY,   INDIANA. 


ASPHALT  MACADAM  CONSTRUCTION   IN  LAKE 
COUNTY,  INDIANA. 

Lake  County,  Indiana,  has  about  600  miles  of  improved 
roads,  a  considerable  number  being  of  asphalt  macadam 
construction.  The  county  is  only  a  few  miles  distant 
from  Chicago,  and  its  highways  furnish  a  direct  connec- 


Section    of    Lake    County    Road. 

tion  with  the  park  boulevard  system  of  that  city.     As  a 
consequence  the  automobile  traffic  is  especially  heavy. 

The  first  asphalt  macadam  road  was  built  by  the  county 
in  March,  1912,  in  North  Township.  The  section  was  a 
trifle  over  1  mile  in  length  and  the  contract  price  was 
$12,964  per  mile.     The  pavement  was  12  in.  thick  and  24 


S/12 5,300  24 
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7/15 3,-34  30' 
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S/15 14. .520=  36» 
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ft.  wide.  One  other  section  also  was  built  in  1912.  The 
county  road  improvement  work  in  1913  and  1914  was 
mostly  macadam  construction.  In  1915,  however,  most  of 
the  work  was  asphalt  macadam.  Some  details  of  these 
roads  and  of  those  constructed  in  previous  years  are  given 
in  Table  L 

The  later  asphalt  macadam  roads  are  generallv  built 
with  a  surface  width  of  20  ft.  and  a  9-in.  surfacing.  Fig. 
1  shows  a  typical  cross-section.     The  pavement  is  laid  in 


two  courses.  The  first  course  consists  of  6  in.  of  either 
slag  or  limestone  broken  in  sizes  of  from  3  in.  to  4  in. 
and  thoroughly  bended  with  screenings  by  rolling.  On 
top  of  this  is  placed  a  3-in.  layer  of  P^-in.  to  2-in.  stone 
which  is  rolled  and  then  the  asphalt  applied  at  the  rate 
this  is  placed  a  layer  of  limestone  screenings  of  the  size 
known  as  roofing  screenings,  and  thoroughly  rolled.  This 
generally  leaves  a  surplus  of  screenings  on  the  road, 
which    is    eventually    removed    by   traffic.     In    a   few    in- 
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stances  there  was  some  variation  from  the  general  system 
outlined  above.  On  South  Broadway,  Gary,  for  instance, 
a  4-in.  wearing  surface  was  laid  and  on  this  2I2  gal.  of 
asphalt  per  square  yard  were  applied.  On  most  of  the 
asphalt  macadam  construction  Standolind  paving  asphalt 
has  been  used. 

On  the  first  work  some  difficulty  was  experienced  in  get- 
ting a  uniform  distribution  of  the  asphalt,  but  this  has 
been  overcome  by  requiring  the  contractors  to  use  a 
mechanical  sprayer,  which  so  far  has  proved  very  satis- 
factory, and  also  is  an  economical  proposition  for  the  con- 
tractor. 

Ray  Seeley  is  county  engineer  and  surveyor  of  Lake 
County. 


ENGINEERING 
AND      CONTRACTING 

leased  or  loaned  to  the  various  townships  under  such 
rules  and  regulations  as  the  Road  and  Bridge  Committee 
may  devise." 

Prior  to  this  time,  a  campaign  had  been  conducted  by 
the  Road  and  Bridge  Committee  of  the  County  Board  and 
the  County  Superintendent  of  Highways  to  show  the  ad- 
vantage to  the  road  improvement  throughout  the  county, 
of  owning  and  operating  such  machinery.  Early  in  the 
year  the  County  Superintendent  of  Highways  recom- 
mended this  step  to  the  Road  and  Bridge  Committee,  with 
whom  the  scheme  at  once  met  with  hearty  endorsement. 
At  the  March,  1915,  meeting  of  the  Supervisors  he  ap- 
peared before  the  whole  board  and  outlined  the  polfcy  to 
them.     A  short  time  later  the  Road  and  Bridge  Committee 


Kane    County    Road    Construction    With    White    Motor    Trucks. 


CUTTING  HAULAGE   COST  IN   ROAD  WORK  TO 
SEVEN  CENTS  PER  TON-MILE.* 


By   G.    N. 


Lamb,   County   Superintendent   of  Highways, 
Kane  County,  Illinois. 


The  Forty-ninth  General  Assembly  passed  a  law  ap- 
proved June  29,  1915,  authorizing  the  County  Boards  of 
Supervisors  to  purchase  machinery  to  enable  counties  to 
assist  the  respective  townships  in  improving,  repairing 
and  maintaining  township  or  district  roads.  Twenty-four 
days  after  this  date  the  Supervisors  of  Kane  County  made 
an  appropriation  of  $20,000  "for  the  purchase  and  nec- 
essary supervision  of  machinery  for  the  building  of  town- 
ship roads,  the  said  machinery  to  operate  under  the  direc- 
tion of  the  County  Superintendent  of  Highways  and  to  be 

•Contributed  by   Ihe  White  Co..  Cleveland.   Ohio. 


made  a  trip  to  Indiana  to  look  at  some  road  construction 
by  machinery  such  as  was  being  considered  suitable  for 
the  Kane  County  work.  '  It  was  next  decided  to  build  a 
demonstration  half  mile  of  roadway  near  the  central  part 
of  the  county,  and  to  accept  the  offer  of  certain  companies 
to  furnish  the  free  use  of  their  machinery  for  its  con- 
struction. This  road  was  built,  and  when  near  comple- 
tion, the  County  Board,  acting  as  a  committee  of  the 
whole,  visited  the  demonstration  and  there  voted  to  make 
the  appropriation,  which  action  was  later  sustained  by 
the  whole  board  by  a  vote  of  30  to  6. 

Selection  of  Machinery. — With  the  fund  at  the  disposal 
of  the  Road  and  Bridge  Committee,  the  problem  then  pre- 
sented itself  of  selecting  the  machinery  that  was  adapted 
to  doing  the  particular  work  which  this  county  most 
needed.     It  was  found  that  79  per  cent  of  the  roads  of 
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Kane  County  had  been  surfaced  with  various  sorts  of 
materials,  ranging  from  cinders  through  gravel  and 
crushed  stone,  to  concrete  or  brick;  and  that  75  per  cent 
of  the  entire  road  mileage  was  gravel.  To  be  of  the  most 
assistance  to  the  townships,  then,  the  required  solution  of 
the  problem  was  to  furnish  the  machinery  which  would 
be  useful  in  building  better  gravel  roads  than  were  pos- 
sible under  the  old  system,  and  at  the  same  time  cheapen 
the  entire  cost  of  construction.  The  machinery  selected, 
therefore,  was  adapted  to  the  production  of  gravel,  prop- 
erly sized,  graded  or  crushed;  to  the  economic  transporta- 
tion of  gravel  over  country  roads  of  all  description,  and 
to  the  proper  formation  of  the  road,  including  the  sub- 
grade  as  well  as  the  finished  surface. 

Apparatus  for  Producing  Road  Metal. — It  was  decided 
to  do  all  hauling  by  means  of  motor  trucks.  To  do  this 
it  became  necessary  to  design  a  portable  gravel  producing 
plant  which  had  a  capacity  exceeding  200  cu.  yd.  per  day, 
and  which  in  loading  the  trucks  would  cause  the  least 
possible  delay.  A  15  cu.  yd.  bin  was  designed  so  as  to 
allow  the  truck  to  drive  underneath  and  receive  its  load 
direct  from  the  bottom  of  the  hopper.  The  bin  is  also 
designed  so  that  in  transportation  it  may  be  lowered  on 
to  the  truck,  the  lower  part  of  the  supports  first  being 
removed  and  placed  in  the  body  of  the  truck. 

On  account  of  the  unusual  height  of  bin  designed  to 
meet  motor  truck  requirements  and  to  avoid  having  an 
apparatus  too  topheavy  for  transportation  it  was  found 
not  advisable  to  have  the  screen  at  its  usual  place  at  the 
top  of  the  bin.  The  screen  itself  was  made  portable  and 
performs  the  following  functions:  First,  it  separates  the 
excess  fine  material,  such  as  dirt  and  sand  less  than  ^s  in. 
in  size,  which  is  conveyed  to  a  waste  pile  by  a  12-in.  30-ft. 
conveyor  belt;  second,  the  gravel  less  than  1^2  in.  in  size 
is  spouted  to  the  elevator  leading  to  the  bin;  third,  the 
gravel  exceeding  P^  in.  in  size  is  directed  through  the 
crusher  and  then  into  the  same  elevator  which  carries  the 
finer  gravel.  The  screen  and  elevator  are  driven  from 
the  crusher,  and  the  crusher  in  turn  by  a  gasoline  tractor. 
An  18-in.  40-ft.  conveyor  belt  carries  the  gravel  to  a 
screen  from  a  hopper  which  is  kept  supplied  from  the  pit 
by  means  of  teams  with  slip  scrapers. 

The  material  fed  into  the  plant  may  be  any  grade  of 
gravel  or  stone  up  to  9  or  10  in.  in  size.  The  finished 
product  is  a  mixture  of  uncrushed  gravel  i.s  in.  to  1^2  in. 
in  size,  and  the  entire  run  of  the  crusher  set  to  crush  to 
1^,2  in.  It  is  found  that  this  product  possesses  excellent 
bonding  as  well  as  wearing  qualities. 

The  maximum  or  minimum  size  of  the  entire  product 
may  be  regulated  by  varying  the  size  of  openings  in  the 
screen  and  crusher. 

Transportation. — A  motor  truck  with  a  capacity  of  5 
cu.  yd.  is  provided  for  the  hauling.  The  truck  has  steel 
tires  10  in.  wide  in  front  and  20  in.  wide  in  the  rear. 
This  makes  a  very  suitable  arrangement  for  hauling  over 
the  extremely  soft  ground  such  as  was  encountered  in 
the  past  season's  work.  A  5-ton  trailer  also  forms  a 
part  of  the  outfit  and  is  suitable  for  use  where  the  hauls 
are  long  and  the  roads  are  in  condition  to  sustain  the 
heavy  loads. 

Spreading. — The  load  on  Ihe  truck  is  discharged  from 
the  rear.  The  storage  body  is  first  tilted,  then  as  the 
truck  moves  forward  the  end  gate  is  swung  open  and  the 
gravel  is  evenly  distributed  along  the  subgrade.  The 
trailer  has  a  bottom  dump  arrangement  operated  by 
means  of  a  lever  and  the  spreading  is  accomplished  by 
pulling  the  trailer  ahead  as  the  gravel  is  discharged.  All 
the  operations  of  discharging  the  truck  and  distributing 
the  load  are  accomplished  from  the  driver's  seat.  An 
extra  man  is  required  to  discharge  the  trailer.  When 
both  vehicles  are  used  the  trailer  is  discharged  first,  then 
detached;  the  truck  discharged,  and,  after  turning  around, 
hitches  again  to  the  trailer  at  reverse  end. 

Rolling. — The  rolling  is  accomplished  by  the  steel  tires 
of  the  motor  truck.  The  combined  weight  of  the  truck 
with  a  load  of  5  cu.  yd.  is  about  28,500  lbs.,  with  70  per 
cent  on  the  rear  wheels.  This  gives  about  500  lbs.  for 
each  inch  of  rear  tire  width.     The  wheels  are  tapered; 
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that  is,  the  surfaces  are  pitched  1%  in.  so  as  to  allow  for 
properly  crowning  the  road  surface.  The  hauling  is  all 
done  over  the  road  metal  as  the  depositing  progresses  and 
thus  no  cost  of  labor  is  required  for  the  rolling.  The 
driver  must  see  to  it  that  as  the  hauling  is  done  all  por- 
tions of  the  road  are  thoroughly  rolled.  It  has  been  found 
advisable  to  deposit  the  material  in  two  layers  so  that 
any  unevenness  which  develops  after  the  first  rolling  may 
be  remedied  when  the  second  course  is  applied.  In  addi- 
tion to  the  advantages  to  the  road  construction,  it  may 
be  added  here  that  the  earth  or  gravel  roads  over  which 
the  hauling  is  done  may  be  markedly  improved  or  "ironed 
out"  by  the  judicious  driving  of  the  steel-tired  truck. 

Grading. — The  grading  outfit  consists  of  a  40-80  hp. 
gasoline  tractor,  a  scarifier  and  a  12-ft.  blade  grader. 
This  machinery  may  be  used  for  preparing  the  road  bed 
for  the  gravel  surface,  or  it  may  be  used  independently 
for  the  improvement  of  earth  roads.  In  this  capacity, 
some  excellent  results  were  secured  during  the  three 
months  in  which  it  was  in  operation.     It  was  found  that 
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Loading    Truck    From    Storage    Bins. 

the  tractor  not  only  has  power  to  pull  the  3^  2-ton  12-ft. 
grader,  but  that  a  second  grader  might  be  attached  and 
thereby  increase  the  efficiency  of  the  outfit.  As  an  aux- 
iliary to  the  grading  outfit  the  motor  truck  has  been  used 
successfully  as  the  tractive  power  for  both  scarifier  and 
grader  in  tearing  up  old  gravel  roads  and  reshaping  the 
subgrade  prior  to  resurfacing  with  gravel. 

Administration. — No  rental  is  charged  to  the  townships 
for  the  use  of  the  machinery,  it  being  required  to  pay 
merely  the  operating  expenses.  The  men  operating  the 
machines  are  regarded  as  county  employes  and  work 
under  instructions  from  the  County  Superintendent  of 
Highways.  The  men  are  paid  weekly  from  a  fund  de- 
posited in  a  local  bank  at  the  county  seat  in  the  name  of 
"Kane  County  Highway  Department."  The  fuel,  oil  and 
supplies  are  also  supplied  by  the  same  fund.  At  the  end 
of  each  week  a  statement  is  sent  to  the  township  showing 
an  itemized  account  of  the  week's  expenditures  by  the 
county  department  for  labor,  gasoline,  oil  and  other  sup- 
plies. As  the  remittances  are  received  from  the  town- 
ships the  fund  at  the  bank  is  replenished.  The  weekly 
statements  do  not  include  such  items  of  labor,  teams  or 
supplies  as  are  furnished  directly  by  the  township. 

In  order  to  keep  a  correct  record  of  all  cost  data,  daily 
postal  card  reports  are  made  out  by  the  man  in  charge 
of  this  outfit  and  mailed  to  the  office  of  the  County  Super- 
intendent of  Highways.  The  card  shows  the  distribution 
of  labor  and  other  expense  of  the  total  day's  work,  includ- 
ing men,  teams,  etc.,  furnished  by  the  township.  The 
data  on  the  cards  is  transferred  to  a  book  of  cost  data 
and  the  cards  filed  for  further  reference. 
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Costs. — The  outfits  have  not  been  long  enough  in  use 
to  enable  us  to  give  accurate  data.  In  one  township  the 
cost  of  grading  1.6  miles  of  road  amounted  to  $43.25  per 
mile.  The  cost  of  loading,  screening  and  crushing  gravel 
in  one  location  was  about  |8.90  per  day,  or  45  ct.  per  cubic 
yard.  In  another  location  it  amounted  to  |17.87  per  day, 
or  26  ct.  per  cubic  yard;  the  variation  being  due  to  the 
length  of  haul.  The  cost  of  hauling  gravel  with  the  truck 
in  one  location  amounted  to  about  $7  per  day,  or  51  ct. 
per  cubic  yard,  which,  when  computing  the  distance 
hauled  (5  miles)  was  10  ct.  per  yard-mile,  or  7  ct.  per 
ton-mile.  In  another  location  it  amounted  to  $7.99  per 
day,  or  11  ct.  per  cubic  yard,  which,  when  computing  the 
distance  (.1  mile)  was  11  ct.  per  yard-mile,  or  7  ct.  per 
ton-mile. 

The  various  machines  described  were  secured  from  the 
the  following  manufacturers:  The  motor  truck  from  the 
White  Company,  Cleveland,  Ohio;  5-ton  trailer  from  the 
Troy  Wagon  Works  Co.,  Troy,  Ohio ;  the  .grader,  scarifier, 
sprinkler  wagon  and  flusher  from  the  Austin  Western  Co., 
Chicago,  111. ;  gas  tractors  from  the  Avery  Co.,  Peoria,  111., 
and  the  gravel  handling  machinery  from  the  Stephens- 
Adamson  Co.,  Aurora,  111. 


AUTOMOBILES     FOR     SUPERINTENDENCE     OF 

AND  EMERGENCY  DELIVERY  SERVICE  FOR 

CONSTRUCTION  W  ORK. 

Conti-ibv.letl  ly  the  Willys-Overland  Co..  Toledo,   Ohio. 

Interesting  facts  regarding  the  use  of  motor  cars  and 
motor  trucks  in  the  engineering  contracting  business  are 


ENGINEERING 
AND     CONTRACTING 

The  Bentley  company  introduced  the  automobile  into 
their  business  in  1910,  when  they  bought  two  Overlana 
cars,  a  pleasure  car  and  a  coupe.  Today  they  have  in 
use  a  fleet  of  14  pleasure  cars  and  6  light  delivery  cars, 
operating  in  the  city  of  Toledo  alone.  The  pleasure  cars 
are  used  by  their  division  superintendents  and  job  super- 
intendents, who  are  traveling  from  job  to  job  and  from 
job  to  company  headquarters  practically  all  of  their  time. 

"There  is  no  question  about  it;  we  consider  both  the 
automobile  and  the  light  delivery  truck  absolute  neces- 
sities in  our  business,"  said  Mr.  L.  S.  Hillebrand,  Secre- 
tary-Treasurer of  the  company,  in  a  recent  interview. 

"We  would  no  more  think  of  conducting  business  with- 
out the  automobile  and  the  delivery  truck  than  discon- 
tinuing our  telephone  service. 

"The  greatest  advantage,  or  course,  is  speed.  Before 
we  adopted  automobiles  for  this  work  we  supplied  our 
superintendents  with  horses  and  buggies.  We  were  not 
long  in  discovering  that  a  man  with  a  car  could  give 
attention  to  four  times  as  much  work — and  give  each 
job  closer  attention. 

"And  the  same  thing  applies  with  regard  to  the  light 
delivery  truck.  Every  contractor  knows  that  it  is  the 
delays  due  to  small  shortages  of  material  that  cause  ex- 
pensive holdups — shortages  that  cannot  be  anticipated. 
The  lack  of  a  keg  of  nails,  new  tools,  or  a  few  bags  of 
cement  may  hold  up  a  big  force  of  men.  But  the  light 
delivery  truck  enables  these  shortages  to  be  taken  care 
of  on  such  shoi't  notice  that  delays  of  this  nature  can  be 
almost  entirely  eliminated  and  operating  expenses  greatly 
reduced." 

As  to  operating  costs,  Mr.  Hillebrand  could  not  furnish 


Keeping   Track   of  Scattered   Jobs  With    Willys-Overland    Motor  Trucks. 


furnished  by  the  A.  Bentley  &  Sons  Co.,  Toledo,  Ohio. 
The  business  of  this  company,  while  national  in  scope, 
is  confined  most  particularly  to  Ohio,  Michigan,  Ken- 
tucky and  Indiana.  The  company's  headquarters  are  at 
Toledo,  and  branches  are  maintained  also  at  Dayton,  Ohio, 
and  Louisville,  Ky. 


specific  figures.  "We  do  not  know,"  said  he,  "how  the 
cost  of  operation  of  our  cars  and  light  trucks  would  com- 
pare with  horse-drawn  vehicles.  But  we  do  know  that 
from  a  standpoint  of  efficiency  the  motor  car  is  so  vastly 
superior  to  the  horse  and  wagon  that  its  operating  cost 
must  be,  in  consideration  of  this  fact,  considerably  lower. 
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"With  the  growth  of  our  fleet,  we  established  a  private 
garage,  and  this  is  in  charge  of  a  competent  mechanic. 
All  of  our  cars  are  subjected  to  frequent  inspection.  It 
is  estimated  that  one  car,  the  coupe,  during  the  time  in 
service  traveled  more  than  150,000  miles." 


PORTABLE  WASHING  PLANT  FOR  PREPARING 

AGGREGATES  FOR  CONCRETE  ROAD 

CONSTRUCTION. 

Contributed    by    H.    Colin    Campbell,    6536   Kenwood    Ave..    Chicago.    111. 

Most  engineers  now  realize  the  necessity  for  properly 
selected  and  prepared  aggregates  in  all  concrete  work. 
Probably  no  other  concrete  construction  calls  for  more 
refinements  in  selecting,  preparing  and  using  concrete  ma- 
terials than  does  concrete  pavement  construction.  Bank- 
run  material  as  found  in  the  natural  deposit  rarely  or 
never  contains  fine  and  coarse  materials  (sand  and  gravel) 
in  proper  proportions  for  the  best  concrete.    The  material 


15 


to  a  hopper  which  will  discharge  it  into  suitable  screens 
receiving  water  under  pressure  from  jets  arranged  for 
washing.  From  the  screens  the  material  passes,  usually 
by  gravity,  into  bins,  or,  in  some  cases,  depending  upon 
the  percentage  of  fine  material  in  the  deposit,  may  be  dis- 
charged into  a  settling  tank,  from  which  the  silt-laden 
water  flows  off,  allowing  the  sand  to  settle  and  be  ulti- 
mately discharged  into  a  receiving  bin. 

Excavating  material  includes  stripping  the  deposit  and 
loosening  the  material.  Excavators  are  built  of  various 
types  and  in  several  sizes,  and  ordinarily  are  supplied 
with  buckets  having  capacities  ranging  from  '2  to  21/2 
cu.  yd.  Daily  or  hourly  capacity  of  e.xcavators  depends 
upon  the  span  or  reach  of  the  machine  and  general  effi- 
ciency of  operating  methods.  Clam-shell  and  orange- 
peel  buckets  operated  by  a  derrick  are  used  at  some  pits. 
This  method  of  excavating  is  of  limited  application  be- 
cause not  permitting  great  output,  and  is  therefore  not  al- 
ways most  economical.  Teams  using  scrapers,  either 
wheel  or  drag,  can  also  be  operated  to  strip  the  deposit. 
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Semi-Portable    Gravel    Screening    and    Washing    Plant,    Estimated    Cost    $2,000. 


must  be  screened  and  reproportioned  in  correct  volumes 
to  secure  maximum  elimination  of  voids,  and  may  also 
require  washing  to  remove  objectionable  matter  such  as 
clay  or  loam.  Sand  and  gravel  are  quite  uniformly  dis- 
tributed throughout  the  country,  and  concrete  road  con- 
tractors could  more  often  than  they  do  make  a  nearby 
deposit  suited  to  the  requirements  of  concrete  pavement  if 
convenient  facilities  for  screening,  and  in  some  cases 
washing  materials  were   available. 

For  this  reason,  the  accompanying  plans  which  repre- 
sent a  design  for  gravel  screening  and  washing  plant  and 
details  of  bins  will  no  doubt  be  of  interest.  This  design 
has  been  worked  out  with  the  particular  object  in  view 
of  making  the  construction  as  nearly  portable  as  pos- 
sible. The  general  routine  of  preparing  sand  and  gravel 
for  concrete  aggregate  is  made  up  of  several  successive 
steps,  first  of  which  consists  of  locating  a  deposit;  next, 
in  stripping  the  deposit  if  necessary  to  remove  over-lying 
soil  (unless  the  deposit  may  be  worked  directly  out  of 
face,  which  is  rarely  possible  without  stripping).  Aggre- 
gates may  often  be  obtained  from  river  beds.  After  ex- 
cavated, the  material  must  be  transported  and  elevated 


For  plants  of  large  CcVpacity,  excavating  is  perhaps 
best  accomplished  by  using  steam  shovels  equipped  with 
buckets  having  a  capacity  of  from  1'^  to  2'::  cu.  yd.  These 
machines  excavate  the  material  from  the  deposit  and  load 
into  hopper-bottom,  or  standard-bottom,  railway  or  indus- 
trial dump  cars,  which  are  hauled  by  industrial  locomo- 
tives to  receiving  hoppers.  For  small  outputs,  traction 
shovels  of  various  types  will  be  found  satisfactory.  A 
locomotive  crane  is  also  efficient  in  many  cases. 

One  of  the  efficient  excavators  in  use  today  is  the  drag 
line  type,  which  can  be  used  for  a  variety  of  conditions. 
For  an  output  not  exceeding  500  yards  per  day  it  is  usual- 
ly very  efficient.  Where  a  deposit  cannot  be  worked  out 
of  face  then  a  clam-shell  or  orange-peel  bucket  may  be 
used,  but  as  already  mentioned,  the  possible  output  will 
be  restricted. 

Excavated  material  may  be  raised  to  the  hopper  of  the 
washing  and  screening  plant  by  any  one  of  several  types 
of  elevators  and  conveyors.  Some  of  the  elevators  are 
self-contained  in  wood  frames  and  are  fitted  with  a  plain 
or  geared  head.  Buckets  are  attached  either  to  rubber  or 
canvas  belts  and  the  speed  of  travel  is   low.     The  con- 
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tinuous  bucket  elevator  requires  but  little  space  for  in- 
stallation, is  of  the  slow-speed  type  and  may  be  adapted  to 
chains,  as  well  as  to  belts.  Belt  conveyors  are  extensively 
used  for  delivering  material  to  the  head  hopper  of  the 
screening  or  washing  plant.  The  conveyor,  like  the  ele- 
vator, receives  material  from  a  track  hopper  into  which 
contents  of  cars  have  been  dumped.  The  belt  extends 
upward  from  the  track  hopper  to  the  head  hopper  at  an 
angle  generally  not  exceeding  22°  with  the  horizontal. 
Under  the  track  or  tail  hopper  an  automatic  feeder  is 
placed. 

Three  different  types  of  feeders  are  in  use:  reciprocat- 
ing, apron  and  revolving.  Reciprocating  feeders  deliver 
material  without  supervision  at  a  uniform  rate,  being 
adjustable  to  meet  the  capacity  of  the  conveyor.  If  a 
reciprocating  feeder  will  not  operate  because  of  the  dis- 
tance the  material  has  to  be  moved  then  an  apron  feeder 
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preparation  of  gravel  and  sand  for  concrete  construction 
has  been  limited.  In  fixing  these  screens  they  are  ar- 
ranged with  an  attachment  that  permits  changing 
the  operating  angle  of  the  surface  so  as  to  best  meet  vary- 
ing conditions  in  the  material  to  be  handled.  Materials 
to  be  screened  and  washed  must  be  distributed  evenly 
across  the  face  of  the  screen  and  at  a  uniform  rate,  also 
vibration,  or  the  reciprocating  motion,  must  be  greater  at 
the  feed  end  than  at  the  discharge  end  because  of  the 
greater   quantity   handled. 

Rotary  screens  may  be  divided  into :  straight-cylin- 
drical, combined  cylindrical-conical  (so-called  because 
embodying  two  principles),  and  the  multiple  conical. 
Cylindrical  screens  are  made  by  attaching  perforated 
metal  or  wire  cloth  to  circular  metal  frames,  the  openings 
being  such  as  to  produce  a  product  of  the  desired  grading. 
These  screens  do  not  size  material  very  satisfactorily  nor 
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Details   of   Semi-Portable   Gravel    Washing    and    Screening    Plant,    Capacity  350  cu.   yd.   Per  Day. 


may  be  used.  The  rate  of  speed  is  even  and  the  power  is 
uniform.  Likewise  the  revolving  feeder  is  satisfactory 
because  of  simplicity  of  installation  and  ease  of  feed 
regulations.  If  the  material  has  been  elevated  to  the 
head  hopper  the  operations  of  screening  and  washing 
(and  crushing  if  necessary)   logically  follow. 

Several  types  of  screens  offer  a  choice  in  equipping  a 
plant  such  as  illustrated.  These  can  be  grouped  under 
the  classifications  of  gravity,  reciprocating  and  rotary. 
The  first  mentioned  is  so  named  because  the  material 
rolls  down  over  its  face  by  weight  alone,  the  screen  being 
fixed.  Generally  speaking  the  gravity  screen  is  not  en- 
tirely satisfactory  because  a  deposit  may  contain  material 
lacking  uniformity,  and  this  method  will  not  produce  the 
separation  nor  cleansing  desired. 

As  regards  sizing  material,  reciprocating  or  vibrating 
screens  have  marked  advantages  over  gravity  types.  In 
spite  of  the  fact  that  they  have  been  used  extensively  in 
coal   and  metal  mining   plants,   their  application   to   the 


do  they  always  accomplish  washing  in  the  best  degree.  In 
comparing  the  several  types  of  rotary  screens,  it  is  only 
fair  to  say  that  the  horizontal-operating  conical  screens 
generally  produce  the  best  results  among  those  of  this 
type. 

To  obtain  materials  properly  sized  for  one-course  con- 
crete street  and  highway  pavement  which  calls  for  a 
washed  gravel  varying  from  Vi  to  1^2  in.  and  a  washed 
sand  grading  from  V4,  to  that  which  will  be  retained  on  a 
No.  100  mesh  screen,  perforations  in  the  screen  in  the 
majority  of  cases  should  be  as  follows:  A  lla-in.  diameter 
for  holes  in  the  first  conical  screen;  the  same  size  in  the 
inner  skirt  or  screen;  and  holes  of  ^s-in.  diameter  in 
the  following  screen. 

In  two-course  pavement  construction  an  additional  size 
of  material  is  required,  lying  either  between  I4  and  \2  in. 
in  grading  or  between  ^i  and  1  in.  To  obtain  this,  the 
material  must  pass  through  a  screen  having  perforations 
1  or  ^  2  in.  in  diameter  and  be  retained  on  a  screen  having 
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5/16-in.  perforations.  Unless  a  very  large  percentage 
of  the  material  lies  between  I4  and  ^2  in.,  or  I4  and  1  in. 
as  it  comes  from  the  pit,  this  intermediate  grading  can- 
not be  performed  in  the  same  operation  that  produces  the 
material  graded  from  ^.4  to  1',  2  in.  Contractors  should  re- 
member that  when  specifications  refer  to  material  re- 
tained on  a  ^4-in.  screen,  the  screen  meant  in  every  case 
is  one  of  the  testing  type  which  is  nothing  more  than 
14-in.  wire  mesh  stretched  on  a  circular  rim  of  small 
diameter.  This  testing  screen  is  held  horizontal  when 
the  material  is  being  tested,  and  hand-shaken  sufficiently 
to  force  all  material  under  I4  in.  through  the  mesh.  There- 
fore, perforations  of  screens  for  use  in  screening  and 
washing  plants  must  be  such  as  will  produce  a  finished 
product  that  will  pass  the  hand-screen  test.  If  speed  of 
travel  is  made  great  enough,  one  can  appreciate  the  fact 
that  material  which  would  otherwise  pass  through  a  %- 
in.  mesh  can  be  made  to  pass  over  it. 
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the  pump  and  the  point  of  discharge,  the  size  of  pipe,  total 
distance  from  the  surface  of  the  water  at  the  suction  end 
to  the  point  where  the  water  is  discharged,  and  the 
pressure  required  at  discharge  outlets.  In  determining 
these  factors,  some  assume  a  discharge  pressure  equal 
to  at  least  30«lb.  per  square  inch  and  a  pipe  varying  from 
4  to  6  in.  in  diameter  for  plants  of  moderate  capacity. 
The  larger  pipe  reduces  friction  head  and  generally  proves 
most  economical.  Pumps  which  have  proved  most  efficient 
are  of  the  centrifugal  type. 

In  many  gravel  pits  large  boulders  are  encountered  and 
in  some  deposits  may  form  a  large  portion  of  the  output. 
Economy  suggests  that  in  such  cases  some  suitable  type 
of  crusher  be  a  part  of  the  contractor's  equipment  to 
utilize  all  product  of  the  excavator. 

The  accompanying  drawings  show  elevation  of  bins, 
screens  and  elevating  mechanism  of  a  sand  and  gravel 
washing  and  screening  plant  having  an  estimated  capacity 
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Successful  operation  of  a  combined  screening  and 
washing  plant  calls  for  a  sufficient  supply  of  water  not 
only  to  remove  silt,  clay  and  similar  foreign  materials  but 
to  assist  in  sizing.  Every  screen  should  therefore  be 
supplied  with  a  separate  water  spray  which  serves  to 
rinse  the  material  as  it  finally  leaves  the  screen.  The 
quantity  of  water  generally  required  to  wash  and  size 
aggregates  thoroughly  as  taken  from  the  pit,  varies  from 
V2  to  1  gal.  per  minute  per  cubic  yard  of  sand  and  gravel 
handled  per  day.  If  the  output  is  to  500  cu.  yd.  per  day, 
the  quantity  of  water  required  will  therefore  vary  from 
250  to  500  gal.  per  minute  at  the  pump.  This  apparent 
wide  variation  in  water  requirements  anticipates  differ- 
€nces  in  the  nature  of  the  sand  and  gravel  encountered. 

In  determining  pump  capacity  it  is  necessary  to  know 
the  quantity  of  water  required,  length  of  pipe  between 


of  350  cu.  yd.  per  day,  with  bins  having  a  capacity  of  22 
cu.  yd.  of  gravel  and  18  cu.  yd.  of  sand,  also  details  of 
hopper  bottom  bins  and  details  of  various  portions  of  the 
construction,  together  with  a  bill  of  material.  This  bill 
does  not  in  every  case  give  the  exact  length  of  each  piece 
required  but  shows  the  number  of  pieces  of  standard 
lengths  necessary.  Screens,  shafts,  sprockets,  pulleys, 
etc.,  can  be  obtained  in  the  open  market  and  in  most  cases 
the  design  can  be  adapted  to  manufacturers'  stock  equip- 
ment. Such  special  castings  as  may  be  necessary  can  be 
obtained  by  submitting  designs  to  a  commercial  foundry. 

Careful  attention  to  details  when  laying  out  material 
will  no  doubt  suggest  short  cuts  of  various  kinds  that 
will  introduce  desirable  economies.  Construction  has 
been  designed  so  as  to  produce  a  plant  that  would  be  as 
nearly  portable  as  possible — entirely  portable,  of  course. 
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when  dismantled  into  the  several  units  of  which  com- 
posed. Bins  may  be  of  timber  or  steel;  if  properly  de- 
signed, either  type  can  be  made  portable. 

The  method  of  charging  the  elevator  will  depend  upon 
conditions  and  upon  the  general  construction  plant  pos- 
sessed by  the  contractor.  The  drawing  shows  team  run- 
ways leading  to  the  hopper,  but  the  hopper  can  also  be 
loaded  by  any  one  of  the  excavating  equipments  already 
briefly  mentioned. 

At  the  time  of  laying  out  the  several  units  or  members 
of  the  plant  or  at  least  when  dismantling  it  for  the  first 
time,  it  would  be  well  to  mark  each  piece  of  the  construc- 
tion in  such  a  way  as  to  make  subsequent  erection  simple. 
Assembly  can  be  largely  performed  by  bolts,  lag  screws 
and  dowels.  Timber  should  be  carefully  selected  for  this 
construction,  be  straight  grained,  free  from  "wind"  and 
any  other  defects  that  will  cause  pieces  to  warp  out  of 
shape  or  otherwise  deteriorate  rapidly  and  thus  permit 
repeated  erection  and  dismantling  of  equipment  with 
greatest  economy  of  expenditure  in  time  and  material. 

BILi.   OF    MATERIAL.   FOR    SEMI-PORTABLE    GRAVEL    PLANT. 
MACHINERY. 
Machinery — 

1  32'-0"  incl.    bucket  elevator — 50  tons   per   hour. 
1  60"  Gilbert  screen,  with  inner  skirt. 
1  54"  Gilbert  screen,   no  inner  skirt. 
1  22'-2  7/16"  turned  shaft   (approx.   length). 
6  fixed  post  bearings. 

1  3'-6"xl  15/16"  dia.   countershaft   (approx   length). 

1  4'-0"x2  7/16"  dia.  countershaft   (approx.   length). 

6  sprockets.   1  spur  gear  and  pinion.      (See  table.) 

70'-0"  S.  B.  R.  2  61"  pitch  drive  chain  (approx.). 

1  pulley,  S"  face,  GO"  dia. 

2  steel  screen  chutes. 

1  wood  steel  hned  head  hopper  chute. 

1  wood  steel  lined  team  hopper. 

1  -S  h.p.    gasoline   engine. 

1  centrifugal  pump  (cap.  300  gal.  per  minute,  disch.  pipe  4"  dia.)  and 

necessary  pipe. 
1   10  h.p.  gasoline  engine  for  pump. 
4  bin  gates — st'd  quadrant — 12"xl6". 
1  grizzly  screen,  1^4"  openings  (4'-S"x5'- 1"). 
FRAMING. 
Sub- frames — 
No.  pes.     Dimensions.     Material.  Bd.  ft. 

-     -  -  -  -  ■  180 

203 

Vellow    pine 144 

96 

216 

400 


2"x6"xl0'-0",    yellow    pine 
S"xS"x4"-2",    vellow   pine 
S"xS"x4'-6" 


60 

4 

12 

16 


S."xS"x9'-0".    yellow    pine. 

S"xl2"x9'-0".    yellow   pine 

S"xl2"xl0'-0",    yellow    pine 

%"x6"   dowels,    stee! 

lbs.   20d.   nails    

%"xl3"    bolts   and   washers 

%"xll',2"   bolts    and   washers 

BINS. 
Floor — 

6  2"x4"x]6'-0",    yellow   pine 

2     2"x4".\12'-0".     yellow     pine 

5     I"x2"xl4'-C".     yellow    pine 

2     2"xl0"x3'-0".     yellov-     pine 

15  2"xl2"xl0'-0".    yeilow   pine 

10  2"xl2"xlS'-0".    yellow   pine 

11  lbs.    lOd.    nails 

Side  Walls — Gravel — 

16  2"x4"x7'-10".     yellow    pine 

20     2"xlO"xl2'-e"    yellow    pine 

9     lbs.    lOd.    nails 

Partition  and  End  Wall — Gravel — 

14     2"x4"x7'-4".    yellow   pine 

16     2"xl2"xl2'-0".    yellow    pine 

7  lbs.    lOd.    nails 

End  and  Side  V^'alls — Sand — 

2"x4"x7'-4".    yellow    pine. 


64 
16 
12 
30 
360 
360 


S3 
400 


74 
384 
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8     2".\12"xl0'-0",    yellow    pine 160 


14     2"x4"x7'-10".     yellow    pine 
20     2"xlO"x]0'-0",    vellow    pine 

IIH-   lbs.   lOd.   nails 

Girts  .and  Posts — 

7     4"x4"xlC'-0".    vellow    pine 
6     6"x6"xl0'-0 
4     6"x6"x20'-0 
4     S-'xS"xl4'-0 
2     8"xS"x20'-0 

4     S"x8"xl2'-0".    yellow   pine 
4C     %"k9M:"   bolts   and   wa.shers 
%"xll"  bolls  and  washers. . 
?(i"xl3V2"  bolts  and  washers 
%"x15V2"  bolts  and  washers 

3"x4"xi-i"   plate    

1"   steel   reds,    lO'-O" 

1"  steel  reds.   ll'-2" 

2     1"   steel  reds,   10'-7",„ 

Top  Frame — 

2  2"x4"x3'-4".  yellow  pine.... 
?"xr."xl2'-0".  vellow  pine... 
2"xfi"xl4'-0",  yellow  pine... 
2"xS'xl2'-0",  yellow  pine. . . 
4"x6"x9'-0".  yellow  pine.... 
4".\G"xl'-9",  yellow-  pine.... 
6"x6"xS'-0".    yellow    pine 


74 
333 


68 

116 

48 

16 

2 

4 


yellow    pine 

yellow   pine 

yellow    pine 

yellow    pine 214 

2.i6 


93 
180 
240 
300 


1     lb.    lOd.    nails 

Bolts  and  Washers — 

6  '^"xS";  6  i,i"xlO";  8  %  'xl5',4" 
Team  Hopper — 


8  %"xl5^i";  4  ?i"xl7^4" 


9 

4"xS"xll'-0 

4 

8"xS"x2'-0" 

4 

8"xS"x7'-0" 

2 

S"xS"xll'-0 

9 

2"xS"xl2'-0 

lbs.    20d.    nails. 


yellow   pine 60 

yellow     pine 43 

yellow    pine 149 

,    yellow    pine , US 

yellow    pine 


144 


Total     6.675 

Estimated   cost  of  plant $2,000.00 


ORGANIZATION  AND  OUTPUT  OF  A  GANG  LAY- 
ING CONCRETE  BASE  FOR  ASPHALT 
PAVEMENT. 

Contributed  by  W.  D.  Jones,  Assistant  Engineer,  Harbor  Department, 
Los   Angeles,    Cal. 

In  paving  a  street  with  6  in.  of  concrete,  1  in.  of  binder, 
and  2  in.  of  asphalt  wearing  surface  at  Los  Angeles  Har- 
bor, California,  the  Fairchilds-Gilmore-Wilton  Co.  of  Los 
Angeles,  contractors  for  the  work,  had  the  following  out- 
put, plant  and  organization  for  one  working  day  of  8 
hours  with  good  clear  running  and  no  important  stops. 


Tamping  and  Waferinq\  Note- 6  Spreaders  for  50' 
Tpo  Street  3  for  24'5f reef. 


1 


4 

12 

2S 
4S 

72 

......  ..'.'.'.'.'.\'.\'.'.'.'.\  144 

C"x6"x9'-0".    vellow   pine lOS 

'      "•            •                    56 

7S 
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6"xS"xl4'-0".    yellow    pine. 

1  6"xl2"xl3'-0",    vellow    pine 

2  S'xlO"x9'-0".    yellow   pine 

'•i"  Bolts  and  AVashers — 

12     G'.'.":  4  11%";  28  IC";  24  13%" 
Settlir.g  Tank— 

6     2"x4"xlO'-0".    vellow   pine 

2     4"\4"xS'-0", 

2     6"x6"x9'-0". 

4     6"xS"x9'-0". 
10     2"xl2"xl4'-0 

1     2"xl2"xl6'-0 


4  1514";   2   ?4"x24". 


yellow    pine 

yellow     pine .^4 

yellow     pine 144 

,    yellow    pine 2S0 

.    yellow    pine 32 


Diagram    of   Gang  Organization. 

The  mix  was  1:3:6  of  cement,  sand  and  crushed  rock, 
respectively,  and  was  mixed  in  batches  by  a  No.  14  Chi- 
cago Street  Paver  having  a  charging  skip  and  a  revolving 
spout  for  discharge.  The  base  on  which  concrete  was  laid 
had  previously  been  prepared  and  stakes  driven  with  tops 
2  in.  under  the  sub-grade  in  order  that  they  might  be 
worked  over.  Planks  2  in.  x  10  in.  were  laid  out  ahead 
and  concrete  materials,  in  quantity  necessary  per  foot  of 
street,  piled  on  these  for  ease  in  shoveling  to  wheelbar- 
rows. Cement  was  piled  alongside  the  street  at  intervals 
necessary  for  handling  to  the  mixer,  as  the  work  pro- 
gressed, by  hand.  Fourteen  wagons  hauled  the  nec- 
essary materials  from  stock  piles  about  ^i  mile  away, 
over  dirt  road.  Occasionally  an  extra  load  had  to  be 
brought  in  close  to  the  mixer  or  one  taken  away  in  order 
to  correct  up  error  in  gaging  the  quantity  necessary,  by 
wagon  loads,  but  as  a  rule  the  measurements  checked  out 
pretty  well.  Two  men  shoveling  into  one  sand  barrow 
and  four  men  into  two  rock  barrows  kept  the  mixer  sup- 
plied with  sand  and  rock,  the  men  taking  turns  at  wheel- 
ing the  barrows  up  the  incline  to  dump  into  charging  skip. 
One  cement  man  fed  mixer  and  his  helper  carried  sacks 
from  the  storage  piles  mentioned  above  to  the  platform 
on  which  he  stood.  One  wagon  with  body  removed,  one 
teamster  and  two  men  were  kept  busy  taking  out  planks 
after  the  mixer  had  passed  over  and  before  they  were 
covered  with  concrete,  and  hauling  them  ahead  and  plac- 
ing them  for  additional  material  as  the  work  progressed. 
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One  man  put  in  and  maintained  the  header  boards  which 
limited  the  edge  of  the  pavement  and  another  was  kept 
busy  between  grading  and  cleaning  up  in  the  wake  of  the 
mixer  and  in  driving  stakes  to  the  grade  of  the  finished 
surface  of  the  street;  this  was  done  by  measuring  up  from 
the  tops  of  stakes  previously  driven  below  subgrade,  all 
stakes  having  been  driven  the  same  distance  below  fin- 
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View   of    Mixer   Goirg    at   Work. 

ished  grade.  One  man  attended  to  the  discharging  spout 
and  three  men  to  leveling  and  working  the  concrete  to 
place  3  in.  below  the  finished  surface  of  the  street.  Three 
men  took  care  of  this  end  when  the  street  was  24  ft.  wide 
or  narrower  but  more  men  were  necessary  in  laying  a 
wider  pavement,  six  being  necessary  on  a  50-ft.  street  as 
shown  in  the  picture,  Fig.  1,  which  was  taken  on  a  day 
when  the  mixer  was  running  a  50-ft.  street,  or  rather  the 
50-ft.  portion  of  this  street,  the  cost  having  been  ob- 
served on  a  24-ft.  section.  One  man  followed  up  after 
concrete  was  fairly  hard  and  roughened  the  surface  of 
the  concrete  with  a  triangular  stamp  in  order  to  give  a 
better  bond  with  the  binder;  he  also  put  up  barriers  and 
wet  down  the  concrete.  In  eight  working  hours  13,000 
sq.  ft.  of  6-in.  base  was  laid  with  this  mixer  and  organiza- 
tion. This  amounts  to  241  cu.  yd.  for  the  day  and  to  1 
cu.  yd.  every  2  minutes.  The  organization  and  cost  sum- 
marized is  as  follows: 

1   foreman   at   S4....- %  4.00 

1   engineer  at   $3.50 3.50 

1  checker  at  $3 3.00 

1  cl.  helper  at  $2.25. 2.25 

14  teams  and  drivers  at  $5 70.00 

6  rock  men  t.t  $2.;.i '...  16.50 

3  sand  men  at  $2.75 8.25 

1  cement   "lan   at   S2.75 2.75 

1  cement   helper  at   $2  50 2.50 

1  header,   boards,  at  $2.30 2.50 

1  team,  driver  and  helper  at  $7.50 7.50 

1  plank   man  at  $2.50 2.50 

1  stake  man  at  $2.50 2.50 

1  spout  man  at  $2.50 2.50 

3  leveling    at    $2.50 7.50 

1  lamp  and  water  at  $2.00 2.00 

Total    labor    $139.75 

241   cu.    yd Per  cu.   yd.       0.5S 

Total  lalv>r  exclusive  of  hauling  material  to  site G9.7.i 

Total  labor  exclusive  of  hauling  material  to  site.... Per  cu.    >-d.       0.29 

The  diagram.  Fig.  2,  shows  distribution  of  organization 
about  the  mixer. 


THE  CLAYTON  COUNTY,  IOWA.  PATROL  SYSTEM 
FOR  MAINTENANCE  OF  DIRT  ROADS. 

An  excellent  patrol  system  of  dirt  road  maintenance  has 
been  in  operation  in  Clayton  County,  Iowa,  for  the  past 
two  years.  Under  this  system  the  county  in  1915  paid 
nearly  21  per  cent  per  mile  less  for  dragging  of  its  roads 
than  the  average  county  in  the  state  In  addition  the 
roads  are  fully  50  per  cent  better  than  they  were  3  years 
ago.  The  system  was  inaugurated  by  Mr.  Edward  B. 
Tourtellot,  county  engineer,  and  is  described  by  him  in  the 
May-June  Service  Bulletin  of  the  Iowa  Highway  Commis- 
sion.   The  following  is  taken  from  the  Service  Bulletin: 

The  patrol  system  covers  the  entire  226  miles  of  county 
road,  the  average  length  of  each  patrol  being  about  10 
miles.  This  length  is  to  be  reduced  this  season  to  about 
7  miles  in  parts  of  the  county  as  it  is  believed  the  cost 
will  be  decreased  by  so  doing.  Less  time  will  be  con- 
sumed in  going  and  coming  to  and  from  work,  which  will 
more  than  offset  the  additional  wage  paid  to  the  patrol- 
man. 
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The  selection  of  the  patrolman  is  with  the  supervisors, 
each  supervisor  attending  to  the  covering  of  the  road  in 
his  district.  Men  of  experience  in  road  work  and  capable 
of  handling  a  gang,  if  necessary,  are  the  type  selected  as 
a  rule,  although  it  is  sometimes  difficult  to  get  the  right 
man.    No  intemperance  is  allowed. 

The  patrolman  is  under  a  written  contract  to  work  for 
the  county  at  the  time  and  place  designated  by  the  board 
of  supervisors  or  the  engineer.  In  the  past  the  patrol- 
man was  required  to  give  a  bond  to  insure  the  care  and 
return  of  tools.  This  year  this  requirement  has  been 
struck  out  as  it  was  considered  unnecessary.  The  average 
price  paid  to  patrolmen  throughout  the  county  is  27',  ■> 
cts.  per  man,  47' j  cts.  per  man  and  team  and  10  cts.  per 
each  extra  horse  per  hour.  Extra  help  is  paid  25  cts.  per 
man  and  45  cts.  per  man  and  team  per  hour.  The  patrol- 
man is  authorized  to  hire  help  for  dragging.  All  road 
tools  are  supplied  by  the  county  and  the  understanding 
is  that  the  patrolman  will  take  reasonable  care  of  these. 
At  the  close  of  the  season  an  inventory  of  all  tools,  sup- 
plies and  road  material  is  made  and  sent  to  the  engineer. 

The  primary  object  of  the  patrol  system  is  to  keep  the 
road  in  passable  condition.  In  addition  to  maintenance, 
the  patrolman  has  charge  of  any  permanent  work,  outside 
of  blade  grader  work,  which  is  done  on  his  patrol.  If 
advisable,  one  or  more  patrolmen  are  called  to  the  assist- 
ance of  another  on  any  work  of  considerable  size,  the 
patrolman  of  that  district  assuming  charge  of  the  work. 
In  no  case  is  dragging  or  emergency  repair  neglected  for 
this  work.  The  patrolman  is  also  used  for  bridge  repair 
work  on  township  roads  in  the  vicinity  of  his  patrol.  For 
counties  doing  day  labor  work  on  culvert  or  bridge  con- 
struction he  will  be  a  valuable  asset.  Not  all  of  the 
patrolmen  depend  on  road  work  for  a  living,  although  sev- 
eral were  employed  who  were  kept  at  work  throughout  the 
season.  A  number  of  the  patrolmen  own  or  rent  small 
tracts  of  land,  and  when  not  employed  in  county  work,  are 
able  to  attend  to  their  own  interests.  They  are,  however, 
under  obligation  to  work  for  the  county  at  any  time  the 
board  of  supervisors  or  engineer  demand  their  services. 

All  maintenance  work  on  the  patrol  system  is  under  the 
inspection  of  the  supervisors  or  the  engineer.  At  the  be- 
ginning of  the  season  a  trip  is  usually  made  by  the  super- 
visor of  that  district  or  by  the  enginer,  in  company  with 
the  patrolman,  and  the  work  of  the  season  outlined.  All 
permanent  work  is  staked  by  the  engineer,  who  superin- 
tends the  construction. 

Weekly  time  sheets  are  used  for  keeping  the  patrol- 
man's time.  Separate  sheets  are  required  for  each  man 
for  each  w-eek.  At  the  end  of  the  week  the  patrolman 
sums  up  his  time  and  transfers  it,  as  a  total  for  the  week, 
to  his  claim.  He  then  sends  the  time  sheet  to  the  engi- 
neer, who  checks  it  and  if  any  mistake  is  found,  returns 
it  for  correction.  In  this  way  any  correction  can  be  made 
before  the  board  meets.  Claim  sheets  are  filled  at  the  end 
of  the  month  and  the  time  shown  must  check  with  the  time 
sheets.  All  time  sheets  are  retained  in  the  engineer's 
office.  On  the  time  sheets  a  space  is  reserved  for  quanti- 
ties of  work  done.  In  this  way  an  accurate  record  of  the 
cost  of  the  work  is  kept,  and  a  comparison  with  other  pa- 
trols can  readily  be  made.  Special  unit  cost  sheets  are  used 
by  the  engineer  for  this  purpose.  Requisition  books  are 
supplied  each  patrolman,  and  no  claim  is  allowed  the 
dealer  unless  a  duplicate  requisition  is  attached.  When 
the  patrolman  pays  cash  for  the  supplies  or  tools,  a  receipt 
from  the  dealer  must  be  attached  to  his  claim. 

The  total  cost  of  dragging  for  1915  was  $5,321.  The 
total  miles  regularly  dragged  were  225,  and  the  average 
number  of  times  dragged  was  42.  This  gives  the  total 
number  of  miles  dragged  for  the  season  as  9,450  or  an 
average  cost  of  56',  2  cts.  per  mile  per  round  trip  compared 
with  the  average  cost  of  71.3  cts.  per  mile  per  round  trip 
for  all  the  counties  of  the  state.  The  dragging  in  most  of 
the  counties  of  the  state  was  let  by  contract.  This  means 
a  saving  of  14.8  cents  per  mile  per  round  trip,  or  multiply- 
ing this  by  9,450,  gives  a  saving  effected  by  Cla.vton 
county  of  $1,400.  This  saving  is,  without  question,  due  to 
the  patrol  system  as  shown  below. 
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The  average  rate  paid  throughout  the  state  per  hour 
for  a  man  and  team  during  the  past  season  was  47', ^  cts., 
the  same  as, paid  for  patrolmen  (this  rate  is  based  on  fig- 
ures obtained  from  engineers  of  various  counties  in  the 
state).  The  time  required  to  drag  one  mile  of  road  per 
round  trip,  is  found  from  actual  experience  to  be  about 
one  hour.  The  average  number  of  horses  used  on  each 
drag  last  season  was  three,  which  means  a  cost  of  47' 2  cts. 
plus  10  cts.  or  57I1.  cts.  per  mile  per  round  trip.  This 
checks  within  a  cent  with  the  average  cost  shown  above. 
If  a  mile  can  be  double  dragged  in  one  hour  with  three 
horses  in  Clayton  county  it  surely  can  be  done  in  any 
other  county  in  the  state,  where  the  average  rate  is  shown 
to  be  71.3  cts.  In  other  words  the  average  county  in  the 
state  is  paying  the  price  of  lU  miles  for  the  dragging  of 
one  mile  of  road. 

From  the  cost  sheets  kept  in  the  engineer's  office  the 
following  unit  costs  for  permanent  work  were  compiled: 

Material  Quantity.  Rate.  Amount. 

Dirt           30,600  cu.  yd.  15«4  ct.  $4  745.00 

Rocl(   1.520  cu.  yd.  33^  ct.  510.00 

Placing:    and    hauling    corrugated  „„„  „, 

culverts   3,018  feet  27>A  ct.  830.00 

The  average  cost  per  miie  per  year  of  tne  maintenance 
was  $113. 

SAND   ASPHALT   ROAD   CONSTRUCTION   IN  DE 
SOTO  COUNTY,  FLORIDA. 

In  many  sections  of  Florida  sand  is  about  the  only  ma- 
terial locally  available  for  road  construction  purposes. 
Various  attempts  have  been  made  to  combine  this  sand 
with  asphalt  and  a  number  of  successful  pavements  of 
this  kind  have  resulted.  In  some  of  the  work,  however, 
the  sand  has  been  used  as  it  was  found  along  the  road 
regardless  of  grading.  This  practice,  of  course,  has  not 
tended  to  improve  the  quality  of  the  mixture. 

The  5th  Road  and  Bridge  District  of  De  Sota  County 
proposes  the  construction  of  a  large  amount  of  sand  as- 
phalt pavement.  Bids  calling  for  approximately  561,000 
sq.  yd.  of  this  surfacing  were  opened  on  July  3.  On  this 
work  precautions  have  been  taken  to  secure  a  proper 
grading  of  the  sand.  Samples  of  the  available  sand  were 
taken  from  along  the  roads  to  be  improved.  These  sam- 
ples were  screened  and  a  list  prepared  giving  the  grad- 
ing. This  list  showing  the  sand  grading  over  the  dis- 
trict was  a  great  convenience  to  prospective  bidders,  for 
it  enabled  them  to  determine  the  amount  they  would  have 
to  import  and  it  also  aided  them  in  arriving  at  the  best 
location  for  the  plant. 

The  pavement  is  to  be  2  in.  thick  after  compression  and 
laid  on  a  6-in.  clay  base  with  shoulders  on  each  side  2 
ft.  wide.  The  width  of  the  pavement  is  to  be  not  less 
than  9  ft.  nor  more  than  16  ft. 

The  specifications  for  the  5th  Road  and  Bridge  District 
roads  provide  that  the  sand  shall  be  clean,  sharp  and 
free  from  loam,  clay  or  other  deleterious  material.  It 
must  be  tested  and  graded  for  size,  from  fine  to  coarse, 
so  that  the  fine  sand  will  as  nearly  as  possible  fill  the 
voids  in  the  coarse  sand.  If  necessary  two  or  three  dif- 
ferent sands  must  be  mixed  to  secure  the  proper  grading. 
The  composition  of  the  surface  mixture  must  not  vary 
beyond  the  following  limit: 

Per  cent. 

Bitumen     7  to  12 

Passing  200-mesh  sieve 6  to  12 

Passing   100-mesh   sieve 9  to  20 

Passing     SO-mesh  sieve 9  to  20 

Passing     50-mesh  sieve 10  to  35 

Passing     40-mesh   sieve 10  to  25 

Passing     30-mesh   sieve^ S  to  15 

Passing     20-mesh   sieve 4  to  10 

Passing     10-mesh   sieve 2  to     S 

The  asphalt  cement  must  conform  to  the  following  re- 
quirements : 

(1)  It  must  be  thoroughly  homogeneous,  and  the  va- 
rious ingredients  contained  in  it  shall  be  in  a  state  of 
complete  solution. 

(2)  It  shall  have  a  penetration  of  between  40  and  75 
at  77°  F.,  depending  on  the  sand  and  asphalt  used  and 
the  traffic  upon  the  roads  upon  which  the  pavement  is  to 
be  laid. 

(3)  It  shall  not  flash  below  350'  F.  when  tested  in  a 
New  York  State  closed  oil  tester. 
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(4)  When  heated  in  an  open  tin  at  a  temperature  of 
325'  F.  for  five  hours  in  a  hot  air  oven,  it  must  not  show 
a  loss  of  volatilization  of  over  5  per  cent  and  the  pene- 
tration at  77°  F.  of  the  residue  left  after  such  heating 
must  not  be  less  than  one-half  the  penetration  of  the 
original  sample  before  heating. 

(5)  When  the  pure  bitumen  of  the  asphalt  cement  is 
brought  to  a  penetration  at  77'  F.  of  50  and  made  into  a 
briquette  having  a  cross  section  of  1  sq.  cm.,  it  shall  have 
a  ductility  of  not  less  than  20  cms.,  at  77'  F.,  the  two 
ends  of  the  briquette  to  be  pulled  apart  at  the  uniform 
rate  of  5  cm.  per  minute. 

When  the  asphalt  cement  as  used  has  a  penetration 
greater  than  50  at  77^  F.,  an  increased  ductility  of  2  cm. 
shall  be  required  for  every  five  points  in  penetration 
above  50  penetration. 

The  amount  of  asphalt  cement  to  be  used  will  be  gov- 
erned by  the  sand  grading,  but  must  be  sufficient  to  thor- 
oughly cover  the  surface  of  all  particles  of  mineral  ag- 
gregate employed,  without  leaving  an  excess  of  bitumen. 
The  contractor  will  be  paid  at  his  unit  price  bid  accord- 
ing to  the  variation  of  bitumen  between 

7  and  S  per  cent 

8  and  9  per  cent 

9  and  10  per  cent 

10  and  11  per  cent 

11  ."ind  12  per  cent 

The  filler  will  be  thoroughly  dry  limestone  dust  or  other 
mineral  matter  of  sufficient  density  to  produce  a  powder 
having  a  density  of  at  least  90  lb.  to  the  cubic  foot.  It 
must  be  so  finely  ground  that  all  of  it  shall  pass  through 
a  50-mesh  screen  and  at  least  66  per  cent  of  it  shall  pass 
through  a  200-mesh  screen.  The  surface  mixture  must 
contain  from  6  to  20  per  cent  of  this  filler,  depending  upon 
the  kind  of  sand  and  asphalt  used. 

The  mineral  aggregate  and  asphalt  cement  will  be 
heated  and  mixed  in  a  standard  asphalt  plant.  The  min- 
eral aggregate  will  be  heated  to  a  temperature  of  from 
250  to  350°  and  then  incorporated  into  the  cement  heated 
to  approximately  the  same  temperature.  The  mixture 
must  arrive  at  the  road  at  a  temperature  of  not  less  than 
200'  F.  It  will  be  deposited  upon  sheet  iron  platforms 
and  then  carried  to  position  with  hot  shovels  and  shaped 
with  hot  rakes.  Rolling  will  be  done  with  a  self-propelled 
tandem  of  not  less  than  6  tons'  weight.  After  the  final 
rolling  the  finished  surface  will  be  covered  with  the  best 
quality  of  Portland  cement  and  swept  evenly  into  the 
pavement  with  soft  hair  brooms.  The  edges  of  the  wear- 
ing surface  will  be  protected  by  placing  shoulders  of  the 
same  material  as  the  foundation  for  a  width  of  2  ft.  on 
either  side  and  rolling  until  they  conform  to  the  cross 
section.  The  shoulders  will  have  a  finished  thickness  of 
6  in. 

Phil  Lacey,  Zolfo,  Fla.,  is  Engineer  Fifth  Road  and 
Bridge  District,  and  D.  L.  Skipper  is  Commissioner. 


GRADING  ROADS  PREPARATORY  TO  HARD 
SURFACING. 

Contributed    by    Neal   B.    Garver,    .-Vssociate    in    Civil    Engineering, 
Uni\'ersity  of  Illinois,  Urbana,  III. 

Where  hard  surface  roads  are  being  constructed  it  is 
the  common  practice  to  let  both  the  grading  and  surfac- 
ing under  one  contract,  and  it  is  expected  that  the  en- 
tire contract  wull  be  completed  in  one  season.  This 
method  has  some  serious  faults.  It  is  only  necessary  to 
travel  over  some  of  the  roads  recently  constructed  to 
see  what  these  faults  are. 

While  traveling  over  several  miles  of  concrete  road 
recently  the  following  conditions  were  found  to  exist: 
At  one  point  there  was  a  concrete  girder  bridge  with  a 
4  or  5-ft.  earth  embankment  at  either  end.  The  embank- 
ment had  settled,  but  the  bridge  had  not.  The  result  was 
a  badly  broken   pavement  at  each  end  of  the  bridge. 

At  another  point  a  trench  had  been  dug  across  the 
roadway  and  a  concrete  culvert  built.  After  the  hard 
surface  had  been  constructed  the  backfill  had  settled. 
The  result  was  the  same  as  in  the  first  case. 

W.  E.  Emery,  County  Superintendent  of  Highways  of 
Peoria   County,   Illinois,   is    using   a   method   of   meeting- 
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this  problem  which  seems  worth  while.  He  has  secured 
the  consent  of  the  State  Highway  Department  to  have 
the  grading  and  surfacing  contracts  let  separately.  The 
roadway  is  brought  to  the  permanent  grade  one  year, 
and  the  hard  surface  is  constructed  the  next.  For  ex- 
ample, the  roads  which  are  to  be  hard  surfaced  this 
year  were  graded  last  fall  and  are  now  in  good  condition. 
There  is  enough  money  now  left  in  the  road  fund  for 
this  year  to  do  the  grading  on  the  road  to  be  hard  sur- 
faced next  year. 


A  HANDY  ROAD  CHART. 

Contributed  by  X.  G.   Xear,  New  York  City. 

The  accompanying  chart  will  be  of  service  to  road 
builders  for  determining  the  number  of  square  yards  in 
any  road  up  to  nearly  2  miles  in  length  and  in  any  width 
up  t"  1.000  ft.    Just  lay  a  straightedge  across  as  indicated 
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by  the  dotted  line  and  the  area  is  immediately  found  in 
the  m.iddle  column  (column  B). 

For  example:  A  certain  contractor  laid  900  ft.  of  road 
in  one  day,  the  width  of  the  road  being  100  ft.  Connect 
the  900  (column  A)  with  the  100  (column  C)  and  column 
B  gives  the  area  as  10,000  sq.  yds. 

The  chart  is  especially  valuable  for  estimating  work, 
for  the  foreman  in  making  his  daily  report,  or  for  any- 
body who  has  to  do  figuring  of  this  kind. 
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A   NEW  FORM   OF  SPECIFICATIONS   FOR  CON- 
CRETE AGGREGATES.* 

To  be  generally  acceptable  specifications  for  concrete 
aggregates  should  fulfill  two  requirements,  namely:  (1) 
they  should  insure  the  production  of  suitable  concrete  if 
the  aggregates  are  properly  used;  and  (2),  they  should 
permit  the  use  of  materials  found  in  the  vicinity  of  the 
work,  if  such  materials  are  capable  of  producing  concrete 
of  the  required  quality. 

The  present  method  of  specifying  may  insure  the  qual- 
ity of  the  material,  but  it  does  not  permit  the  use  of  a 
wide  choice  of  aggregates  from  which  first-class  concrete 
may  be  made. 

It  is  quite  possible  to  write  specifications  for  sand  and 
stone  which  will  answer  the  purpose  in  New  York,  others 
for  Pittsburgh,  and  still  others  for  New  Orleans,  but 
they  will  all  differ  from  each  other  if  they  are  to  be  met 
by  the  local  products. 

Concrete  is  a  cheap  building  material  because  it  is 
composed  largely  of  inexpensive  aggregates,  and  for  eco- 
nomic reasons  these  aggregates  should  be  secured  from 
deposits  in  the  vicinity  of  the  point  of  use.  Whatever 
materials  are  locally  available  for  aggregates  must  be 
used  in  the  great  majority  of  cases,  for  aggregates  which 
must  be  transported  long  distances  are  no  longer  inex- 
pensive. The  material  at  hand  capable  of  making  con- 
crete of  fair  quality  will  generally  be  used  in  preference 
to  a  better  material  which  must  be  brought  from  a  dis- 
tance at  considerable  cost  for  transportation. 

It  is  generally  true  that  even  a  very  poor  sand;  that  is, 
one  which  compares  very  unfavorably  with  standard 
Ottawa  sand  when  tested  in  1 :3  mixtures  with  cement, 
will  give  a  suitable  compressive  strength  if  sufficient 
cement  is  used.  Take,  for  example,  a  fine,  poorly  graded 
sand,  which  in  a  1 :3  mortar  gives  a  compressive  strength 
equal  to  only  60  per  cent  of  that  obtained  with  standard 
Ottawa  sand.  Such  a  sand  used  in  the  proportion  of  1:2 
or  1:2^4  will  usually  give  strengths  fully  equal  to  the  1:3 
mortar  made  of  Ottawa  sand.  When  the  only  available 
sand  is  of  such  a  quality,  it  is  necessary  to  increase  the 
proportion  of  cement  until  the  required  strength  is  ob- 
tained. 

Our  present  specifications  for  sand  require  that  it  shall, 
when  tested  as  prescribed,  show  a  compressive  strength 
approximately  equal  to  that  obtained  with  standard  Ot- 
tawa sand.  A  rigid  adherence  to  these  specifications 
would  mean  that  in  many  sections  of  the  country  no  con- 
crete work  could  be  done  without  importing  aggregates 
from  a  distance.  The  result  is  that  the  specifications  are 
ignored  in  those  localities  and  the  work  done  without 
them. 

On  the  other  hand,  where  most  excellent  materials  are 
available,  the  present  specifications  for  sand  do  not  per- 
mit of  a  variation  of  the  proportions  used  no  matter  how 
good  the  materials  may  be.  For  instance,  some  well- 
graded  sands  show  strengths  40  per  cent  higher  than  that 
obtained  with  Ottawa  sand  in  1 :3  mortar,  and  in  1  iZV-i 
or  even  1 :4  mortar  show  compressive  strengths  equal  to 
that  obtained  with  Ottawa  sand  in  the  proportion  of  1 :3. 
Yet  this  sand  receives  no  credit  for  quality  under  the 
present  form  of  specifications. 

Specifications  serve  their  purpose  when  they  secure  the 
products  described,  but  they  serve  the  industry  best  when 
broad  enough  in  scope  to  cover  all  the  materials  capable 
of  producing  a  product  of  the  desired  quality.  To  insist 
that  throughout  this  country  no  sand  may  be  used  in  con- 
crete which  does  not  show  a  compressive  strength  ap- 
proximately equal  to  that  of  a  standard  sand  when  tested 
in  1 :3  mortar,  is  in  a  way  analagous  to  insisting  that  all 
structural  steel  shall  be  made  from  an  ore  containing  a 
certain  minimum  percentage  of  iron. 

In  order  to  cover  and  include  all  materials  which  are 
capable  of  producing  concrete  of  the  quality  required  for 
the  particular  service  it  is  to  perform  it  is  only  necessary 
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to  specify  the  result  required  instead  of  specifying  the 
materials  used. 

Let  it  be  assumed,  for  instance,  that  for  mass  founda- 
tions and  footings,  for  retaining  walls  and  abutments,  and 
for  similar  service,  a  concrete  which  has  a  compressive 
strength  of  1,500  lb.  per  square  inch  at  the  age  of  28  days 
is  suitable.  For  reinforced  walls  and  matts  where  stresses 
are  moderate,  a  compressive  strength  of  2,000  lb.  per 
square  inch  at  28  days  may  be  required,  while  for  rein- 
forced floor  slabs,  beams,  girders,  columns,  etc.,  a  mini- 
mum compressive  strength  of  2,500  lb.  per  square  inch 
at  the  same  age  may  be  necessary. 

By  specifying  the  results  required  and  permitting  the 
use  of  such  materials  as  will  produce  these  results  when 
tested  under  specified  and  standardized  conditions,  it  is 
possible  not  only  to  properly  safeguard  the  product  but 
to  permit  the  use  of  such  materials  as  are  available  in 
each  locality. 

It  is  also  true  that  in  many  cases  the  local  materials  are 
of  such  poor  quality  and  would  require  such  a  large  pro- 
portion of  cement  to  fulfill  the  specifications,  that  it  would 
be  economical  to  bring  in  better  material  even  from  a 
considerable  distance,  the  saving  in  cement  paying  the 
freight.  Specifications  of  this  kind  might  take  some  such 
form  as  the  following,  in  which  all  figures  are  purely 
arbitrarj'  and  in  no  sense  proposed  as  standard: 

The  materials  used  shall  be  of  such  quality,  and  shall  be  used  in 
such  proportions  as  to  produce  a  concrete  which  shall  show  a  com- 
pressive strength  of  2,500  (or  2,000  or  1,500)  lb.  per  square  inch  at  the 
age  of  2S  days,  when  tested  in  accordance  with  the  standard  methods 
iif  testing. 

This  form  of  specification  is  obviously  susceptible  to 
modification  to  cover  varying  conditions  and  qualities. 
For  instance,  to  insure  against  a  material  which  sets  or 
hardens  slowly,  and  consequently  requires  forms  being 
kept  in  place  an  unusual  length  of  time,  the  specifications 
may  require  a  certain  minimum  strength  to  be  attained 
in  three  days.  When  compressive  strength  is  not  the 
prime  requisite,  as  for  instance,  in  sea  wall  or  tunnel 
work,  the  requirements  as  to  impermeability  or  density 
may  be  inserted,  either  in  place  of,  or  in  addition  to,  the 
strength  requirement. 

It  would  probably  be  desirable  to  add  some  further 
qualifying  clauses  to  the  specifications,  such  as. the  limit 
of  size  of  particles,  the  character  of  the  materials  com- 
posing the  aggregates,  freedom  from  constituents  Mable 
to  cause  deterioration,  etc. 

The  standard  methods  of  testing  referred  to  in  these 
specifications  would  have  to  be  very  carefully  worked 
out,  as  the  value  of  the  specifications  is  largely  depend- 
ent upon  the  reliability  of  the  test,  just  as  is  the  case  in 
almost  all  specifications  of  a  like  nature  which  are  de- 
pendent upon  tests. 

The  method  at  present  most  oommonly  employed,  ex- 
cept in  the  case  of  some  of  the  railroads  and  on  govern- 
ment work  where  aggregates,  particularly  the  sand,  are 
systematically  tested,  is  to  practically  ignore  the  quality 
of  materials,  except  the  cement,  and  to  arbitrarily  specify 
propoi'tions  that  will  give  good  enough  results  with  al- 
most any  aggregates.  By  requiring  that  all  concrete  in  a 
reinforced  structure  shall  be  made  in  the  proportions 
of  say,  1:112:3  or  1:2:4,  we  are  simply  "playing  safe." 
Mixed  in  these  proportions  all  but  the  poorest  material 
will  produce  good  concrete.  Instead  of  specifying  that 
"the  materials  shall  be  of  such  quality  and  shall  be  used 
in  such  proportions  as  will  produce  a  compressive 
strength  of,"  etc.,  we  now  say,  in  effect,  "the  materials 
may  be  of  any  quality,  but  must  be  used  in  the  propor- 
tions of  approximately  1:2:4,  so  that  even  poor  mate- 
rials will  possibly  produce  concrete  sufficiently  good  for 
the  purpose."  They,  in  principle,  are  the  specifications 
under  which  thousands  of  yards  of  concrete  are  laid  every 
year. 

Wherein  lies  the  incentive  to  a  contractor  or  builder  to 
use  any  better  materials  than  the  cheapest,  if  he  is  com- 
pelled by  the  specifications  to  use  a  certain  arbitrarj' 
mix  regardless  of  quality  or  material? 

Any  specifications  for  concrete  aggregates  which  are 
to  be  used  all  over  this  country,  must  be  so  drawn  that 
any  material  which  will  make  concrete  of  the  required 


quality  will  be  included.  The  establishment  of  a  stand- 
ard of  quality  and  insistence  that  only  materials  which 
measure  up  to  that  standard  may  be  used,  is  bound  to  be 
ignored  in  localities  where  materials  of  the  quality  de- 
manded are  not  to  be  found,  or  else  the  standard  of  qual- 
ity would  have  to  be  put  much  lower  than  at  present — 
so  low  as  to  include  the  poor  material. 

In  operating  under  such  specifications,  it  is  of  great 
importance  that  specimens  of  the  concrete  produced  on 
the  job  be  regularly  made  and  tested.  It  is  also  of  the 
greatest  importance  that  a  close  day-to-day  check  be 
maintained  on  the  quality  of  the  materials  used,  so  as  to 
insure  a  reasonable  uniformity,  and  to  know  that  these 
materials  are  at  least  equal  in  quality  to  the  materials 
used  in  arriving  at  the  proportions  required  to  give  the 
quality  of  concrete  called  for  in  the  specifications. 

When  the  materials  used  on  the  job  are  from  the  same 
sources  as  those  tested  and  from  which  tests  the  pro- 
portions to  be  used  were  determined,  it  is  a  simple  mat- 
ter to  check  up  their  qualities.  Sand  and  stone  from  the 
same  source  do  not  vary  much  in  quality,  except  in  so  far 
as  quality  is  influenced  by  size  of  particles.  Having  once 
established  by  test  the  suitability  of  sand  and  stone  for 
any  grade  of  concrete  and  having  determined  the  proper 
proportions  in  which  to  use  them  to  attain  a  certain  de- 
sired result,  it  is  only  necessary  thereafter  to  see  that 
the  size,  grading  and  proportions  of  these  materials  are 
reasonably  constant  to  insure  uniform  quality  of  con- 
crete. Such  a  check  on  size  and  grading  should  be  had 
on  each  and  every  shipment  of  material  and  is  easily  ob- 
tained with  a  small  set  of  sieves,  or  in  the  case  of  sand, 
which  is  by  far  the  more  important  material,  by  means 
of  a  self-contained  sand  tester. 

The  regular  and  systematic  testing  of  the  size  of  the 
aggregates  gives  data  which  will  permit  the  engineer  to 
tell  without  further  tests,  whether  the  aggregates  will 
produce  a  better  or  poorer  concrete  than  that  produced 
by  the  original  or  standard  sample.  This  fact  is  based 
on  the  well-established  principle  that,  other  things  being 
equal,  the  aggregate  whose  granulometric-analysis  curve 
most  nearly  approaches  the  line  of  maximum  density  will 
produce  the  best  concrete.  This  makes  it  possible  to  de- 
termine with  reasonable  certainty  w^hich  of  two  sands  of 
the  same  kind  and  from  the  same  source,  but  differing 
only  in  fineness,  will  make  the  better  concrete.  These 
principles  are  carried  out  in  practice  by  Westinghouse, 
Church,  Kerr  &  Co.  in  the  following  manner: 

Concrete  is  to  be  placed  in  a  certain  locality  There 
are  to  be  heavy  machinery  foundations  and  thick  build- 
ing foundation  walls  and  footings  below  grade,  with  re- 
inforced superstructure.  The  engineer  in  charge  secures 
samples  of  the  available  concrete  aggregates,  both  fine 
and  coarse,  and  sends  them  to  the  laboratory  for  test. 
The  tests  show  that  although  the  best  available  sand  has 
a  strength  in  1 :3  mortar  only  70  per  cent  of  that  of  stand- 
a'-d  Ottawa  sand,  yet  mixed  in  the  proportions  of  1 :134  -.3^/^ 
with  the  cement  and  coarse  aggregates  to  be  used,  the  re- 
sulting concrete  has  a  compressive  strength  of  2,600  lb. 
per  square  inch  at  28  days.  Other  proportions  give  higher 
and  lower  strengths,  depending  on  their  richness,  but  as 
the  design  of  the  structure  requires  concrete  having  a 
compressive  strength  of  2,500  lb.  per  square  inch  the 
1:1^4:3^4  proportion  is  used.  For  the  foundations  and 
footings,  the  designs  being  based  on  a  compressive 
strength  of  1,500  lb.  per  square  inch  in  the  concrete,  the 
proportion  of  1:214:4^2,  which  gave  in  the  test  a  com- 
pressive strength  of  1,550  lb.  per  square  inch,  is  chosen. 
Under  the  present  standard  method  of  specifying  sand, 
this  particular  sand  could  not  nave  been  used  in  concrete. 

Among  the  tests  made  in  the  laboratory  on  the  sand 
are  several  granulometric-analysis  charts  made  with  the 
sand  tester.  This  sand  tester  has  five  screens  having  6, 
10,  20,  35  and  65  meshes  per  inch.  Each  screen  in  suc- 
cession has  openings  one-half  the  width  of  the  openings 
in  the  preceding  screen.  The  charts  are  averaged  and  a 
special  guide  chart  is  prepared  for  the  use  of  the  inspec- 
tor on  the  job.  In  making  up  this  guide  chart  a  permis- 
sible variation  of  about  2.5  per  cent  each  way  from  the 
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mean  of  the  tests  made  on  the  sample,  is  allowed.  A 
copj-  of  this  chart  is  sent  to  the  job  and  a  copy  kept  in 
the  laboratory. 

As  the  sand  arrives  on  the  job  the  inspector,  or  some 
one  designated  by  the  superintendent,  makes  tests  with 
the  sand  tester  and  compares  the  resulting  chart  with 
the  guide  chart.  If  the  results  show  greater  variation 
than  is  permissible — particularly  if  they  show  the  sand 
to  be  finer  than  shown  on  the  guide  chart — then  the  mat- 
ter is  taken  up  with  the  one  who  supplies  the  sand.  A 
duplicate  chart  of  all  field  tests  is  sent  to  the  engineer. 

By  this  method  the  quality  of  the  aggregates  is  recog- 
nized and  provided  for  in  the  selection  of  proportions 
for  the  concrete,  and  enough  cement  is  used  to  produce 
the  desired  quality.  All  the  materials  entering  into  the 
concrete  are  used  in  the  tests  and  the  results  are  in- 
fluenced by  each  of  the  ingredients.  In  this  way  the  un- 
certainty which  is  attendant  upon  separately  testing  each 
of  the  three  materials,  and  predicting  therefrom  the 
quality  of  the  concrete  resulting  from  their  combination, 
is  eliminated.  The  time  required  for  testing  the  combi- 
nation is  no  greater  than  that  required  for  testing  any 
one  of  the  materials. 

Experience  with  this  form  of  specification  has  shown  it 
to  be  advantageous  in  localities  where  the  available  ag- 
gregates are  not  up  to  the  standards  now  specified. 
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rial.     The  basket  is  then  raised  and  the  excess  material 
allowed  to  drain  off. 


EXPERIMENTAL  CONVICT  ROAD  CAMP  NEAR 
ATLANTA,  GA. 

An  interesting  experiment  in  the  use  of  convicts  for 
road  work  is  being  conducted  under  the  immediate  direc- 
tion of  J.  £.  Pennybacker,  chief  of  road  economics  in  the 
U.  S.  Olfice  of  Public  Roads.  This  honor  camp  is  situated 
not  a  great  distance  from  Atlanta,  Ga.,  and  has  been  in 
operation  for  about  five  months.  The  plant — quarters  for 
the  convicts,  offices  for  supervisor  and  clerk  and  other 
necessai-y  buildings — involved  an  initial  expenditure  of 
about  $2,000.  The  supervisor  and  clerk  are  employes  of 
the  state  of  Georgia.  The  convicts,  40  or  50  in  number, 
were  selected  from  various  convict  camps  in  the  state  and 
are  serving  sentences  varying  from  6  months  to  a  year. 
The  most,  if  not  all  of  these  convicts,  are  from  Atlanta. 
Several  of  the  convicts  sent  to  this  camp  have  been  re- 
turned to  their  former  places  for  fighting  among  them- 
selves or  for  other  breaches  of  good  conduct,  but  with 
these  few  exceptions  they  have  been  orderly  and  indus- 
trious. There  have  been  no  attempts  to  escape.  During 
the  five  months  the  convicts  e.xcavated  25,000  tons  of  earth 
and  about  20,000  tons  of  stone,  built  a  concrete  bridge  and 
completed  an  earth  road  of  superior  quality  2  miles  in 
length. 

The  convict  quarters  were  designed  with  a  fine  regard 
to  the  health  of  the  inmates,  with  the  remarkable  result 
that  among  the  convicts  there  has  been  less  than  one- 
fourth  of  1  per  cent  of  sickness  since  the  camp  was  estab- 
lished. The  cost  of  feeding  the  convicts  has  been  17  cts. 
per  day  for  three  meals.  The  cost  of  maintaining  the 
camp,  allowing  10  per  cent  for  annual  depreciation  in  the 
plant,  the  salaries  of  supervisor  and  clerk,  cost  of  trans- 
portation of  supplies  and  all  other  incidental  expenses, 
and  cost  of  feeding  and  caring  for  the  convicts — is  a 
small  fraction  over  44  cts.  per  day  per  convict. 


METHOD  OF  PATCHING  BITUMINOUS  ROADS. 

The  following  method  of  patching  bituminous  roads  is 
employed  by  the  patrolmen  on  the  state  road  system  of 
Maryland:  The  hole  is  swept  thoroughly  clean,  and  free 
from  all  dirt  and  dust.  The  cavity  is  then  painted  with 
bituminous  material,  and  the  filling  stone  well  tamped  in 
with  a  tamper.  Bituminous  material  is  ne.xt  spread  over 
the  stone  and  covered  with  stone  chips  from  i^  in.  to  3^  in. 
in  size,  just  bringing  the  surface  of  the  patch  up  to  the 
elevation  of  the  adjoining  road  surface.  To  assure  getting 
the  proper  amount  of  bituminous  material  in  the  patch, 
the  patrolman  is  supplied  with  a  small  wire  basket  hold- 
ing about  14  peck  of  stone.  This  basket  has  handles  and 
when  filled  with  stone  is  dipped  in  the  bituminous  mate- 


A    METHOD   OF    FIGURING   VERTICAL   CURVES 
ADAPTED  TO  MUNICIPAL  PRACTICE. 

Contributed  by  Carl  F.  Meyer,  Morgan  Park,  Duluth,  Minn. 

The  writer  has  read  with  interest  the  contribution  of 
Mr.  Jordan  in  the  issue  of  Engineering  and  Contracting 
under  date  of  June  7,  1916,  and  submits  to  your  read- 
ers as  a  result  his  method  of  figuring  vertical  curves. 
Rules  and  methods  for  this  work  have  generally  been 
based  on  railroad  engineering  practice  and  the  writer 
has  tried  to  adapt  these  methods  to  municipal  practice 
where  the  rate  of  change  in  the  curves  is  much  greater 
and  it  is  desired  to  get  elevations  on  the  curve  at  fre- 
quent intervals,  especially  in  setting  grade  for  curbs. 
The  method  sought  was  also  one  that  would  be  self- 
checking;  that  is,  the  elevation  of  each  point  being  com- 
puted from  the  preceding  point.  The  writer  has  adapted 
other  methods  to  these  conditions  and  derived  the  fol- 
lowing process : 

Let  L  be  the  length  of  the  vertical  curve. 

Let  X  be  the  distance  between  points  at  which  eleva- 
tions are  desired  or  the  chord  length. 

•  Let  N  equal  the  number  of  chords,  equals  L  divided 
by  X. 

Let  G'  equal  the  difference  in  elevation  in  feet  for  the 
distance  X  on  the  first  grade,  G'  being  plus  for  a  rising 
grade  and  minus  for  a  falling  grade. 

Let  G"  equal  the  same  quantitv  for  the  second  grade. 
Then 

G'     — G" 

Let  A  equal  a  factor  equal 

2N. 

With  the  above  values  the  following  rule  may  be 
stated: 

To  find  the  elevation  of  a  point  on  the  curve  a  dis- 
tance X  from  the  end  algebraically  add  to  the  elevation  of 
the  end  station  the  quantity  G'  reduced  by  the  quantity 
A.  To  find  the  elevation  of  any  succeeding  point  a  dis- 
tance X  from  the  last  point,  algebraically  add  to  the  ele- 
vation of  the  last  point  the  last  addative  decreased  by 
the  quantity  2A.     To  illustrate: 

A  grade  rises  at  0.4  per  cent  and  intersects  one  falling 
at  0.6  per  cent,  compute  the  elevations  of  points  25  ft. 
apart  for  a  curve  200  ft.  long. 

L.   equals  200;    N   equals    S:    G'   equals    4-0.10;    G"   equals  — 00.15;    A 
+  0.10  —  (—0.1.1) 

iQuals  equals  +0  015625;  2A  equals  +0.03125. 

2x8 

COMPUTATIONS. 
Station.  Elevation.         Addative.  G'.  A.  2A. 

1+00  100.000  +0.10         +0.915625 

1+25  100.084375  tM^J?'?  +0.03125 

1+50  100.137500  Tnno,;-- 

1  +  75  100.159375  +nnn55-? 

2+00         100.150000       ~x-9xBi,i 

2+25  100,109375  —°-°l'>1^i 

2+50  100.037500  ~X?nJ,i- 

2+75  99.934375  niS?,:? 

3  +  00  99.800000  — 0,1343i5 

Check- 
station   1+00   elevation 100.00 

100   ft.   at    +0.4% +0.40 

Elevation   apex   100.40 

100   ft.   at  — 0.6% —0.60 

Station   3+00    99.80 

Note  that  the  last  addative  is  equal  to  G"  decreased 
by  A. 

When  it  is  desired  to  find  the  elevations  on  the  cur\'e 
at  points  which  are  equal  distance  from  each  other,  but 
where  the  stations  of  the  ends  of  curves  are  not  even 
stations  or  an  even  multiple  of  the  quantity  X  the  rule 
can  be  applied  by  first  computing  the  elevation  of  the 
first  point  any  distance  from  the  beginning  of  the  curve. 
This  computation  to  be  made  by  the  use  of  the  parabolic 
formula.  After  finding  the  elevation  of  this  point  as- 
sume the  vertical  curve  as  starting  at  the  point  at  which 
the  elevations  have  been  determined  and  compute  the 
balance  of  the  curve  by  the  method  above  given. 
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REVISED  STANDARD  TEST  FOR  PENETRATION 
OF   BITUMINOUS   MATERIAL. 

A  proposed  revised  standard  test  for  the  penetration  of 
bituminous  material  was  submitted  at  the  recent  annual 
meeting  of  the  American  Society  for  Testing  Materials 
by  the  Committee  on  Road  Materials,  of  which  L.  W.  Page 
is  chairman  and  Prevost  Hubbard,  secretary.  The  test 
is  designed  to  supersede  the  present  standard  test.  The 
committee  recommended  that  the  standard  be  referred  to 
letter  ballot  of  the  society  for  adoption.  This  proposed 
revised  standard  test  was  as  follows: 

Definition. — Penetration  is  defined  as  the  consistency  of 
a  bituminous  material,  expressed  as  the  distance  that  a 
standard  needle  vertically  penetrates  a  sample  of  material 
under  known  conditions  of  loading,  time  and  temperature. 
Where  the  conditions  of  test  are  not  specifically  men- 
tioned, the  load,  time  and  temperature  are  understood  to 
be  100  g.,  5  seconds,  25°  C.  (77°  F.),  respectively,  and  the 
units  of  penetration  to  indicate  hundredths  of  a  centi- 
meter. 

Apparatus. — The  container  for  holding  the  material  to 
be  tested  shall  be  a  flat-bottom,  cylindrical  dish,  55  mm. 
(2  3  16  in.)  in  diameter  and  35  mm.  (1%  in.)  deep." 

The  needle'  for  this  test  shall  be  of  cylindrical  steel  rod 
50.8  mm.  (2  in.)  long  and  having  a  diameter  of  1.016  mm. 
(0.04  in.)  and  turned  on  one  end  to  a  sharp  point  having 
a  taper  of  6.35  mm.  (%  in.). 

The  water  bath  shall  be  maintained  at  a  temperature 
not  varying  more  than  0.1'  C.  from  25°  C.  (77°  F.).  The 
volume  of  water  shall  be  not  less  than  10  liters  and  the 
sample  shall  be  immersed  to  a  depth  of  not  less  than  10 
cm.  (4  in.)  and  shall  be  supported  on  a  perforated  shelf 
not  less  than  5  cm.  (2  in.)  from  the  bottom  of  the  bath. 

Any  apparatus  which  will  allow  the  needle  to  penetrate 
without  appreciable  friction,  and  which  is  accurately  cali- 
brated to  yield  results  in  accordance  with  the  definition 
of  penetration,  will  be  acceptable. 

The  transfer  dish  for  container  shall  be  a  small  dish  or 
tray  of  such  capacity  as  will  insure  complete  immersion 
of  the  container  during  the  test.  It  shall  be  provided 
with  some  means  which  will  insure  a  firm  bearing  and 
prevent  rocking  of  the  container. 

Preparation  of  Sample. — The  sample  shall  be  com- 
pletely melted  at  the  lowest  possible  temperature  and 
stirred  thoroughly  until  it  is  homogeneous  and  free  from 
air  bubbles.  It  shall  then  be  poured  into  the  sample 
container  to  a  depth  of  not  less  than  15  mm.  (%  in.). 
The  sample  shall  be  protected  from  dust  and  allowed  to 
cool  in  an  atmosphere  not  lower  than  18'  C.  (65°  F.)  for 
one  hour.  It  shall  then  be  placed  in  the  water  bath  along 
with  the  transfer  dish  and  allowed  to  remain  one  hour. 

Testing. — In  making  the  test  the  sample  shall  be  placed 
in  the  transfer  dish  filled  with  water  from  the  water 
bath  of  sufficient  depth  to  completely  cover  the  container. 
The  transfer  dish  containing  the  sample  shall  then  be 
placed  upon  the  stand  of  the  penetration  machine.  The 
needle,  loaded  with  specified  weight,  shall  be  adjusted  to 
make  contact  with  the  surface  of  the  sample.  This  may 
be  accomplished  by  making  contact  of  the  actual  needle 
point  with  its  image  reflected  by  the  surface  of  the  sam- 
ple from  a  properly  placed  source  of  light.  Either  the 
reading  of  the  dial  shall  then  be  noted  or  the  needle 
brought  to  zero.  The  needle  is  then  released  for  the 
specified  period  of  time,  after  which  the  penetration  ma- 
chine is  adjusted  to  measure  the  distance  penetrated. 

At  least  three  tests  shall  be  made  at  points  on  the  sur- 
face of  the  sample  not  less  than  1  cm.  (%  in.)  from  the 
side  of  the  container  and  not  less  than  1  cm.  (?s  in.) 
apart.  After  each  test  the  sample  and  transfer  dish  shall 
be  returned  to  the  water  bath  and  the  needle  shall  be 
carefully  wiped  toward  its  point  with  a  clean,  dry  cloth 
to  remove  all  adhering  bitumen.  The  reported  penetra- 
tion shall  be  the  average  of  at  least  three  tests  whose 


values   shall   not   differ   more   than    four  points   between 
maximum  and  minimum. 

When  desirable  to  vary  the  temperature,  time  and 
weight,  and,  in  order  to  provide  for  a  uniform  method  of 
reporting  results  when  variations  are  made,  the  samples 
shall  be  melted  and  cooled  in  air  as  above  directed.  They 
shall  then  be  immersed  in  water  or  brine,  as  the  case  may 
require,  for  one  hour  at  the  temperature  desired.  The 
following  combinations  are  suggested: 

At  0°  C.  (32'  F.)  200-8.  ^vei^hl.,  60  seconds 
At  46M  C.  (115°  F.)  oO-g.  weight.  5  seconds. 


PERSONALS. 

\V.  M.  Atkinson  has  resigned  his  position  as  city  manager  of  Kos- 
■nell,  X.  M. 

Chester  A.  Brown  has  been  elected  manager  of  the  new  city  of 
Sherrill,  N.   Y. 

T.  Ed.  Brypn  and  L.  P.  Dioliie  have  been  re-elected  president  and 
secretary,  respectively,  of  the  Central  Florida  Highway  Association. 

Joseph  A.  Murray,  Jr.,  and  Conrad  Hamman  have  been  promoted 
from  the  positions  of  levelers  to  that  of  assistant  engineers,  Depart- 
ment of  Engineering  of  Albany,  N,  Y. 

^^'alter  S.  Merrill,  for  the  past  two  years  an  instructor  in  civil  en- 
gineering at  Rhode  Island  Stato  College,  has  accepted  a  position  with 
Westinghouse,  Kerr  &  Co.,  Con.sulting  Engineers,  New  York  City. 

Captain  Clarence  D.  Sturdevant,  Corps  Engineers  of  U.  S.  A.,  in 
charge  of  the  Pittsburgh  District,  has  been  assigned  to  Montgomery, 
.^la.,  to  relieve  Major  Frank  C.  Boggs,  engineer  of  the  engineer  de- 
partment of  that  district,   temporarily. 

Richard  K.  Jleade,  Chemical,  Mechanical  and  Industrial  Engineer, 
owing  to  the  expansion  of  his  practice  and  the  need  for  increased 
facilities,  has  removed  his  offices  from  202  North  Calvert  St.  to  the 
J-.aw  Bldg.,  Courtland  St.,  Baltimore,  Md. 

Kobert  R.  Huntley,  Augustus  Dergenger  and  Fritz  Fernow  have 
organized  the  Huntley  &  Dergenger  Corporation  and  will  engage  in  a 
general  construction  business,  specializing  in  the  construction  of  rail- 
roads, tunnels,  etc.     The  headquarters  will  be  at  Buffalo.  X.  Y. 

Lieut. -Col.  "Wm.  V.  Judson,  U.  S.  Corps  of  Engineers,  now  on  duty 
in  the  Chicago  District,  has  been  ordered  to  the  Baltimore  District  in 
the  Eastern  Division.  He  will  relieve  Lleut.-Col.  C.  A.  F.  Flagler, 
who  will  temporarily  relieve  Col.  John  Biddle,  who  goes  to  West  Point 
as  commandant. 

R.  M.  Hosea,  formerly  Chief  Engineer  of  the  Colorado  Fuel  &  Iron 
Co.,  with  offices  at  Pueblo,  Colo.,  is  at  present  engaged  on  valua- 
tions of  coal  mining  properties  for  companies  and  individuals.  He 
also  is  engaged  in  a  general  consulting  practice,  with  offices  at  1062 
Pearl  St.,  Denver,  Colo. 

J.  S.  Allen  and  O.  C.  Kulicka  have  been  appointed  chief  engineer 
and  assistant  engineer,  respectively,  of  the  Highway  Commission  of 
Washington  County,  Mississippi,  and  will  have  charge  of  road  con- 
struction Involving  the  building  of  about  150  miles  of  highway  at  an 
estimated  cost  of  $050,000. 

Messrs.  C.  F.  Hess  and  R.  E.  Mitchell,  of  Point  Pleasant,  W.  Va., 
and  Mr.  E.  C.  Smith,  of  Ravenswood,  \V.  Va..  have  entered  into  a 
partnership  under  the  firm  name  of  The  Ohio  Valley  Construction  Co., 
and  will  engage  in  a  general  engineering  and  construction  business, 
with  headquarters  and  factory  at  Point  Pleasant.  Mr.  Smith  for  the 
past  five  years  has  Ijeen  in  P'anama  as  one  of  the  engineers  on  the 
isthmian  Canal. 

E.  M.  Anderson,  Abbeville,  S.  C  has  been  elected  president  of  the 
Tri-State  Water  and  Light  Association  of  the  Carolines  and  Georgia, 
at  the  recent  annual  convention  at  Macon.  Ga.  Other  officers  elected 
started  as  a  rodman  and  having  worked  his  way  up  through  the  vari- 
C.  and  W.  T.  Jones.  Fayetteville.  N.  C.  vice-presidents;  and  W.  F. 
Stieglitz.  Columbia,  S.  C,  secretarj'-treasurer. 

V.  R.  Parkhurst,  Consulting  Drainage  Engineer  of  Topeka,  Kansas, 
has  been  elected  president  of  the  recently  organized  Kansas  State 
Drainage  and  Conservation  Association.  This  Association,  formed  by 
representatives  of  all  drainage  boards  in  the  state,  will  ask  the  legis- 
lature to  invest  drainage  boards  with  the  power  to  condemn  property 
for  flood  protection,  to  amend  the  drainage  law  of  1905,  providing  for 
surveys  for  new  drainage  districts  and  necessary  extensions  of  existing 
districts,  to  undertalie  topographical  surveys  of  drainage  basins,  and 
to  increase  the  authority  of  drainage  boards  generally. 

H.  R.  Her.^hey.  of  Quarryville.  Pa.,  has  been  promoted  to  the 
position  of  road  superinfendent  of  Lehigh  and  Northampton  Coun- 
ties, succeeding  W.  H.  Pascoe.  who  resigned  recently.  Mr.  Hershey 
has  been  with  the  State  Highway  Department  for  lO^i.  years,  having 
started  as  a  rodman  and  having  worked  his  way  up  through  the  vari- 
ous positions  to  his  present  post.  He  was  successively  chainman. 
transitman,  chief  of  party,  and  chief  of  construction.  He  has  been 
attached  for  the  last  year  to  District  Number  5.  with  headquarters 
at  AUentown.  Prior  to  his  services  at  AUentown  he  was  attached  to 
the  office  of  District  Xuinher   4,   with  headquarters  at  Clearfield. 


'This  requirement  is  fulfilled  by  the  American  Can  Co.'s  Gill  style 
ointment  box.  deep  pattern.  3  oz.  capacity. 
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OBITUARY. 

Joseph  O.  Osgood.  Chief  Engineer  of  the  Central  Railroad  of  New 
Jers-3v,  dropped  dead  from  heart  disease  at  New  York  City  on  June 
2Sth  "  Mr.  Osgood  was  born  in-184S  at  Cohasset.  Mass.  He  was  edu- 
cated in  the  high  schools  of  that  town  and  took  the  courses  in 
Massa'^husetts  Institute  of  Technology-.  1872  and  1S7T.  Entered  rail- 
road service  in  1S65  as  rodman  of  construction  of  the  Eastern  Shore 
Rpilroad,  now  a  part  of  the  Pennsylvania  system,  since  which  he  was 
consecutivelv  to  1S69  rodman  and  assistant  engineer  on  the  construc- 
tion of  various  extension.?.  From  1S70  to  ISTl  he  was  transitman  and 
resident  engineer  on  location  and  construction  of  the  Portland  and 
Ogdensburg  Railway;  from  1S71  to  1S73  he  was  assi.stant  to  the  chief 
engineer  of  the  Maine  Central  Railroad;  from  1873  to  1878  he  was 
resident  engineer  for  the  State  of  Massachusetts,  on  improvement  of 
South  Boston  flats;  from  1878  to  ISSO  he  was  division  engineer  of  the 
\tchiEon  Toppk.a  &  Santa  Fe  Railway,  on  construction  of  the  Colo- 
rado and  New  Mexico;  from  1880  to  1882  he  was  chief  engineer  in 
charge  of  location  and  construction  for  the  California  and  Southern 
Railroad:  from  1SS3  to  18S4  he  was  chief  engineer  of  the  Boston- 
Hooshe  Tunnel  and  Western  Railroad;   from  1885  to  1886  was  en- 

gaged in  the  making  of  examinations  and  reports  on  raih  s;  from 
isse  to  1SS7  he  was  chief  engineer  in  charge  of  rebuilding  ti  Toledo. 
St  Louis  and  Kansas  City  Railroad:  from  1SS7  to  1889  he  was  chief 
engineer  of  the  Lake  Shore  and  Jlichigan  Southern  Railroad.  He  was 
engaged  in  practice  as  consulting  railway  engineer  in  New  York  City 
from  1889  to  1901.  and  from  that  latter  date  to  the  time  of  his  death 
he  was  chief  engineer  of  the  Central  Railroad  of  New  Jersey. 
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ANNOUxNTEMENT    OF    THE    WATER    WORKS 

AND    HYDRAULIC    MONTHLY    ISSUE    OF 

"ENGINEERING  AND  CONTRACTING." 

Readers  of  our  weekly  articles  have,  from  time  to  time 
during  the  past  decade,  suggested  to  us  the  advisability 
of  publishing  a  monthly  magazine  devoted  to  water  works 
and  hydraulics.  There  has  been  no  such  specialized  pub- 
lication, although  the  field  for  it  has  been  large  and 
steadily  growing  larger.  We  contemplated  accepting  the 
suggestion  of  our  readers,  and  planned  putting  it  into 
effect  two  years  ago,  but  the  war  led  us  to  "sit  tight"  for 
a  while.  In  this  issue  we  begin  the  execution  of  the  new 
plan. 

On  the  second  Wednesday  of  each  month  the  entire 
issue  of  articles  in  Engineering  and  Contracting  will  be 
devoted  to  hydraulics  in  its  various  applications,  all  of 
which  are  interrelated  to  a  very  considerable  e.xtent.  Our 
contract  news  items  will,  of  course,  continue  to  cover  the 
entire  civil  engineering  field  in  this  water  works  issue  as 
in  every  other  issue. 

As  one  of  our  readers  and  advertisers  suggests,  this 
new  monthly  article  service  "will  not  only  be  economic  in 
money,  but,  what  is  more  important,  economic  in  time." 
He  refers  to  the  time  wasted  in  searching  through  a  gen- 
eral magazine  or  paper  for  the  articles  that  relate  to  the 
reader's  specialty.  As  to  the  economy  in  money,  the  abil- 
ity to  secure  a  good  monthly  article  service  for  $1  a  year 
will  be  appreciated  by  many  men,  and  particularly  so 
where  salaries  do  not  keep  pace  with  the  rising  cost  of 
living. 


THE  GREAT  UNDEVELOPED  FIELD  FOR 
WATER  WORKS. 

Water  is  a  marketable  commodity.  Were  as  much  in- 
genuity and  energy  expended  in  marketing  water  as  in 
marketing  electricity,  there  is  probably  not  a  water  works 
plant  in  America  that  would  not  be  able  to  double  the 
quality  of  water  sold. 

It  has  become  almost  a  fetish  to  talk  only  of  saving 
•water  that  is  being  wasted.  But  important  as  prevention 
of  waste  may  be,  it  is  vastly  more  important  to  increase 
the  useful  application  of  water.  Yet  when  such  a  possi- 
bility is  suggested,  the  question  is  immediately  raised  as 
to  who  will  buy  more  city  water  save  a  very  few.  There 
are,  it  is  true,  some  who  still  resort  to  wells  for  their  sup- 
ply, but  their  number  in  any  city  and  in  most  towns  is 
relatively  small.  Where,  then,  are  we  to  find  the  new  cus- 
tomers? The  answer  is  largely  in  the  persons  of  the  old 
customers. 

Almost  every  residence  that  has  a  bit  of  ground  about 
it  is  a  place  where  more  water  can  be  profitably  used  for 
six  months  of  the  year.  Garden  truck  and  fruit  to  the 
wholesale  value  of  $500  to  $1,000  an  acre  can  be  annually 
produced  where  intelligent  irrigation  is  applied.  A  patch 
of  ground  50  by  100  ft.  is  almost  an  eighth  of  an  acre.  At 
the  retail  prices  of  vegetables  and  berries,  such  a  patch 
of  ground  can  be  made  to  yield  annually  fully  §150  worth 
of  food  at  retail  prices,  with  no  great  labor  on  the  part  of 
its  owner.  Consider  the  number  of  such  patches  of  land 
in  any  city  or  town,  and  it  becomes  at  once  evident  that 
this  mar'  >t  for  water  is  verj-  great,  yet  it  is  a  market  that 
has  bet   ,  scarcely  touched. 

Had  water  works  managers  employed  the  same  methods 
that  electric  light  and  power  companies  have  so  success- 
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fully  applied — namely,  educational  publicity  in  local 
papers  and  a  sliding  scale  of  rates  based  on  metered  serv- 
ice— there  is  no  doubt  that  today  we  would  be  using  not 
100  to  150  gal.  per  capita  but  300  to  500  gal.  per  capita 
during  the  crop  raising  season  in  nearly  everj'  city  and 
town  in  this  country. 

Around  every  municipality  there  is  a  fringe — and  by 
no  means  a  narrow  fringe — of  residences  dependent  for 
water  on  wells  subject  to  contamination.  Under  existing 
rates  it  may  not  pay  to  extend  the  water  mains  into  such 
suburban  districts,  but  under  a  metered  system  giving 
very  low  rates  for  large  consumption  of  water,  these 
suburban  places  would  find  it  e.xceedingly  profitable  to 
use  water  in  large  quantities  for  irrigation.  A  water 
works  that  could  not  make  a  profit  by  selling  small  quan- 
tities of  water  to  scattered  consumers  in  the  suburbs 
would  profit  greatly  by  selling  large  quantities  to  those 
same  consumers. 

Every  man  who  has  the  slightest  knowledge  of  the 
effectiveness  of  irrigation  even  in  so-called  moist  climates 
will  see  the  force  of  our  argument,  but  it  may  be  ques- 
tioned whether  the  public  can  be  induced  to  go  into  the 
raising  of  garden  truck  and  fruit.  We  are  confident  that 
a  very  large  part  of  the  public  can  be  led  to  this  prac- 
tice, provided  proper  publicity  methods  are  employed. 
Our  confidence  rests  upon  the  fact  that  already  a  goodly 
number  of  individuals  have  found  it  pleasurable  as  well 
as  profitable  to  do  a  little  farming  in  their  back  yards, 
applying  less  than  an  hour's  work  daily  to  the  task. 
Children  are  easily  encouraged  to  raise  vegetables,  and, 
with  the  aid  of  the  public  schools,  it  will  not  be  difficult 
to  teach  them  to  become  successful  farmers  on  a  small 
scale,  raising  all  the  "green  stuff"  and  berries  that  are 
consumed  in  their  homes  during  half  the  year. 

Every  city  of  homes — and  that  means  every  city  in  at 
least  part  of  its  area — should  be  a  city  of  gardens.  Peo- 
ple should  be  taught  how  to  make  it  so,  how  little  it  costs 
to  make  it  so,  and  how  certain  are  the  garden  crops  when 
properly  irrigated.  They  should  be  led  to  realize  that 
vegetables  and  berries  plucked  fresh  are  infinitely  more 
palatable  than  the  inevitably  stale  stuff  that  the  markets 
provide.  Who,  for  example,  has  not  noted  the  peppen,- 
taste  of  a  radish  fresh  from  the  soil,  and  coincidently 
remarked  upon  the  tastelessness  of  radishes  bought  in 
market?  Who  has  not  exclaimed,  "Well,  here  is  a  real 
strawberry  once  more,"  as  he  rolled  a  ripe,  luscious  bern,- 
under  his  tongue,  a  berry  plucked  by  his  own  hand? 

Now,  all  this  superiority  of  home  raised  "garden  truck" 
is  attainable  by  many  at  next  to  no  cost,  and  is  certain  of 
being  secured  every  spring,  summer  and  early  fall  by  the 
judicious  use  of  an  overhead  sprinkling  system  in  the 
garden  patch. 

As  water  rates  now  stand,  as  politics  has  been,  as  in- 
deed we  all  have  been — dead  to  the  possibilities — water 
is  used  in  but  relatively  small  quantities  where  it  should 
be  used  in  great  abundance — used,  not  wasted.  Let  us  be 
done  with  our  old  ideals  of  a  100  gal.  per  capita,  or  less, 
daily  consumption.  Let  us  seek  rather  to  increase  the 
use  of  water  in  such  manner  as  to  add  to  the  happiness 
and  health  of  all  residents  of  cities  and  towns.  Let  us 
change  political  boundaries,  so  far  as  water  supply  is 
concerned,  reaching  far  out  into  suburban  areas.  Let  us 
educate  residents  with  yards,  truck  gardeners,  owners  of 
vacant  lots  and  all  who  can  raise  vegetables  and  fruit,  to 
use  city  water  to  increase  and  insure  crops.  There  is 
no  experiment  involved  in  such  a  step,  for  many  a  watered 
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back  yard  already  bears  witness  to  what  can  be  done  in 
raising-  berries  and  vegetables.  "Back  to  the  soil"  right 
in  our  towns  and  cities,  is  a  movement  that  every  pur- 
veyor of  city  water  should  lend  a  hand  to  effect. 


THE  WATER  WORKS  SUPERINTENDENT,  THE 

AMERICAN  WATER  WORKS  ASSOCIATION 

AND  POLITICS. 

At  the  recent  annual  convention  of  the  American  Water 
Works  Association  in  New  York,  the  criticism  was  made 
that  "Superintendents'  Day"  was  not  made  as  fruitful  as 
it  might  have  been.  Secretary  Diven  stated  that  the  fault 
rested  largely  with  the  superintendents  themselves,  as 
he  had  received  scant  assistance  from  them.  It  is  a 
deplorable  fact  that  relatively  few  superintendents  belong 
to  this  association,  for  it  is  a  society  that  could  be  highly 
useful  to  every  progressive  water  works  official. 

Undoubtedly  one  of  the  reasons  why  municipal  water 
works  superintendents  have  shown  lax  interest  in  plans 
for  mutual  assistance  may  be  traced  to  politics.  Men  who 
secure  public  positions  through  "pull"  are  prone  to  regard 
all  else  as  of  minor  importance  in  their  official  lives.  Too 
many  water  works  superintendents  have,  in  the  past,  relied 
more  upon  politics  than  upon  personal  efficiency  to  hold 
their  jobs.  We  say  "in  the  past,"  for  he  is  indeed  blind 
who  can  not  see  that,  in  the  future,  efficiency  is  to  be  the 
standard  by  which  municipal  officials  are  to  be  judged. 
Toward  that  goal  all  cities  are  rapidly  traveling,  aided  by 
bureaus  of  municipal  research,  by  efficiency  societies,  by 
engineers  in  general  and  by  water  works  associations. 

The  prime  object  of  a  water  works  association,  as  of 
any  technical  society,  is  to  increase  the  efficiency  of  its 
members.  This  is  mainly  accomplished  by  exchange  of 
ideas  and  the  published  records  of  work  done  and  results 
secured.  The  superintendent  who  does  not  subscribe  to 
this  plan  by  joining  a  society  and  contributing  to  its  dis- 
cussions, not  only  injures  himself  but  actually  risks  the 
ultimate  loss  of  his  position.  If  it  be  replied  that  the  dis- 
cussions of  such  a  society  are  usually  of  a  purely  engi- 
neering nature  and  rarely  of  the  sort  helpful  to  a  superin- 
tendent, then  consider  Mr.  Diven's  statement  that  the 
superintendents  have  themselves  to  blame. 

Railway  superintendents,  electric  light  and  power  super- 
intendents, and  in  fact  the  superintendents  of  almost 
every  class  of  public  utility,  belong  to  associations  and 
prepare  valuable  papers  and  discussions  for  presentation 
at  meetings.  Politics  plays  little  or  no  part  in  their  of- 
ficial lives.  They  realize  that  to  hold  their  positions  and 
to  progress  they  must  endeavor  to  increase  their  efficiency 
every  year.  A  good  many — -but  not  enough — superin- 
tendents of  water  works  have  shown  similar  foresight. 
The  time  has  come  for  all  to  join  the  efficiency  movement, 
either  relegating  politics  to  the  background  or  so  aiding 
in  its  reformation  that  the  name  politics  will  cease  to 
smell  of  "pork." 


ABOLISH 


'DEAD  HEADS"  FROM  CITY  WATER 
WORKS. 


Mr.  Allen  Hazen,  in  his  presidential  address  to  the  New 
England  Water  Works  Association,  said: 

C)n  the  railroads  in  the  old  da.vs  it  was  no  doubt  true  that  those 
who  had  passes  caused  more  trouble  and  expense  than  other  trav- 
elers. So  I  think  in  your  water  departments  you  will  find  that  the 
dead-head  takers  are,  in  general,  those  who  waste  the  most  water, 
and  that  it  costs  the  most  to  take  care  of.  That  which  costs  nothing 
is  treated  with  but  little  respect.  The  schoolhoiises  that  are  fur- 
ni.shed  W'ith  free  water  will  use  gang  closets  or  self-flushing  closets 
tr  save  a  little  money  in  plumbing,  and  the  water  will  go  pouring 
through  them  day  and  night  because  the  janitor  has  not  sufticient 
Interest  to  shut  them  off  at  night  because  it  costs  nothing. 

It  is  coming  to  be  recognized — particularly  in  Wiscon- 
sin where  all  water  rates  are  subject  to  the  regulation  of 
a  state  utility  commission  that  every  city  department  that 
uses  water  should  pay  the  water  department  a  fair  price 
for  the  service.  Not  only  does  this  lead  to  reduction  in 
water  wastage  but  it  tends  eventually  to  a  more  equitable 
distribution  of  taxes. 

The  biggest  "deadhead"  of  all  is  the  city  fire  depart- 
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ment.  It  has  been  estimated  in  numerous  water  rate  cases 
— and  the  editor  has  had  part  in  several — that  from  30 
to  50  per  cent  of  the  "fixed  charges" — interest,  deprecia- 
tion and  taxes — of  a  water  works  plant  should  be  entered 
against  fire  protection.  This  high  ratio  is  of  course  not 
the  result  of  a  correspondingly  large  consumption  of  water 
for  fire  protection,  but  it  results  from  the  fact  that  all 
the  water  mains  are  made  large  enough  to  carry  the 
"peak  load"  that  comes  upon  them  at  the  time  of  a  big 
conflagration.  So,  too,  the  pumps  and  reservoirs  are  de- 
signed for  this  "peak  load." 

If  the  fire  department  were  charged  with,  say,  one-third 
the  fixed  charges  of  a  water  works  plant,  it  would  become 
apparent  at  once  even  to  the  least  contemplative  tax  payer 
that  all  buildings  and  their  contents  should  bear  a  fire  tax 
with  which  to  meet  the  fire  department  expense.  Were 
this  done,  it  would  then  follow  that  "fire  traps"  would 
have  to  pay  such  large  taxes  that  it  would  no  longer  pay 
to  keep  them  in  use.  Conversely  the  erection  of  fire- 
proof buildings  would  be  encouraged. 

It  may  be  stated  as  an  economic  axiom  that  economy  is 
best  fostered  by  charging  to  each  department  its  proper 
share  of  the  joint  costs.  This  rule  is  broken  by  every 
municipality  in  more  ways  than  one,  but  perhaps  nowhere 
more  frequently  than  in  the  "dead  heading"  of  water  to 
the  difl'erent  municipal  departments. 


"WATER    DISTRICTS"    AND    THE    SUPPLY    OF 

SEVERAL  MUNICIPALITIES  WITH  ONE 

PLANT. 

The  most  striking  evolution  in  commercial  electric 
lighting  has  been  the  growth  of  central  power  stations 
from  which  electricity  is  distributed  to  many  separate 
municipalities.  Although  the  reason  for  this  electrical 
development  are  usually  more  pronounced  than  the  rea- 
sons for  a  similar  development  in  domestic  water  produc- 
tion and  distribution,  there  is  abundant  economic  justifica- 
tion for  the  grouping  of  water  works  plants  in  a  manner 
not  unlike  the  grouping  of  electric  plants.  Particularly 
does  this  become  evident  wherever  water  is  brought  from 
distant  sources.  But  may  it  not  also  be  shown  to  be 
economic  to  form  "water  districts"  even  where  water  is 
available  close  to  a  group  of  municipalities? 

Water  may  be  called  a  manufactured  product  wherever 
it  is  treated  to  remove  organic  or  inorganic  matter.  Treat- 
ment of  one  kind  or  another  is  required  in  the  majority  of 
cases  where  water  is  secured  from  sources  near  to  human 
habitation.  Manufacture  is  invariably  cheaper  when  con- 
ducted on  a  large  scale,  not  only  because  the  manufactur- 
ing plant  is  operated  at  a  higher  "load  factor" — more  con- 
tinuously at  a  load  approaching  its  capacity — but  because 
the  working  force  turns  out  a  larger  number  of  units  of 
product.  This  holds  as  certainly  of  treated  water  as  of 
generated  electricity  or  of  smelted  copper.  We  believe, 
therefore,  that  "water  districts,"  comprising  several  dis- 
tinct towns  and  cities,  can  profitably  be  organized  in 
nearly  all  densely  populated  localities  where  water  is  or 
should  be  treated. 

The  transmission  of  the  manufactured  water  can  be 
effected  from  a  central  producing  plant  to  local  reservoirs 
and  thence  distributed  through  existing  pipes. 

A  water  district  can  afford  to  hire  the  best  of  engi- 
neers and  chemists  and  thus  maintain  higher  standards 
both  of  purity  of  supply-  and  of  economics  of  performance. 
The  local  water  works  managers  will,  in  turn,  greatly 
profit  as  a  result  of  the  superior  organization  of  which 
they  will  be  a  part.  There  will  open  before  them  a  pros- 
pect of  advancement  to  higher  positions  and  correspond- 
ingly greater  income.  What  man  does  not  lose  ambition 
when  no  further  "worlds  to  conquer"  are  in  sight? 


EDITORIAL  PARAGRAPHS. 

The  number  of  railway  stockholders  on  June  30,  1915, 
was  626,122;  the  mileage  of  railway  represented  was 
257,211  miles.  The  number  of  individual  holders  of  rail- 
wa.v  stocks  is  of  course  something  less  than  that  given 
above  as  many  persons  hold  stock  in  several  railways.    The 
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average  holding  per  stockholder  at  par  value  was  $13,796. 
This  figure  is  reduced  to  $9,882  if  stock  held  by  the  rail- 
ways themselves  is  deducted.  Exclusive  of  railway  hold- 
ings there  were  607,630  railway  stockholders  in  June  30, 
1915. 


To  the  promoter  is  due  most  of  the  progress  of  the  world. 
Yet  so  demeaned  has  the  word  promoter  become  in  popular 
thought  that  a  prominent  hydraulic  engineer  writing  on 
the  economics  of  water  power  development  confessedly  is 
afraid  to  use  the  word  and  substitutes  the  term  "projec- 
tor." 


There  is  one  ray  of  hope  in  the  recent  action  of 
Congress  against  "efficiency  methods"  in  government  fac- 
tories. This  action  effected  merely  amendments  to  the 
fortification  and  army  and  navy  bills.  The  Tavenner  bill 
which  e.xtends  the  prohibition  to  all  government  work, 
"owing  to  an  unfavorable  place  on  the  calendar  is  not 
likely  to  pass." 


The  American  Water  Works  Association  now  numbers 
more  than  1,330  members,  having  made  a  net  gain  of  103 
members  during  the  last  year.  Let  it  now  be  determined 
to  add  500  new  members  before  the  ne.xt  annual  conven- 
tion at  Richmond.     It  can  be  done  and  it  should  be  done. 


Mr.  Leonard  Metcalf,  who  was  elected  president  of  the 
New  England  Water  Works  Association  a  year  ago,  has 
just  been  made  president  of  the  American  Water  Works 
Association.  It  would  seem  that  Mr.  Metcalf,  standing  so 
high  in  the  opinion  of  the  members  of  both  societies, 
might  be  instrumental  in  merging  the  two  into  one  society. 
Yet  he  has  thus  expressed  the  opinion  that  such  a  merger 
would  be  premature  at  this  time:  "A  consolidation,  if  it 
does  come,  must  come  gradually  and  not  by  forced  effort." 
But  this  need  not  mean  any  reduction  of  effort  to  educate 
all  the  members  of  both  societies  to  regard  a  union  as 
ultimately  inevitable  because  of  the  relative  inefficiency 
of  divided  efforts. 


The  appointment  of  sanitary  engineers,  instead  of 
physicians,  as  public  health  officers,  has  been  repeatedly 
urged  by  Jlr. 'M.  X.  Baker.  The  idea  is  worthy  of  more 
general  and  aggressive  support  on  the  part  of  engineers. 
But  most  engineers  have  yet  to  learn  the  importance  of 
united  effort  in  matters  of  public  concern  affecting  also 
the  interests  of  engineers.  The  public,  unless  engineers 
take  united  action,  will  remain  in  ignorance  of  such  facts 
as  that  reduction  in  typhoid  fever  is  attributable  almost 
entirely  to  engineering  works. 


Why  will  a  subaqueous  water  main  freeze  in  sea  water 
which  does  not  freeze  in  ordinary  winter  climates  and 
not  freeze  in  fresh  water,  which  does  freeze  in  the  same 
climates?  The  question  is  suggested  by  the  article  in  this 
issue  describing  the  freezing  of  an  under  sea  water  main. 
Its  answer  is  given  by  the  writer  of  this  article:  In  fresh 
water  the  blanket  of  ice  prevents  excessive  radiation  and 
the  water  beneath  is  always  warmer  than  32  degrees.  In 
sea  water  an  entirely  different  condition  exists.  During 
a  period  of  protracted  frost  sea  water  may  easily  reach  a 
temperature  several  degrees  below  32  degrees.  It  has  no 
surface  blanket  of  ice.  It  is  usually  in  motion  and  laving 
the  bare  iron  pipe  it  veritably  sucks  the  heat  from  the 
water  in  the  main.  Because  of  this  same  action  the  ef- 
ficiency of  the  electric  current  is  reduced  as  a  means  for 
thawing  frozen  mains  lying  under  salt  water. 


IMPROVED  TAMPER  FOR  CONCRETE. 

To  the  Editor:  The  "Improved  Tamper  for  Concrete" 
illustrated  on  page  587  of  the  -June  28th  issue  of  your 
paper  is  not  new.  I  have  personal  knowledge  of  the  use 
of  such  a  tamper  37  years  ago.  which  led  me  to  have  one 
made  26  years  ago  for  some  sidewalk  work.  It  may  be 
100  years  old,  for  the  men  from  whom  I  got  the  idea 
seemed  to  look  on  it  as  a  verv  old  idea. 
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methods  for  sidewalk  construction,  using  such  a  tamper, 
several  years  ago  in  Engineering  and  Contracting. 
Yours  truly, 

Ernest  McCuUough, 
Consulting  Engineer. 
Chicago,  111.,  July  3,  1916. 


AN  IMPROVED  TAMPER  FOR  CONCRETE  AND  A 
HANDY  SIDEWALK  TEMPLATE. 

To  the  Editors:  On  pages  587  and  588  of  last  issue  of 
Engineering  and  Contracting  you  describe  "An  Improved 
Tamper  for  Concrete,"  Cfuitriljuted  by  R.  J.  Borheck,  Con- 
tracting Engineer  of  Tacoma,  Washington.  We  note  in 
closing  the  article  it  is  stated  that  patents  have  been 
applied  for.  etc. 

For  the  readers'  information  and  the  contributor's  as 
well,  we  desire  to  say  that  for  the  past  seven  to  eight 


-=4? 


^^ 


i'Sfeel  '■   Thickness  of 

*- 7 

-Wooden  Guide  Generally  Z'x4'' 


years  the  writer  and  several  of  our  local  contractors  have 
used  tampers  of  this  kind;  in  fact,  almost  identical  in 
design  to  the  one  illustrated;  being  made  up  of  various 
dimensions  for  the  base.  How  patents  can  be  obtained  on 
old  ideas  of  this  kind  is  almost  unbelievable. 

We  have  used  a  sidewalk  template  for  nearly  twelve 
years  of  which  we  enclose  a  sketch,  that  might  be  of 
interest  to  some  of  your  subscribers.  Perhaps  a  patent 
should  have  been  applied  for  on  this  template,  but  we 
thought  better  to  use  it  and  let  others  use  it  for  the  good 
of  the  fraternity. 

Very  truly  yours, 
The  F.  C.  Dreher  Contracting  Co. 

Denver,  Colo.,  June  29,  1916. 


CAST  IRON  WATER  TANKS   FOR  GOLD   COAST 
RAILWAYS,  AFRICA. 

Contributed  by  Frank  C.   Perkins.   Buffalo.  X.   T. 

Small  cast  iron  tanks  are  extensively  used  by  the  Gold 
Coast  Railways  in  the  English  Colonies;  each  tank  is  8 
ft.  square  and  8  ft.  deep  with  a  capacity  of  3,200  gal. 
The  details  of  construction  of  these  English  cast  iron 
tanks  are  of  special  interest.    The  thickness  of  the  plates, 


English   Cast   Iron   Water  Tanks. 


I   used   it   in   my  work  manv  years   and  described  my      tank. 


ribs  and  flanges  and  the  diameter  and  pitch  of  the  con- 
necting bolts  are  determined  according  to  the  unsup- 
ported area  of  the  plates,  and  the  pressure  per  unit  of 
area  to  which  they  are  subjected  when  forming  part  of  a 
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The  flanges  are  bracketted  between  the  bolt  holes,  the 
latter  are  cored  and  slightly  oblong  to  provide  for  ex- 
pansion in  use,  and  by  adopting  radial  or  cross  ribs  on 
the  body  of  the  plates,  the  engineers  are  enabled  to  pro- 
vide the  greatest  possible  resistance  for  the  weight  of  ma- 
terial used.  The  tie  rods  are  also  designed  and  located 
with  special  care.  They  are  adjustable  in  length  and  are 
connected  to  the  plates  at  the  points  of  greatest  resist- 
ance. The  flanges  are  machined  their  full  width  dead 
square,  with  the  cut  running  in  the  longitudinal  direction, 
forming  fine  ridges  which  retain  the  jointing  material  be- 
tween the  flanges  when  they  are  bolted  together.  The 
plates  are  cast  of  selected  iron,  machined  and  fitted  to- 
gether at  the  works  in  Sheffield.  These  tanks  being  also 
constructed  with  the  joints  arranged  to  caulk  with  iron 
cement. 


A  6,500-FT.  CONTINUOUS  WIRE  WOUND  WOOD 
STAVE  PIPE  LINE  IN  CALIFORNIA. 

Banded  wood  stave  pipe  lines  and  lines  of  lengths  of 
wii-e-wound  wood  stave  pipe  connected  by  joints  are  com- 
mon. The  illustrations  show  various  features  of  a  wood 
stave  pipe  line  on  which  the  wire  winding  was  put  as  the 
pipe  was  laid  and  is  continuous  for  the  entire  6,500  ft. 
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of  pipe.  This  pipe  is  10  in.  in  diameter  and  is  wound 
with  No.  4  galvanized  steel  wire  spaced  from  11  16  in. 
to  27/16  in.  A  total  of  180,000  ft.  of  wire  was  used,  was 
wound  mechanically  by  a  special  machine,  was  welded  at 
120  points  by  a  special  device  and  was  coated  with  asphalt 
also  by  a  special  device.  The  illustrations  indicate  all 
the  general  construction  features,  and  the  characteristics 
of  the  line,  but  the  special  construction  methods  require 
description. 

The  pipe  is  built  supported  over  the  trench  into  which 
it  is  lowered  as  suitable  lengths  are  completed.  The  stave 
laying  follows  the  usual  methods  except  that  the  joints 
are  staggered  at  will.  As  fast  as  laid  up  they  are  wound. 
The  winding  is  done  by  a  special  device  consisting  of  a 
gear  wheel  encircling  the  pipe  and  driven  through  a 
speed  reduction  gearing  by  an  electric  or  compressed  air 
motor.  As  the  gear  wheel  is  rotated  around  the  pipe  it 
at  the  same  time  travels  along  the  pipe.  The  wire  from 
a  reel  which  encircles  the  pipe  ahead  of  the  winding 
machine  is  threaded  through  rollers  carried  by  the  rotat- 
ing gear  and  which  give  the  required  tension  and  as  the 
gear  rotates  is  wound  around  the  pipe.  When  the  end  of 
a  reel  of  wire  is  reached  to  it  is  electrically  welded  the 
end  of  another  reel  and  winding  proceeds  as  before.     The 


LAYING  CONTINUOUSLY  WIRE-WOUND  WOOD  STAVE  PIPE  LINE    FOR   CALIFORNIA   PINE    BOX   &    LUMBER   CO.,   DELLEKER,  CAL. 
Fig.    1— View    Showing    Horizontal    Curve    in    Line.      Fig.    2 — View    Showing   Constructed    Pipe   Before   Lowering.      Fig.  3 — View   Showing   Vertical 

Curves  In   Line.      Figs.  4   and   5— View  Showing   Winding   Operations   In    Progress. 
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electric  welder  is  carried  along  the  trench  a.s  needed.  It 
galvanizes  the  weld.  To  coat  the  wound  pipe  another 
device  is  used.  It  consists  of  a  sleeve  slightly  larger 
than  the  wound  pipe  and  having  elastic  and  fle.\ible  ends 
of  a  fabric  which  hugs  the  pipe  closely.  By  means  of 
a  funnel  this  sleeve  is  kept  filled  with  hot  asphalt  and  by 
pulling  the  sleeve  along  the  pipe  the  asphalt  is  smeared 
evenly  over  the  wire  and  staves.  As  a  sufficient  length 
of  pipe  is  completed  it  is  lowered  into  the  trench. 

The  operation  of  pipe  construction  by  the  new  process 
is  continuous.  There  are  no  joints.  The  pipe  can  be 
bent  to  curves;  on  the  line  illustrated  there  were  curves 
of  30\  Ordinary  60-000-lb.  tensile  strength  wire  is  used, 
the  diameter  and  spacing  being  according  to  the  pressure 
on  the  pipe.  The  pipe  line  illustrated  was  built  for  the 
California  Pine  Box  &  Lumber  Co.,  Delliker,  Cal.,  by  the 
Continuous  Wire  Wound  Pipe  Co.,  San  Francisco,  Cal. 


WATER  SUPPLY    FOR  TROOPS   IN  THE   FIELD. 

Contributed  by  Jack  J.  Hinman,  Jr..  Senior  Water  BacterioloKlst  :ind 

Chemist,    State    Board    of   Health    L<aboratories,    State 

University  of  Iowa,   Iowa  City.  Iowa. 

It  is  quite  as  necessary  to  supply  a  water  of  unob- 
jectionable quality  for  troops  in  the  field  as  it  is  to  sup- 
ply water  of  like  quality  for  cities  and  towns  in  time 
of  peace.  Conditions  in  the  field  make  the  provision  of 
satisfactory  water  dependent  upon  a  very  different  set 
of  factors.  In  the  field  the  selection  of  a  supply  is  di- 
rected by  e.xpediency.  It  is  often  impossible  to  secure 
water  from  unpolluted  sources.  Owing  to  the  excep- 
tionally large  temporary  population,  with  comparatively 
meager  sanitary  arrangements  for  excreta  disposal,  the 
pollution  of  the  water  may  be  of  a  particularly  danger- 
ous character  as  well  as  of  high  concentration.  The 
great  number  of  men  gathered  into  a  locality  may  call 
for  an  amount  of  water  in  excess  of  that  which  has  been 
provided  by  the  local  inhabitants  in  time  of  peace,  thus 
necessitating  the  fullest  use  of  all  wells  and  streams. 

The  accidental  and  deliberate  befouling  of  the  water 
of  streams  and  wells  by  a  retiring  enemy  is  to  be  ex- 
pected. It  is  easy  to  conceive  of  the  poisoning  of  water- 
supplies  by  means  of  chemical  poisons.  Cultures  of 
pathogenic   organisms  might   be   used. 

Permanent  camps  in  the  vicinity  of  towns  possessing 
water  works  may  have  potable  water  supplied  by  pipe 
lines  or  carried  to  the  camp  in  tank-wagons.  It  would 
be  necessary  to  have  control  of  the  operation  of  the  plant 
and  to  keep  them  under  careful  guard  to  avoid  interfer- 
ence. Rapid  sand  filtration  plants,  such  as  are  used  in  city 
water  works,  could  be  constructed  in  a  few  weeks'  time. 
For  a  rapidly  advancing  army  their  use  would  be  im- 
practicable. 

The  advance  troops  are  dependent  for  the  mo.st  part 
on  raw  water  or  water  which  has  been  treated  by  chem- 
ical sterilizing  agents  alone,  rather  than  by  the  more  sat- 
isfactory process  of  coagulation  and  filtration  followed 
by  such  sterilization.  The  water  of  streams  has  usually 
been  protected  merely  by  posting  guards  to  see  that  all 
fording,  bathing  and  watering  of  animals  is  done  well 
down-stream  from  the  designated  source  of  the  drinking 
water.  Wells  and  springs  known  to  be  bad  are  carded 
or  preferably  put  under  guard.  Men  on  patrol  duty,  ad- 
vance parties,  and  men  occupying  exposed  trenches  or 
rifle  pits  must  carry  with  them  enough  pure  water  to  last 
until  they  can  be  relieved,  or  they  must  depend  on  the 
water  of  any  available  well,  ditch  or  trench.  The  use  of 
hot  drinks,  such  as  tea  and  coffee,  is  encouraged. 

It  is  essential  for  any  army  advancing  into  unknown 
or  hostile  territory  to  know  the  condition  of  the  water 
of  all  available  supplies.  This  mu.st  be  quickly  accom- 
plished, and  until  the  actual  knowledge  is  at  hand,  the 
water  must  be  toeated  as  if  it  were  known  to  be  heavily 
polluted.  This  work  must  be  entrusted  to  specially 
trained  men,  and  since  they  must  work  up  to  the  first 
line,  their  duties  are  quite  hazardous.  I  know  of 
one  German  chemist  who  has  lost  his  life  in  Belgium 
while  collecting  water  samples.  The  British  army  en- 
trusts this  work  to  a  combatant  organization  known  as 
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the  Sanitary  Corps.     In  our  army  the  Medical  Corps  is 
responsible. 

Many  schemes  have  been  proposed  for  the  field  examina- 
tion of  water.  Most  of  these  are  attempts  to  make  a  rapid 
chemical  examination,  since  the  chemistry  of  polluted 
waters  received  attention  long  before  the  bacteriology  of 
such  waters. 

The  British  army  has  for  years  had  an  official  water- 
analysis  case  which  could  be  carried  as  a  part  of  a  man's 
pack.  It  provided  for  the  determination  of  chlorine,  ni- 
trites, nitrates,  oxygen  consumed  and  even  the  total  solids 
and  the  ammonias.  The  Nessler's  solution  was  provided 
in  sealed  tubes,  but  the  other  chemicals  were  furnishd 
in  tablet  form.  In  this  detail  the  outfit  resembles  the  U. 
S.  G.  S.  field  analysis  case,'  which  likewise  furnished 
the  chemicals  in  tablets.  The  writer's  experience  with 
this  case  was  that  while  the  analyses  could  be  readily 
carried  out,  the  method  re<iuired  more  time  and  was  much 
more  cumbersome  than  the  ordinary  laboratory  proced- 
ure. To  attempt  to  determine  the  ammonias  in  the  field 
would  seem  unnecessary  and  consuming  too  great  an 
amount  of  time,  unless  direct  nesslerization  were  all  that 
was  attempted. 

The  present  European  war  has  brought  out  a  variety 
of  field  analysis  procedures.  Vergnoux"  recommends 
that  only  the  nitrite  (Griess'  method)  ammonias  and 
chlorine  be  determined.  He  properly  notes  that  the 
chlorine  determination  is  not  indispensable.  The  Annales 
de  Falsification  prints  a  set  of  instructions  for  analysts 
in  the  field.  This  includes  directions  for  the  nitrite,  am- 
monia, chlorine,  oxygen  consumed,  and  even  the  hardness 
determinations.  Since  chemical  poisoning  is  to  be  reck- 
oned with,  special  methods  applicable  to  the  detection  of 
these  have  been  devised.  Kohn-Abrest'  has  prepared  an 
ingenious  scheme  in  which  he  looks  for  chlorine,  sulphur 
dioxide,  bromine,  organic  iron  salts,  arsenic,  nickel,  co- 
balt, barium,  lead,  cyanogen,  alkaloids  and  the  glucosides. 
Fleury  uses  four  reagents,  hydrochloric  acid,  sodium  sul- 
phide, strontium  sulphate  and  sodium  picrate  paper,  Grig- 
nard's  reagent  for  hydrocyanic  acid.  With  the  aid  of 
these  he  is  able  to  detect  in  the  field  arsenic,  antimony, 
mercury,  copper,  lead,  tin,  zinc,  aluminum,  barium,  cy- 
anides and  nitroprussides. 

The  bacterial  examinations  may  be  carried  out  in  base 
laboratories  or  in  mobile  field  laboratories.  A  number  of 
rapid  methods  are  available  in  addjtion  to  the  usual  lab- 
oratory procedure.  Muller'  has  a  method  for  counting 
bacteria  after  precipitation  from  a  known  amount  of 
water  by  use  of  basic  ferric  chloride.  The  micro-plate 
devised  by  W.  D.  Frost  might  be  useful.  This  depends 
upon  staining  with  methylene  blue  the  colonies  growing 
on  a  very  small  agar  plate,  after  6  or  8  hours'  incuba- 
tion. The  count  is  made  at  a  low  magnification.  At- 
tempts at  identification  of  bacteria  would  naturally  take 
a  longer  period  of  time. 

One  method  by  which  the  sterilization  of  a  water  is 
verified  consists  in  planting  the  same  amount  of  water 
in  each  of  a  series  of  flasks  of  nutrient  broth.  Decreasing 
amounts  of  chemical  have  been  added  to  each  sample  of 
the  water.  The  last  flask  to  remain  clear  on  24  hours' 
incubation  contains  the  right  amount  of  sterilizing  agent. 

Almost  every  conceivable  method  of  water  purification 
has  been  tried  for  army  use.  This  includes  filters,  ultra- 
violet ray  and  ozone  sterilizers,  heat  sterilizers  and  a 
great  variety  of  chemical  sterilization  methods.  Coagu- 
lation is  not  usually  classed  as  a  chemical  sterilization 
because  it  represents  a  more  mechanical  removal  of  im- 
purities than  the  addition  of  a  germicidal  substance  does. 

Heat  may  be  used  to  prepare  di.stilled  water.  It  may 
also  be  applied  in  a  manner  similar  to  that  of  the  ordi- 
nary household  sterilizer.  In  this  apparatus  water  rises 
through  a  tube  to  a  boiler,  is  heated  to  boiling  and  then 
passes  down  an  inner  tube  enclosed  within  the  first,  giv- 
ing up  its  heat  to  the  water  rising  in  that  tube  and  be- 
ing itself  cooled  to  a  point  very  little  above  the  tempera- 
ture of  the  raw  water. 

Filters  of  every  sort,  from  complicated  pressure  filters 
to  a  filter  candle  designed  to  fit  into  the  mouth  of  a  can- 
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teen,  have  been  in  use.  The  more  complicated  ones  have 
generally  required  specially  trained  men  and  special  sup- 
plies and  hence  have  given  trouble  in  operation.  The 
Japanese  used  a  small  filter,  called  the  Ishiji  filter,  in 
their  Manchurian  campaign.  The  Darnall  filter'  has  been 
used  by  our  troops.  This  is  a  small  portable  filter, 
greater  in  capacity  than  the  Ishiji  filter,  designed  by  Maj. 
C.  R.  Darnall  of  the  Medical  Corps.  It  has  a  capacity  of 
50  gal.  per  hour  and  operates  by  siphoning  the  water 
through  a  filtering  cloth.  A  coagulant  consisting  of 
aluminium  or  iron  sulphate  and  lime,  potash  or  soda  is 
supplied.  It  is  not  necessary  to  sediment  after  coagula- 
tion. The  German  army  has  special  7-candle  Berkefeld 
filters,  which  yield  2,000  liters  per  hour. 

The  use  of  roughing  filters,  with  or  without  a  coagulant 
is  necessary  to  secure  satifactory  and  economical  purifi- 
cation when  using  the  ultra-violet  rays,  ozone  or  other 
chemical  disinfecting  agents.  Christian"  has  used  a  sim- 
ple device  consisting  of  a  barrel  with  perforated  bottom, 
containing  a  layer  of  stones  and  layers  of  sand,  ashes  or 
charcoal.  This  will  remove  clay,  algae,  or  protozoa,  al- 
though a  coagulant,  such  as  aluminium  sulphate,  may  be 
necessary  where  the  water  contains  much  colloidal  ma- 
terial. In  the  Lyster  apparatus,  mentioned  below,  a 
strainer  of  Scotch  outing  flannel  is  used  with  turbid 
water.  This,  of  course,  would  be  but  partially  success- 
ful in  the  presence  of  colloids. 

Owing  to  the  perfection  of  purification  apparatus  for 
cantonments  and  other  permanent  camps,  the  recent 
tendency  has  been  to  give  most  attention  to  the  devising 
of  means  for  the  purification  of  water  for  individual  sol- 
diers and  small  bodies  of  troops  in  the  field.  These 
processes  must  be  simple,  capable  of  being  carried  out  by 
any  of  the  men.  The  chemical  germicides  are  particu- 
larly well  adapted  to  this  sort  of  use.  With  most  of  the 
schemes  involving  their  employment,  the  usual  European 
method  of  application  is  followed.  This  consists  in  heav- 
ily overtreating  the  water  and  then  nullifying  the  excess 
of  the  chemical  by  the  addition  of  a  second  reagent, 
usually  sodium  thiosulphate.  Nearly  all  of  these  processes 
are  based  upon  the  use  of  potassium  permanganate, 
iodine,  bromine  or  chlorine,  as  the  active  germicide.  The 
reactions   involved  are  therefore  oxidizing  reactions. 

Potassium  permanganate  has  been  widely  used  by  the 
British  army  in  their  Indian  campaigns,  as  well  as  for 
the  protection  of  the  soldiery  and  civilians  during  cholera 
epidemics  in  India." 

The  French  Government  is  now  using  permanganate 
for  the  sterilization  of  water  by  individual  soldiers  while 
in  action  (Henri  Penau).'°  A  case  is  supplied  which  con- 
sists of  two  empty  Lebel  cartridges,  soldered  base  to 
base.  Into  one  is  filled  a  mixture  of  50  parts  potassium 
permanganate,  30  parts  dry  sodium  sulphate  and  20  parts 
calcium  carbonate.  Into  the  other  cartridge  is  put  a 
mixture  of  35  parts  sodium  thiosulphate,  35  parts  dry 
sodium  sulphate  and  30  parts  calcium  carbonate.  Alumi- 
num slip-caps  are  fitted  to  the  ends  of  the  cartridges. 
These  caps  serve  as  measuring  cups.  In  use,  one  cupful 
of  the  permanganate  is  put  into  a  liter  of  water  and  after 
two  minutes  or  so,  the  excess  permanganate  is  removed 
by  the  addition  of  a  cupful  of  the  sodium  thiosulphate 
mixture.  One  outfit  holds  enough  chemicals  for  the 
treatment  of  40  to  50  liters  of  water.  Since  permanganate 
is  more  satisfactory  than  the  halogens  for  turbid  waters 
its  use  is  suggested  for  turbid  supplies  which  can  not  be 
filtered. 

A  variation  of  this  process  consists  in  a  combined  per- 
manganate and  copper  sulphate  method,  for  which  a  Ger- 
man patent"  (No.  281,810,  June  7,  1913),  has  been  al- 
lowed. The  salts  are  provided  in  the  form  of  tablets. 
The  reason  given  for  the  additioh  of  the  copper  sulphate 
is  that  it  stimulates  the  liberation  of  oxygen  from  the 
permanganate.  After  10  minutes  action  hydrogen  per- 
oxide is  added,  causing  the  manganese  and  copper  to  be 
precipitated  as  oxides.  After-filtration  is  necessary. 
•  Filters  are  said  not  to  require  cleaning  as  often  as  do 
most  filters,  since  the  copper  in  the  sludge  acts  on  the 
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spore-forming  bacteria  and  prevents  bacterial  growth 
through  the  filter. 

Iodine  has  been  advocated  by  French  and  Italian  au- 
thorities. Vergnoux  recommends  a  10  per  cent  solution, 
with  ^.-2  per  cent  potassium  iodide  in  80  per  cent  alcohol. 
Five  drops  of  this  solution  is  sufficient  for  one  liter  of 
water.  A  few  drops  of  saturated  sodium  thiosulphate 
solution  destroys  the  excess  iodine.  Penau  add  a  spe- 
cial tablet,  containing  .85  gram  of  iodine,  to  200  liters 
of  water.  After  30  minutes'  action  two  grams  of  sodium 
thiosulphate  are  added  to  destroy  the  residual  iodine. 

Bromine  was  tried  out  in  the  Sudan  campaign  of  1898 
and  found  to  be  difficult  and  unreliable.  Its  use  was 
advocated  by  Schumburg,"  who  used  a  solution  of  20 
parts  bromine  and  20  parts  potassium  bromide  in  100 
parts  of  water.  One  cubic  centimeter  of  this  was  added 
to  5  liters  of  water  and  the  excess  was  converted  into 
ammonium  bromide  by  the  use  of  a  volume  of  9  per  cent 
ammonium  hydroxide  equal  to  the  volume  of  bromine  so- 
lution used.  Later  Schumburg  suggested  the  substitu- 
tion of  sodium  thiosulphate  for  the  ammonia.  This 
method  has  been  revived  by  Dr.  Kegel,  who  is  quoted 
by  Aumann"  as  advising  the  use  of  the  same  quantities 
of  bromine  and  potassium  bromide  as  were  used  before 
by  Schumburg,  but  dissolving  them  in  25  per  cent  hy- 
drochloric acid,  instead  of  water.  Satisfactory  results 
are  claimed.  A  caution  is  given  against  packing  the  so- 
lution in  ampoules  since  the  solution  would  be  likely 
to  cause  damage  in  case  of  bi-eakage.  Other  German 
scientists  have  tried  bromine  and  found  it  unsatisfac- 
tory. 

As  would  be  expected,  the  greater  number  of  methods 
are  based  on  the  use  of  chlorine.  For  the  larger  camps 
sterilization  of  water  by  liquid  chlorine  or  calcium  hy- 
pochlorite may  be  carried  out  in  the  ordinary  way,  but 
for  field  sterilization  the  chlorine  is  provided  as  tablets 
or  capsules  of  calcium  or  sodium  hypochlorites  or  simi- 
lar products,  or  in  the  form  of  Javelle  water  or  anti- 
formin.  Javelle  water  is  prepared  by  adding  sodium  or 
potassium  carbonate  to  calcium  hypochlorite  suspension, 
thereby  precipitating  the  calcium  as  the  carbonate  and 
forming  sodium  or  potassium  hypochlorite.  After  set- 
tling, the  clear  liquor  is  used.  Antiformin  is  similar, 
but  it  contains  a  large  amount  (about  30  per  cent)  of 
sodium  hydroxide  as  well.  As  mentioned  above,  the 
water  is  heavily  overtreated  and  an  amount  of  available 
chlorine  many  times  the  quantity  that  would  be  applied 
in  an  American  water  works  is  used. 

Penau  adds  10  cubic  centimeters  of  Javelle  water,  con- 
taining 5  per  cent  available  chlorine,  to  100  liters  of  clear 
water  or  he  adds  2.5  grams  of  calcium  hypochlorite,  con- 
taining 20  per  cent  available  chlorine.  After  5  minutes 
the  addition  of  5  grams  of  sodium  thiosulphate  removes 
the  excess  chlorine  and  its  objectionable  taste. 

Rheins"*  method  consists  in  adding  to  every  liter  of 
water  2.1  cubic  centimeters  of  concentrated  antiformin 
and  1.1  cubic  centimeters  of  25  per  cent  hydrochloric 
acid.  The  chlorine  may  reach  as  high  a  concentration  as 
110  parts  per  million.  The  excess  is  removed  after  5 
minutes  by  0.45  gram  of  sodium  thiosulphate,  while  1.7 
grams  of  bicarbonate  of  soda  are  added  to  take  care  of 
the  acid.  The  water  has  a  slight  alkaline  taste,  and  is 
sterile. 

Vincent  and  Gaillard"  -prepare  a  series  of  tablets  suit- 
able for  1,  5  and  10  liters  of  water.  These  contain  .015, 
.075  and  .150  grams  of  calcium  hypochljrite  and  .08,  .38 
and  .60  grams  of  salt,  respectively.  They  yield  3  to  3.5, 
17  and  35  milligrams  of  available  chlorine.  Action  is 
complete  after  30  minutes.  The  tablets  will  retain  their 
strength  for  several  months  if  kept  cool  and  dry.  In  some 
respects  these  tablets  remind  one  of  the  capsules  which 
were  prepared  by  the  Minnesota  State  Board  of  Health 
from  hypochlorite  and  sodium  carbonate. 

Ditthorn"  uses  0.2  gram  of  a  new  preparation  in  pow- 
der form  said  to  contain  75  per  cent  available  chlorine. 
This  will  sterilize  1  liter  of  heavily  polluted  water.  Ten 
minutes  is  allowed  for  sterilization.  The  excess  chlorine 
is  removed  by  adding  0.4  gram  of  "ortizon,"  a  stable  com- 
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pound  of  carbamide  and  hydrogen  peroxide.  The  wator 
is  turbid,  but  need  not  be  filtered. 

RoUand's"  method  is  simple.  He  adds  enough  calcium 
hypochlorite  to  a  quantity  of  water  to  give  it  a  distinct 
chlorine  taste.  Afterwards  he  filters  it  through  a  fun- 
nel containing  alternate  layers  of  charcoal  and  cotton. 
This  is  to  remove  the  taste. 

A  device  now  in  use  in  the  United  States  Army  is  the 
canvas  bag  devised  by  Maj.  Wm.  L.  Lyster"  of  the  Med- 
ical Corps.  This  is  simply  a  canvas  bag  24  in.  in  diametiT 
by  28  in.  in  height,  weighing  when  empty  about  7',2  lb. 
Five  self-closing  faucets  are  provided  near  the  bottom 
to  make  dipping  up  of  the  treated  water  unnecessary. 
In  use  it  is  filled  with  water  and  a  tubeful  of  calcium 
hypochlorite,  about  15' i>  grains,  is  sprinkled  on  the  sur- 
face of  the  water.  It  is  not  necessary  to  .stir  the  hypo- 
chlorite into  the  water.  In  5  minutes  the  water  is  claimed 
to  be  fit  for  use.  The  bag  is  provided  with  a  strainer 
of  Scotch  outing  flannel  for  roughly  filtering  turbid 
waters. 

Aa  has  been  said  above,  these  hasty  chemical  processes 
are  not  capable  of  purifying  a  water  as  well  as  the 
methods  involving  the  use  of  special  apparatus,  such  as 
filters.  It  is  with  turbid,  muddy  waters  that  the  chem- 
ical processes  fail  most  completely.  However,  the  ."spe- 
cial apparatus  required  for  the  more  perfect  purification 
— even  that  of  a  transportable  type — is  often  too  far  be- 
hind the  troops  to  be  of  any  use  to  them.  It  is  then  that 
the  chemical  processes  reach  their  greatest  importance. 
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STEEL  WALL  FORMS  FOR  I.MHOFF  TANK  CON- 
STRICTION AT  COLUMBUS  SEWAGE 
TREATiMENT  PLANT. 

(Contributed.) 

Without  causing  a  complete  shutdown  at  the  Colum- 
bus sewage  treatment  plant,  the  original  settling  tanks 
are  being  converted  into  Imhoff  tanks  by  the  use  of  light 
steel  wall  forms  in  standard  units,  supplemented  by 
specials  for  intersections  of  surfaces  in  different  planes. 
While  half  of  the  tanks  are  thus  being  modified,  the  other 
half  are  continued  in  operation,  taking  the  entire  flow 
of  the  plant.  The  outer  walls  of  the  original  tanks  are 
left  in  place  and  are  used  as  the  outer  walls  of  the  Im- 
hoff tanks.  The  work,  naturally,  is  being  spread  through 
two  seasons. 

The  contractor  for  this  work,  D.  W.  McGrath,  of  Co- 
lumbus, 0.,  is  using  Blaw  light  wall  forms  for  practically 
all  of  the  new  w^ork,  excepting  the  end  channels  for  the 
admission  and  outflow  of  the  sewage.  The  latter  are  of 
such  variable  form  as  not  to  permit  a  sufl^cient  amount 
of  re-use  of  the  forms  to  justify  the  use  of  steel. 

The  first  operation  consists  of  excavating  below  the 
bottom  of  the  old  tanks  and  constructing  pits  with  con- 
crete walls  and  sumps  in  their  bottoms  for  the  collection 
of  the  sludge.  The  forms  are  set  up  for  one  of  these 
pits  complete,  a  height  of  8  ft.  above  the  top  of  the  sump. 
These  forms  are  filled  and  removed  before  the  wall  is. 
carried  up  higher,  being  used  again  on  another  sump  as' 
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soon  as  they  are  taken  away  from  the  first  one  con- 
structed. 

The  illustration  shows  the  ateel  forms  filled  with  con- 
crete for  the  construction  of  one  of  these  sumps.  The 
system  of  liners  holding  the  forms  rigidly  in  position  is 
well  shewn,  and  it  will  be  noted  that  on  the  overhang- 
ing wall  the  liners  are  bent  so  as  to  produce  a  wall  of 
exactly  the  right  profile. 

The  forms  used  on  this  work  are,  with  the  exception 
of  the  specials  provided  for  the  intersections,  strictly 
standard  light  wall  forms,  adjustable  for  use  on  all  plain 
wall  work,  where  the  height  poured  at  any  one  time  does 
not  exceed  10  ft.  These  forms  are  attached  to  the  liners 
before  they  are  erected  and  may  be  shifted  either  in  units 
2  ft.  wide  and  10  ft,  12  ft.,or  14  ft.  long,  as  desired,  with  the 
horizontal  liners  attached,  or  in  larger  units  with  the  ver- 
tical liners  attached,  in  which  case  it  is  necessary  to  em- 


Steel   Forms   for   lir.lioff  Tank   Walls. 

ploy  a  derrick  to  handle  the  form  on  account  of  the 
weight.  The  form  weighs  about  the  same  per  square  foot 
of  surface  as  a  well-made  wooden  form,  but  occupies  less 
space  and  has  much  greater  stiffness. 

On  this  particular  job  the  forms  used  in  the  sumps 
were  shifted  by  the  derrick  in  units  12  ft.  wide  by  8  ft. 
high  or  96  sq.  ft.  to  a  unit,  similar  units  being  used  in 
the  upper  sections.  In  shifting  these  large  units,  they 
are  picked  up  by  the  derrick  and  swung  around  into  a 
new  place  wherever  desired,  necessitating  little  handling. 

COST  OF  THE  CITY  TUNNEL  OF  THE  CATSKILL 
AQUEDUCT,  NEW  YORK  WATER  SUPPLY.* 

The  city  tunnel  is  18  miles  in  length  from  Hill  View 
reservoir  to  the  terminal  shafts  in  Brooklyn,  and  its  fin- 
ished diameter  is  15  ft.  for  the  first  8  miles  reducing  from 
this  size  by  successive  decrements  of  12  in.  to  11  ft.  in 
Brooklyn.  Of  the  24  shafts  through  which  the  tunnel 
was  constructed,  22  were  built  as  waterway  shafts 
through  which  the  Catskill  supply  could  be  delivered  to 
the  street  mains.  Shaft  1,  a  construction  shaft,  was 
plugged  and  Shaft  11  has  no  waterway.  Two  shafts,  11 
and  21,  both  located  at  low  points  in  the  tunnel  profile, 
were  built  as  drainage  shafts  through  which  to  unwater 
the  tunnel  for  inspection  and  repairs. 

Some  minor  work  remaining  to  be  done  does  not  permit 
of  final  exact  costs  being  given,  but  the  following  figures 
are  substantially  correct: 

FYeliminary  Investigations: 

Borings.  Contracts  .IS,  73.  98 $      171  942 

Sur\eys   and   studies 189!357 

Real  Kstate:  S^liuii 

Avards  for  tunnel  easement  and  shaft  property $      314  414 

i-.Kpenscs  of  condemnation 35i904 

$      350.318 

'Extract  from  a  paper  by  Walter  B  Spear.  Department  Engineer 
Board  of  "Rater  Supply.  New  York  City,  in  the  Journal  of  the  Ameri- 
can ^\  ater  \\  orks  A.-^ociation  for  June,  1916. 


Construction: 

Tunnel  Contracts  63,  65.  66  and  67 $18, 11.'), 000 

Equipmfrnt    contracts    8S0  000 

Superstructures    150  000 

EnBlncerins     '.'...'.'....        950.'ooii 

$20,395,000 

$21,106,617 

The  unit  costs  of  the  several  sizes  of  tunnel  based  on 
the  estimated  final  quantities  and  the  contract  prices,  and 
exclusive  of  preliminary  work,  real  estate,  superstructures 
and  engineering,  are  shown  in  Table  I: 

TABLE  I.— ESTIMATED  COST  OF  THE  CITY  TUNNEL,. 

'  Number   ot       , — Depth   of  shafts — ^      Cost  of  tunnel 

3  shafts.  .  per  lln.  ft. 

%-  *^  t  >.  *J  .*- 

O  o  cs'3  -  •-  ;;. 

«-  ;j  te  c  -  —  — ■  -o  ^■ 

|c       g .       .  c     rs.S      I         p  s  i        ■See 

Q-          Jc          fe.-.S       irt^         ?;              S  E-.  H  HmS 

1-5          3.S.92i;            1            8V4'         21S            477  2,910  $146  $195 

U          23,24r           0           7                220            447  1.954  151  202 

13            4,553            0            1                204            224  214  146  182 

12            9,0SL.           0           2                204            749  l.OO.-.t  141  204 

11           15,096           0           4i^»         318           757  2,305t  139  249 

♦Where  tunnel  diameter  changes,  one-half  cost  ot  shaft  is  charged 
to  each  size  tunnel. 

tLengths  of  tunnel  and  depths  of  shafts  are  according  to  original 
profile  on  which  pa>'ment  is  based. 


TYPICAL  DESIGNS  OF  CIRCULAR  REINFORCED 
CONCRETE  RESERVOIRS.* 

Figure  1  shows  in  cross-section  the  wall  and  part  of 
the  bottom  of  a  2,000,000-gal,  reservoir,  120  ft.  inside 
diameter,  19  ft.  10  in.  deep  at  the  wall,  and  24  ft.  10  in. 
deep  at  the  center.  This  reservoir  was  built  partly  in 
excavation  and  partly  in  embankment  on  clay  soil.  Its 
bottom,  which  was  5  in.  thick,  was  reinforced  throughout 
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Figure  2  shows  in  cross-section  the  wall  of  another 
reservoir  in  which  the  steel  reinforcement  was  stressed  as 
are  the  hoops  in  a  barrel.  This  wall  was  built  to  enlarge 
the  capacity  of  an  e.xisting  reservoir  by  increasing  its 
depth  from  14  to  32  ft.  The  inside  diameter  of  the  reser- 
voir, as  enlarged,  was  142  ft.,  and  its  capacity  about 
4,000,000  gal.  Right  along  side  of  this  old  reservoir  was 
constructed  a  new  one  which  was  so  designed  that  the 
part  of  it  which  showed  above  the  finished  grade  should 
be  an  exact  duplicate  of  the  enlarged  old  reservoir,  and 
Fig.  3  is  a  section  through  the  wall  of  the  new  reservoir. 
Here  again  the  reinforcing  steel  is  subjected  to  hoop 
stresses. 

Criticising  his  own  work  in  the  light  of  later  experi- 
ence, the  writer  would  say  that  in  designing  the  wall 
shown  in  Fig.  3  he  made  a  mistake  in  putting  all  of  the 
steel  near  the  inner  face  of  the  wall  and  none  of  it  very 
close  to  the  outer  face.  The  practical  result  of  this  was 
that  in  the  cold  weather  which  followed  shortly  after  the 
construction  of  this  reservoir,  vertical  cracks  showed  up 
in  the  outer  surface  of  the  wall  all  the  way  around  at  dis- 
tances of  20  or  25  ft.  apart.  These  cracks  were  visible 
only  near  the  bottom  where  the  wall  was  thickest  and 
where  the  bulk  of  the  concrete  lay  outside  of  the  rein- 
forcing steel.  None  of  them  went  through  the  wall,  and 
no  leakage  resulted  from  these  cracks,  so  that  they  did  no 
harm  except  to  cause  some  unnecessary  alarm  when  they 
were  first  discovered.  They  are  not  now  in  evidence,  as 
the  earth  embankment  around  the  reservoir  covers  the 
lower  fourteen  feet  of  its  height. 

Figure  4  is  a  section  through  the  wall  of  a  reservoir  of 
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Fig.   1— Wall   Section    and    Ladder   Detail   of  2,000,000-Gal.    Reservoir  120    Ft.   In   Diameter.     Fig.  2 — New  and   Old   Wall   of   Enlarged    Reservoir   142 

Ft.    In    Diameter.      Fig.    3 — Wall    Section    of   4,000,000-Gal.    Reservoir. 


with  steel  sufficient  only  to  resist  temperature  stresses. 
The  reinforcement  in  the  wall  was  continuous  around  the 
circumference,  and  was  designed  to  resist  the  internal 
pressures  just  as  the  hoops  on  a  barrel  resist  the  internal 
pressures  in  the  barrel. 

•Extract   from   a  paper  by  Dahney  H.    Maury  in   Journal   American 
Water  Works  Association  for  June,   1916. 


10,000,000  gal.  capacity.  The  diameter  of  this  reservoir  is 
300  ft.,  and  its  depth  at  the  wall  15  ft.,  and  at  the  center 
25  ft.  The  bottom  is  reinforced  throughout  to  resist 
temperature  stresses,  and  the  wall  is  designed  as  a  canti- 
lever gravity  section,  with  only  enough  steel  around  the 
circumference  to  resist  temperature  stresses.  This  reser- 
»foir  is  believed  to  be  the  largest  reinforced  concrete  reser- 
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voir  ever  built  without  expansion  joints.     1^  was  built  in 
100  days,  and  was  practically  watertight  when  finished. 

Figure  5  is  a  section  through  the  wall  of  a  7,500,000-gal. 
reservoir  built  almost  wholly  in  excavation,  a  considerable 
portion  of  the  excavation  being  stratified  limestone  rock. 
The  diameter  of  this  reservoir  was  ISO  ft.,  and  its  depth  42 
ft.  In  this  case  the  lower  part  of  the  wall  was  thin  and 
was  built  solidly  against  the  rock,  while  that  portion  of 
the  wall  above  the  rock  was  constructed  as  a  continuous 
slab  supported  by  buttresses  carried  down  to  the  rock,  the 
height  of  the  thick  portion  of  the  wall  and  the  height  of 


Fig.  -^ — Wall  Section  of  10.0CO,OOO.Gal.  Reservoir  300  Ft.  In  Diameter. 
Fig.   5— Wall   Section    of   7,500,000. Gal.    Reservoir   180   Ft.    In    Diameter. 

the  buttresses  varying  with  the  elevation  of  the  upper 
surface  of  the  solid  rock. 

It  will  be  noted  that  in  the  first  three  cases  shown  the 
reinforcing  steel  was  stressed  hoop-fashion,  but  that  in 
the  larger  reservoirs  of  10,000,000  and  7,500,000  gal. 
capacity,  respectively,  the  hoop  method  was  not  used. 

While  no  definite  line  can  be  drawn,  it  is  thought  that 
the  4,000,000  gal.  reservoirs,  which  were  142  ft.  in  diameter 
by  32  ft.  deep,  were  fairly  close  to  the  limit  of  size  in 
which  the  hoop  method  of  reinforcing  could  be  eco- 
nomically employed.  For  capacities  greater  than  these. 
the  amount  of  steel  re(iuired  per  vertical  foot  of  wall  be- 
comes excessive,  and  usually  some  other  type  of  wall  will 
be  found  more  economical  for  the  larger  reservoirs. 


SOME  POSSIBILITIES  OF  PRESSURE  FILTERS.* 

One  kind  of  service  for  which  the  pressure  filter  is  par- 
ticularly well  adapted  is  the  treatment  of  water  exclusively 
for  industrial  use,  where  the  elimination  of  bacteria  is 
not  essential  and  where  in  some  instances  even  complete 
clarification  is  not  necessary.  For  this  service  the  pres- 
sure filter  in  its  usual  form  proves  cheap  and  suitable. 
Good  washing  is  of  full  importance,  and  a  combined  set- 
tling and  coagulating  basin  m.ay  be  a  necessity  in  the 
case  of  a  muddy  water  supply,  but  precise  rate  control 
and  recording  devices  are  not  so  important  and  direct 
service  to  the  distribution  system,  allowing  demand  to 
control  the  rate  of  filtration,  is  often  entirely  satisfactory. 

The  cost  of  a  thoroughly  up-to-date  installation  of 
1,000,000  gal.  daily  capacity  would  be  about  as  follows: 

Two  S-ft.  X  I'O-ft.  filters  equipped  in  the  ordinarv  wav.  includ- 
ing erection  and  foundations f  5,000 

Controlling  devices,   air  wash  equipment  and  general  improve- 

ments     1.300 

Settling  basin  of  two  hours'  capacity 3.500 

'Extract  frcm  a  paper  by  Harold  E.  Stevens  in  the  Journal  of  the 
.American  Water  Works  Association  for  .June,  1916. 
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Low-lift  pumps  1.200 

Superstructure     1,500 

Total     $12,500 

A  first-class  gravity  plant  of  the  same  capacity  costs  in 
the  neighborhood  of  ^20,000.  For  large  plants  the  cost  of 
construction  per  million  gallons  daily  capacity  would  be 
about  $12,500  for  gravity  filters  and  about  $9,000  for  pres- 
sure filters.  These  figures  are  not  offered  as  being  exact 
and  there  will,  of  course,  be  considerable  variation, 
depending  upon  the  character  of  the  site  and  other  condi- 
tions attending  construction,  and  upon  prices  of  labor  and 
materials,  but  they  will  serve  to  indicate  in  a  general  way 
the  relative  cost  of  installation. 

The  cost  of  operation  of  pressure  filters  should  be  about 
the  same  as  is  the  case  with  gravity  filters,  except  that 
the  cost  of  pumping  may  be  a  little  greater,  on  account  of 
the  greater  head  utilized  in  the  filter.  The  cost  of  upkeep 
will  be  a  little  higher  for  pressure  filters,  owing  to  the 
greater  amount  of  steel  work  to  be  kept  painted.  Depre- 
ciation will  also  be  a  little  more  rapid,  but  the  fact  that 
certain  pressure  filters  are  still  in  use  after  twenty-five  to 
thirty  years  of  service  shows  this  item  to  be  almost  insig- 
nificant. 

The  conclusions  of  the  writer,  summarized  briefly,  are 
as  follows:  (1)  The  pressure  filter,  as  thus  far  con- 
structed, is  in  some  instances  a  very  inferior  means  of 
purifying  water,  hygienically,  and  in  other  cases  an  excel- 
lent means,  but  on  the  average  it  is  not  entirely  reliable. 
(2)  There  are  no  great  obstacles  in  the  way  of  developing 
it  to  the  point  of  equality  with  the  best  gravity  filters  as 
regards  efliciency  and  reliability,  for  any  capacity  and  for 
most  waters.  (3)  It  is  better  adapted  to  the  treatment 
of  some  waters  than  the  gravity  filter.  (4)  It  is  espe- 
cially suited  to  very  small  water  supplies  and  to  the  clari- 
fication of  water  for  industrial  uses.  (5)  The  cost  of 
construction  of  the  highly  developed  pressure  filter  is 
materially  less  than  that  of  the  gravity  filter,  and  low 
enough  to  more  than  offset  a  somewhat  greater  expense 
for  operation  and  maintenance.  (6)  The  improved  pres- 
sure filter  deserves  the  most  careful  consideration  by 
sanitary  engineers,  filter  manufacturers  and  public  health 
officials. 


ENGINEERING  WATER  SUPPLY  BY  GAS  ENGINE 
DRIVEN  PUMP. 

I  Contributed.) 

The  water  department  of  a  central  Pennsylvania 
town  was  compelled  by  a  sevare  drouth  to  shut  off  the 
water  supply  from  all  the  factories  in  the  district  it 
served,  and  the  supply  even  then  was  too  scant  to  pro- 


Emergency  Gasoline  Engine  Water  Supply. 

vide  for  the  electric  light  and  power  plant  on  which  the 
entire  town  was  dependent.  During  this  dry  period  an 
emergency  supply  was  secured  for  over  a  month  by 
placing  a  gasoline-engine  driven  pump  on  the  bank  of 
a  stream  about  a  mile  away  and  conducting  the  discharge 
through  a  I'b-in.  pipe.     Night  and  day  operation  of  the 
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pump  supplied  the  power  plant  (300  kw.  capacity)  and 
also  a  large  machine  shop  and  foundry,  all  of  which  would 
otherwise  have  had  to  shut  down. 

The  pumping  engine  as  illustrated  was  a  3  h.p.  unit 
with  4-in.  pump  (5-in  stroke)  having  a  capacity  of  over 
38,000  gal.  in  24  hours.  The  two  pipes  leading  down  in 
front  to  the  water  are  the  suction  and  the  overflow.  The 
latter  carried  all  surplus,  which  escaped  through  a  re- 
lief valve,  back  to  the  stream.  The  considerable  quan- 
tity of  water  shown  coming  back  through  this  overflow 
indicated  that  the  pump  had  plenty  of  surplus  capacity. 

A  gang  of  four  men  with  a  team  of  horses  in  less  than 
a  day  installed  the  entire  outflt,  which  included  a  mile 
of  the  delivery  pipe,  laid  over  the  ground  on  the  most 
convenient  route  to  the  power  house. 

The  pumping  engine  was  a  standard  outfit  of  the  type 
made  by  Domestic  Engine  &  Pump  Co.,  Shippensburg, 
Pa.,  for  the  use  of  contractors  in  supplying  water  for 
contract  jobs.  It  is  said  that  this  method  of  pumping 
offers  far  greater  capacity  than  the  ordinary  method  of 
hauling  in  tank  wagons,  is  very  much  lower  in  cost,  and 
is  equally  valuable  to  manufacturers  for  temporary  or 
permanent  water  supply,  and  to  farmers  and  orchardists 
for  irrigating. 


PUMPING  WATER  FOR  IRRIGATION. 

Conliiliuted   by  Louis  Schmeer,  Irrigation  Engineer,   Colton,   Cal. 
(Continued  from   May  31.   1916.) 

The  Theory  of  the  Flow  of  Wells. — In  discussions  on 
this  subject  the  notation  used  is  as  follows: 

R  =  the  semi-diameter  of  a  well. 

L^the  semi-diameter  of  the  circular  part  of  the  water- 
bearing stratum  tributary  to  the  well  (Fig.  1). 

H  ^  the  elevation  of  the  watertable  in  the  stratum  at 
the  distance  L  from  the  center  of  the  well,  reckoned  from 
a  horizontal  passing  through  the  lower  edge  of  the  water- 
bearing  stratum   at  the   well,   providing   the   stratum   is 


Fig.    1. 

entirely  penetrated;  otherwise  reckoned  from  a  horizontal 
passing  through  the  floor  of  the  well;  or,  the  elevation  of 
the  water  in  the  well  above  the  same  datum  when  pump- 
ing commences. 

h  =  the  elevation  of  the  water  in  the  well   above  the 
same  datum  when  Q  cubic  feet  per  day  are  being  pumped. 
Z  =  H  —  h  =  the  depression  of  the  surface  of  the  water 
in  the  we'll  when  Q  cubic  feet  per  day  are  being  pumped. 

If  we  conceive  a  circular  section  of  the  waterbearing 
stratum  surrounding  the  well  to  have  an  elevation  y  above 
datum  at  the  distance  X  from  the  center  of  the  well  the 
circumference  of  the  circle  is  equal  to  2  'r  X  and  for  ver- 
tical flow,  since  2  t  X  y  is  the  area  of  percolation. 
Q  =  K  2  T  X  y. 
At  the  distance  R   from  the  center  of  the  well  the  area 
of  percolation  is  equal  to  2  f  R  h  and  for  vertical  flow 
Q  =  K2'rRh. 
The  slope  between  the  elevations  y  and  h  is  given  by 
y  — h 
X  — R 
and  the  equation  for  the  surface  of  the  vvatertable  in  the 
region  surrounding  the  well  may  consequently  be  written, 
dy  —  dh  _  _Q_  _L 
d  X  —  d  R  ~  2 
which   gives,   for  X  =  R,  y  =  h 
X  =  L,  y  =  H 


X  y 


V  y' 

-  h' 

Q 

-    K    2    TT 

logX 

1 

2 

Ml 

—  h« 
2 

Q 

-  K  2  X 

logL 

— Lc 

Hence 

the  flow 

in  cubic  feet 

per 

day 

H>- 

h« 

K  2  IT 


Q  = 


log  L  —  log  R 
in  which  the  log.  is  the  Naperian. 
This  is  known  as  Dupuit's  formula. 

H  +  h 


K2'r 


Q 


It  mav  be  written : 


(1) 


log  L       —       log  R 

In  practice  it  has  been  found  that  for  values  of  Z  less 
than  •'54  H  the  yield  is  very  near  proportional  to  H  Z,  so 
that 

_    K2t       HZ 

^  ~  log  L  —  log  R    *^2^ 

Consequently,  from  formula   (^2), 

(1)  The  yield  is  proportional  to  the  thickness  of  the 
saturated  part  of  the  stratum  as  far  as  penetrated  by 
the  well; 

(2)  The  yield  is  proportional  to  the  drawdown,  or  the 
depression  of  the  surface  of  the  water  in  the  well  during 
continuous  pumping. 

The  value  of  H  is  not  increased  by  any  distance,  the  well 
may  penetrate  into  an  impervious  stratum  occurring  be- 
low the  water  bearing  layer. 

Should  however  the  surface  of  the  water  in  the  well  as- 
cend above  the  stratum  in  which  it  originates  the  flow  will 
be  increased  and  the  well  is  said  to  have  a  head.  This  rise 
usually  takes  place  when  the  waterbearing  stratum  rests 
on  a  slope  and  is  capped  by  an  impervious  layer;  it  may, 
however,  occur  when  an  impervious  cover  is  absent.  In 
this  case  it  is  due  to  greater  velocities  of  flow  in  the 
lower  zones  of  the  stratum,  occasioned  by  a  diminution  of 
the  viscosity  of  the  water  under  the  greater  pressure.  Sup- 
pose the  water  ascends  to  an  elevation  p  feet  above  the 
porous  stratum  and  this  is  penetrated  to  a  depth  of 
H  ft.  by  the  well.  The  yield  will  then  be  equal  to 
K2tHZ         (H  +  p)  = 


Q^ 


(3) 


log  L  —  log  R  H= 

In  case  the  water  rises  above  the  surface  of  the  ground 
the  flow  is  artesian. 

Let  Y  =  the  elevation  above  the  surface  of  the  ground 
to  which  water  will  ascend  in  a  tube,  then, 

0  = (4) 

^      logL— logR 

The  difl^iculty  in  finding  a  value  for  the  distance  L  has 
occasioned  much  discussion.  Dupuit  and  some  of  his  fol- 
lowers considered  it  to  be  a  variable;  the  best  of  the 
contemporary  authorities,  however,  assume  it  to  be  a 
constant.  Slichter  assumes  L  =  600  ft.;  some  European 
hydrologists  200  meters. 

The  results  of  numerous  tests  of  wells  lead  the  con- 
tributor to  believe  that  log   —5-     =2^  both  for  English 

and  metric  measure.    This  gives  L  =  535  ft.  =  163  meters. 
Hence  in  case  R  =  unity  =  1  ft.,  the  flow  is  equal  to 

«=^;ir=-^ '- 

For  values  of  R  less  or  greater  than  unity,  the  power 
of  the  semi-diameter  to  which  the  flow  is  proportional  is 
found   by   putting 

6.28  6.28 

log  6.28  —  log  Ri       log  6.28  —  log  R  o 
log  Ri  —  log  R  o 

which  gives  for  values  of  R  between    1     in.  and    1 


X  = 


X  =  - 


for  values   of  R  between   1   and   10   ft.   X  — 


ft. 

1 

5  ' 


very  near.     Hence  for  wells  up  to  2  ft.  in  diameter 
Q  =  K  H  Z  V"^  (0.70  —  0.08  T  C°)   (6) ; 
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for  the   same   with   a   head    p  above    the 
waterbearing  stratum 

Q  =  KHZ  Vll^   "^   ^    )     (0.70  — 0.03  TC)...  (7); 

for  the  same  with  an  artesian  head  Y  above  the  outlet 

Q  =  K  H  Y  v'r'  (0.70  +  0.03  TCI     (8) 

in  all  of  which  VR  is  substituted  for  VR  in  case  the 
diameter  of  the  well  exceeds  2  ft.  Should  the  well  not 
entirely  penetrate  the  water  bearing  stratum  there  is 
some  influx  through  the  bottom  and  the  discharge  will  be 

Q  =  KHZ  v'r  +  2'^KHR  (0.70  — 0.03  TC      .  .(9) 
From  this  it  is  seen,  that  the  discharge  of  an  infiltra- 
tion well,  that  is,  one  lined  with  a  watertight  wall  or  cas- 
ing and  into  which  the  water  filters  through  the  bottom 
only  is  given  by 

Q  =  2tKHR  (0.70  +  0.03  T  C)    (10) 

Values  of  V  R  and  V  R  for  the  most  common  semi- 
diameters  are  found  in  Table  III. 

T.\BLE   III. 

r>.  in  a/—  !'■  in            »/ —  D.  i"  n/—  D'  '"  »,'— 

inches.  vR.  Inches.  VR.  feet.  VR.  feet.  yu. 

2  O.T.i             II  0.93.-,  4  I.IM  6  l.Dlfi 

4  0  SOO              IG  O.S.iO  6  1-246  18  1.552 
fi  0.841              IS  0.965  S  1.320  20  1.5S5 

5  0S71  20  0.977  10  1.380  24  1.644 
10  O.S9i;  22  0.989  12  1.431  28  1.69.'; 
Ij              0.917              L'4              1.000              14              1.47,'.              32              I.i41 

For  a  drawdown  of  one  foot  the  yield  of  a  two-foot 
well  penetrating  a  waterbearing  stratum  to  a  depth  of 
10  ft.  is  about  as  follows,  T  C   =  10°. 

T.\BLE   IV. 

D  in  Q  in  cu. 

Material                                        millimeters.  K.  ft.  per  day. 

Fine    CTavel                      1      -2  600    -2,400  6.000-24,000 

Coarse  sand    1'.'. 0.5-0.75  150    -    337.5  1,500-3.375 

Medium   sand    0.25-0.375  37.5-      84.4  375-      S44 

Fine  sand    0.10-0.1875  6    -      21.1  60-      211 

Ve^^•   fine    sand 0.05-0.075  15-        3.37  15-        33.7 

Potsdam  or  Dakota  sand- 
stone               0.10  9.5  9o 

In  case  a  well  passes  through  a  stratum  consisting  of 
successive  zones  of  unequal  transmission  capacity  the 
discharge  will  be  ecjual  to: 

8/— 

Q=  (h,  K,  +  h=k. +  hnkn)  Z  V  R  (0.70+  0.03TC°.(11) 
in  which  h.  is  the  depth  of  the  upper  zone  and  Ki  the 
transmission  capacity  of  the  material  within  it,  h:  the 
depth  of  the  second  zone  and  K.  the  corresponding  trans- 
mission constant,  etc.,  etc. 

In  Part  II,  Report  of  U.  S.  Geol.  Survey  of  1898,  Prof. 
King  gives  data  relating  to  a  test  of  a  well  penetrating 
into  a  stratum  of  Potsdam  sandstone  consisting  of  layers 
of  unequal  transmission  capacity  which  strikingly  illus- 
trate the  most  noteworthy  principles  involved  in  the  flow 
of  wells. 

The  test  well  was  6  in.  in  diameter  and  penetrated  the 
stratum  to  a  depth  of  20.36  ft.  without  however  entirely 
passing  through.  At  the  commencement  of  pumping,  the 
surface  of  the  water  in  the  well  stood  26.32  ft.  above  the 
surface  of  the  sandstone,  the  entire  depth  of  the  water 
being  47.16  ft. 

The  depths  of  the  different  zones  of  the  sandstone,  the 
effective  diameters,  the  porosity  percentages  and  the  cor- 
responding values  of  h  K.  —  h;  K,  etc.,  as  computed  from 
the  formula  K  =  22,464  P  3.3  D  2  were  as  follows : 

Effective 
diameter  of 

Thiclsness  of  zone         sand   grains  Porosity  V,->lue  of 

In    feet.                        in   m.m.  percentage.  h  1\. 

2.5                              0.05612  0.338  4.93 

4.67                              0  07817  0.3399  18.05 

6.67                               0.1214  0.3122  48.52 

7.00                            0.2006  0.3040  124.50 

20.  S4  196.00 

196 
Hence  the  average  value  of  K  is  equal  to — sttsi  ^^9-4. 

20.84 

/H  +  p\- 
For  H  +  p  =  47.16  and  H  =  20.84  the  value  of  I  — -- 

is  equal  to  5.12.  For  a  diameter  of  6  in.  the  value  of  v  R 
is  0.841.     Since  the  well  does  not  penetrate  through  the 
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whole  of  the  stratum  the  infiltration  through  the  bottom 
amounts  to  Q  =  6.28  X  196  x  0.25  =  307  cu.  ft.  per  day. 

Inserting  these  values  we  have  the  equation 
Q  =  (196  X  0.841  X  5.12)   Z  +  307. 

The  following  table  gives  the  measured  and  the  com- 
puted flow  for  the  several  values  of  Z: 

Mrawdcnvn    in    feet.  Measured    How.  Computed  flow. 


■/.. 
l.:!:i3 

Cu. 

ft.   per  day. 
1,440 

Cu. 

ft.   per  day 
1,430 

2.:^o.s 

2,266 

2,168 

2.917 

2,874 

2,766 

3.33.3 

3.055 

3,113 

II. — The  Influence  and  the  Spacinf;  of  Wells. 

The  ideal  well  is  one  so  situated  that  the  waterbearing 
stratum  ascends  in  every  direction  from  its  center.  From 
formula  (5)  it  is  seen  that  the  radius  of  influence  of  such 

.  /—  ,-,  /- 

a  well  is  given  by  535  V  R  or  535  V  R,  as  the  case  may  be. 

In  practice  the  waterbearing  .stratum  usually  only  as- 
cends in  one  direction  from  the  center  of  the  well  and  the 
actual  radius  of  influence  is  a  quantity  varying  in  every 
direction.  Its  value  in  any  direction  depends  on  the 
normal  velocity  of  flow  in  the  stratum,  or  on  the  slope. 
The  curve  of  radii  of  influence  of  a  well  on  a  slope  re- 
sembles the  section  of  a  pear,  the  stem  pointing  up  stream. 
The  normal  movement  of  the  water  in  the  stratum  is 
proportional  to  the  slope  of  the  watertable  into  half  the 
depth  of  the  .stratum.  If  the  stratum  is  penetrated  by 
a  well  the  dividing  line  between  the  movement  towards 
the  boring  and  that  downstream  is  evidently  given  by  the 
points  where  the  velocities  of  flow  are  equal. 

Let  s  =  the  slope  of  the  watertable ; 

h  =  the  depth  of  the  stratum ; 

z=:the  drawdown  in  the  well  during  pumping; 

L  =  the   di-stance   from   the   well    where   the   velocities 
are  equal;  then,  for  equal  velocities 
KHs  KHz 


2P  2PL  (logL  — logR) 


which  gives 


s  (log  L— log  R) 
The  following  table  gives  values  of  L  for  a  2  ft.  well 
computed  from  this  formula.     All  these  values  are  to  be 

multiplied  by   V  R  or  V  R  for  any  other  diameter  of  the 
well. 


T.\BLE  V. 
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-V.VLUES  OF  L  FOR  A  WEU^ 
Radii  of  Influence. 


FT,   IN  DIAMETER. 


:  drawdown    in    feet.- 


1          2.5         5         7.5  10 

3110  7050  13170  i;mi:;0  24700 

216S   4900   9100  1.1170  171M0 

16S0  3790  7050  loir.ii  1:!170 

5770  S310  10770 


l.'ISO 
754 
416 
293 
230 
191 
136 
107 

60 
44 
35 
29 
14 


3110 

16S0  3110 


916 

644 

502 

416 

293 

2?0 

163 

128 

92 

72 

62 

35 


4460  5770 
1680  2400  3110 
117S  1680  2168 
1300  1680 
1074 
754 
588 
416 
324 
230 
180 
149 
84 


12.5   15   17.5   20    25    30 
30280  35760  41190  46520  57100  67400 
20940  24700  2S400  32100  39400  46500 
16100  19000  21880  24700  30300  35760 
13170  15540  17870  20170  24700  29180 

7050  8310  9540  10770  13170  15540 


916 
754 
531 
416 
293 
230 
163 
128 
107 
62 


13S0 
970 
754 
531 
416 
293 
230 
191 
107 


3790 

2640 

2040 

1680 

1178 

916 

644 

502 

354 

277 

230 

128 


4460 


5120  5770 
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1970 
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1074 

754 

588 

485 

268 


The  frequent  occurrence  of  the  figure  3110  and  others 
in  Table  V  indicates  that  the  radius  of  influence  remains 
constant  whenever  Z  and  s  are  multiplied  equal  times. 
The  tabular  radii  of  influence  are  those  at  right  angles 
to  the  greatest  slope  or  to  the  normal  movement  of  the 
water.  Between  two  wells  they  indicate  the  point  of  no 
depression,  for  a  single  well  the  point  where  the  separa- 
tion between  the  normal  movement  down  the  slope  and 
that  towards  the  well  takes  place.  Pointing  up  stream 
the  radius  of  influence  is  much  longer,  downstream  much 
shorter  than  the  tabu'lar  radius. 

Suppose  it  is  desired  to  intercept  the  underground  flow 
passing  down  a  valley  having  a  slope  of  7.92  ft.  per  mile. 
It  is  proposed  to  sink  a  row  of  14-in.  wells  each  having  a 
discharge  of  2.5  second  feet.  A  testwell  sunk  to  a  depth 
of  30  ft.  below  the  plane  of  saturation  indicated  a  draw- 
down of  20  ft.  for  the  desired  discharge.  For  this  draw- 
down and  the  given   slope  the  table  gives  L=  1,780  ft. 
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Hence  for  a  total  non-interference  the  distance  between 
two  wells  will  be  2  X  i,780  =  3,560  ft.  The  question  arises : 
Does  all  the  water  coming  down  the  slope  in  a  strip  of 
the  stratum  2L  ft.  wide  enter  the  well?  If  our  formulas 
are  correct  this  is  evidently  not  the  case. 

For  the  given  slope  and  depth  of  the  stratum  the  normal 
flow  through  a  strip  2  L  =  3,560  ft.  wide  is  equal  to  Q  = 
K  X  30=  X  7.92  X  3,560 
^^r^;280 =  ^  ""  2,403  cu.  ft.  per  day. 

The  flow  into  a  14-in.  well  for  the  given  drawdown  is 
equal  to  Q  =  K  X  30  X  20  X  0.935  =  K  X  561  cu.  ft.  per 
day. 


The  flow  through  the  strip  is  consequently 


2403 


561 


=  4.28 


times  the  flow  into  a  14-in.  well  and  a  row  of  wells 


3560 

4.28 


=  830  ft.  apart  will  probably  very  near  drain  the  stratum 
of  all  its  water.  For  a  complete  drawdown,  equal  to  the 
depth  of  the  stratum,  the  spacing  would  be  1,245  ft. 

From  this  it  follows,  that  the  spacing  in  general,  for 
any  drawndown  Z  and  any  depth  of  the  stratum  H  pene- 
trated by  the  well  is  given  by 

2  \rRZ 


L=- 


sH 


and  for  a  complete  drawdown  simply  by 

,       2  V"R 


Suppose  it  is  desired  to  intercept  the  seepage  from  a  river 
by  means  of  a  row  of  wells,  situated  at  a  distance  of  200 
ft.  from  the  shore.  The  slope  of  the  watertable  at  the 
normal  stage  of  the  river  is  one  in  five  hundred  and  the 
rise  of  the  river  in  times  of  flood  is  5  ft.  Between  the 
wells  and  the  river  this  gives  a  high-water  slope  of 
5.4 

=  0.027.     Hence  the  spacing  of  the  tabular  wells  for 

200 

a  complete  drawdown, 

2  V  R       „,    :— 


0.027 


74  V  R  ft. 


In  case  the  slope  of  the  watertable  is  not  known  or  can 
not  be  easily  ascertained  the  most  reliable  method  of  find- 
ing the  proper  distance  between  wells  consists  in  first 
finding  the  normal  quantity  of  flow  in  the  stratum  per  ft. 
of  its  width  by  actual  measurement  of  the  velocity  and 
then  sinking  a  test  well  and  noting  its  output  for  a  com- 
plete drawdown.  This  output,  divided  by  the  flow  in  a 
strip  of  the  stratum  one  foot  wide  gives  the  desired  dis- 
tance for  a  complete  drainage  of  the  stratum. 

The  normal  velocity  of  flow  in  a  stratum  may  be  deter- 
mined either  by  the  electrical  method  perfected  by  Prof. 
Slichter  or  by  the  so-called  Fluorescin  method.  The 
latter  method  is  the  simpler  and  gives  fairly  good  result: 
when  applied  to  flow  in  strata  composed  of  coarse  sand 
or  gravel. 

Fluorescin  is  one  of  the  coal  tar  dyes  and  imparts  to 
water  in  which  it  is  dissolved  even  in  very  minute  quan- 
tities, a  peculiar  greenish  tint;  the  presence  of  0.025  part 
per  million  may  be  detected  with  the  unaided  eye.  In 
practice  the  dye  is  used  in  a  solution  of  30  per  cfent  or  2.5 
pounds  per  gallon  of  water.  The  quantity  actually  used 
in  one  experiment  varies  between  0.5  and  5  pounds,  de- 
pending on  the  depth  of  the  stratum  and  the  degree  of 
accuracy  desired.  The  greater  the  distance  chosen 
through  which  the  dye  is  to  travel  the  greater  the  prob- 
ability to  arrive  at  accurate  results.  Suppose  the  stratum 
is  30  ft.  deep  and  it  is  desired  to  find  the  time  it  takes  the 
dye  to  travel  a  distance  of  50  ft.  Then  the  probable  area 
of  dissemination  of  the  dye  would  be  50'  x  3.14  =  31,400 
sq.  ft.  and  the  volume  of  a  cylinder  30  ft.  deep  9,420,000 
cu.  ft.  For  a  porosity  of  30  per  cent  the  cylinder  will  con- 
tain 3,140,000  cu.  ft.  or  196,000,000  pounds  of  water.  If 
a  tint  is  to  be  visible  to  the  unaided  eye  196  X  0.025  =  4.84 
pounds  of  the  dye  may  therefore  be  estimated  to  be 
necessary.  By  the  aid  of  a  fluoroscope  it  is  possible  to  detect 
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the  presence  of  the  dye  in  a  solution  of  0.0005  part  per 
million  and  much  smaller  quantities  may  therefore  be 
used.  In  the  case  above  a  solution  of  0.0025  per  million 
would  do,  amounting  to  196  X  0.0025  =  0.485  pounds. 

The  fluoroscope  consists  of  a  tube  or  a  collection  of 
tubes  each  about  38  in.  long  and  0.6  in.  in  diameter,  made 
of  pure,  white  glass.  At  the  bottom  the  tubes  are  closed 
with  stoppers  well  blackened  with  powdered  plumbago. 
When  a  tube  is  filled  with  the  water  to  be  examined  a 
greenish  reflection  or  shade  on  the  blackened  stopper  will 
indicate  the  presence  of  the  dye. 

In  the  locality  where  the  velocity  of  flow  is  to  be  de- 
termined, a  row  of  1^2  or  2-in.  perforated  gas  pipes  with 
well  points  is  driven  into  the  stratum,  preferably  down  to 
an  impervious  layer,  in  the  direction  of  the  greatest  slope 
and  spaced  5-10  ft.  apart.  The  30  per  cent  fluorescin  so- 
lution is  poured  into  the  upper  pipe  and  the  progress  of 
the  dye  downstream  ascertained  at  intervals  of  5-10  hours 
by  taking  samples  of  water  from  the  pipes. 

A  method  occasionally  followed  but  lacking  precision 
consists  in  driving  a  test  well  and  a  row  of  lU — 2-in.  per- 
forated gas  pipes  with  well  points,  spaced  50-100  ft.  apart 
in  a  line  across  the  valley.  When  the  pump  is  drawing 
water  from  the  test  well  the  depression  of  the  surface  in 
the  diflferent  pipes  for  each  output  and  drawdown  is  noted 
and  the  wells  spaced  accordingly. 

(T(i   be   continued.) 


A  MOTOR  TRUCK  TESTING  CHICAGO  WATER 
MAINS. 

Contributed  by  Frank  C.  Perkins,  Buffalo,  N.  Y. 

The  accompanying  illustration  shows  a  motor  truck  for 
testing  water  mains  installed  by  the  city  of  Chicago,  De- 
partment of  Public  Works.  The  apparatus  consists  of  a 
White  3:^-ton  truck  equipped  with  a  three-stage  centrifu- 
gal pump,  driven  from  the  power  transmission.  There 
was  a  careful  test  of  the  apparatus  made  by  the  Pipe 
Extension  Department  and  the  results  obtained  were  very 
satisfactory,  it  being  found  that  the  motor  would  pump 
140  gal.  of  water  per  minute  and  maintain  a  pressure  of 
140  lb.  at  the  pump  with  little  effort.  Runs  were  made 
with  the  transmission  in  second  speed  and  in  direct  and 
the  engine  was  easily  able  to  meet  the 'requirements  in 
each  case. 
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Special    Motor   Truck    for   Testina    Water    Mains. 

The  work  done  by  the  truck  is  explained  by  Mr.  Robert 
Winehardt,  superintendent  of  the  Fire  Department  shops, 
as  follows:  This  machine  is  used  by  the  water  Depart- 
ment to  test  jobs  done  by  contractors  in  the  laying  of 
water  pipes.  After  the  contract  is  given  out  and  the  pipe 
laid  by  the  contractor,  it  is  tested  before  payment  is  made. 
As  a  rule  the  mains  are  filled  with  the  pump.  The  testers 
then  go  to  the  nearest  water  plug  and  attach  a  2i2-in.  fire 
hose  to  the  motor  apparatus.  The  water  is  run  into  the 
centrifugal  pump  at  about  30  lb.  pressure  (city  pressure), 
the  centrifugal  pump  then  lifts  the  pressure  to  130  lb.  and 
sends  it  into  the  main.  If  there  is  no  air  in  the  pipe,  it  is 
a  simple  job,  and  after  running  at  this  pressure  for  ten 
or  fifteen  minutes,  the  valve  is  closed  and  if  the  pressure  ^ 
stays  or  holds,  it  shows  there  is  no  leak  in  the  pipe,  and  i 
no  broken  pipe.    The  job  is  then  O.K.'d  and  paid  for. 
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EXPERIENCE  IN  FREEZING  OF  A  SUBAQUEOUS 

MAIN  LAID  IN  SALT  WATER  AND  USE 

OF   ELECTRICITY   TO   THAW 

OUT  THE  MAIN.* 

In  February,  1912,  New  York  and  vicinity  experienced 
a  very  cold  .spell,  which  commenced  on  Feb.  3.  and  con- 
tinued until  Feb.  15.  The  severest  cold  was  e.xperienced 
from  11  p.  m.  on  Feb.  9  to  11  a.  m.  on  Feb.  13,  the  temper- 
ature of  the  first  36  hours  of  this  period  ranging  from 
14  F.  to  minus  1°  F.  During  the  night  of  the  llth-12th, 
the  temperature  averaged  about  13  F.  At  9  a.  m.  on  Feb. 
12,  word  was  received  at  the  South  Bronx  Repair  Co.'s 
headquarters  that  there  was  lack  of  pressure  at  North 
Brothers  Island.  This  island  is  located  about  1,800  ft. 
from  the  Borough  of  the  Bronx  shore,  opposite  132d  St. 
At  that  time  the  island  was  supplied  with  water  by  a  6-in. 
main,  1,760  ft.  in  length,  laid  in  1888,  the  general  depth 
of  the  water  being  70  ft.  This  line  was  exposed  at  low 
tide  for  a  distance  of  about  150  ft.  from  the  North 
Brothers  Island  shore.  An  auxiliary  line,  12-in.  in  di- 
ameter and  29.700  ft.  long,  was  laid  in  1906,  from  Biker's 
Island  to  North  Brothers  Island,  Biker's  Island  being  sup- 
plied from  the  mainland  by  a  12-in.  main.  The  average 
depth  of  water  in  which  the  12-in.  main  was  laid  was  30 
ft.  When  it  was  found  that  the  water  pressure  was  re- 
ducing, effort  was  made  to  increase  the  flow  by  opening  a 
fire  hydrant  and  by  operating  a  pump  on  the  island,  that 
was  connected  to  the  water  main.  The  evidence  at  the 
time  pointed  to  trouble  existing  both  in  the  12-in.  main 
and  in  the  6-in.  main.  On  the  morning  of  Feb.  13,  the 
supply  to  the  island  was  entirely  stopped,  and  it  was  not 
resumed  until  March  12.  At  the  time  of  stoppage  there 
had  been  an  extremely  low  tide  and  the  6-in.  pipe  line  on 
the  North  Brothers  Island  shore  had  no  cover  except 
rip-rap. 

The  first  trouble  was  experienced  a  day  and  a  half 
after  the  beginning  of  the  extreme  cold  spell,  and  the 
final  stoppage  of  the  main  was  two  and  a  half  days  there- 
after. "The  nights  during  this  period  were  clear,  while 
the  days  were  partially  cloudy.  The  wind  was  from  the 
north  and  northwest,  with  a  maximum  velocity  of  22 
miles  an  hour.  The  temperature  of  the  river  was  not 
taken  at  this  time,  but  a  week  later,  the  weather  in  the 
interval  remaining  at  about  freezing  point.  The  tempera- 
ture in  the  river  at  a  depth  of  50  ft.  was  found  to  be 
29'  and  32°  on  the  surface.  It  is  probable  that  the  river 
water  was  at  a  lower  temperature  than  29'  when  the  main 
was  frozen.  The  weather  conditions  were  ideal  for  radia- 
tion of  heat  from  the  main.  The  temperature  of  water  in 
the  pipe,  before  it  entered  the  river,  was  about  34°,  this 
being  the  recorded  temperature  of  water  from  the  same 
source  that  had  traveled  an  equal  distance  underground. 
On  the  main  shore  end  of  the  pipe,  frost  was  in  the  ground 
to  a  depth  of  39  in.,  which  was  3  in.  below  the  bottom  of 
the  pipe. 

Effort  was  made  to  thaw  out  the  main  by  building  fires 
around  the  exposed  portion,  and  using  steam  hose.  A  tap 
placed  on  the  main  showed  that  the  main  was  frozen  solid 
below  tide  level.  As  all  efforts  to  thaw  the  main  by  ordi- 
narj-  means  failed,  and  as  there  were  about  500  people 
on  the  island,  mainly  patients  in  a  hospital,  who  could 
only  be  served  with  water  transported  on  boats  from  the 
mainland,  arrangements  were  made  with  the  Edison  Elec- 
tric Co.  to  thaw  out  the  main,  using  electricity.  This 
company  started  work  on  March  6,  and  on  the  morning  of 
March  7,  a  current  of  about  800  amperes  at  200  volts  was 
passed  through  the  main,  using  four  100  kilowatt  trans- 
formers to  step  the  current  from  2,000  volts  down  to  200. 
During  that  evening  the  current  was  increased  to  1,000 
amperes,  on  the  8th  to  1,300  amperes,  and  on  the  morn- 
ing of  the  9th,  to  1,500  amperes  and  400  volts,  two  more 
100  kilowatt  transformers  having  been  installed.  At  noon 
on  the  10th,  the  current  was  increased  to  1,800  amperes  at 
368  volts.  As  the  ice  failed  to  melt,  an  experiment  was 
tried,  a  length  of  pipe  being  packed  solid  with  ice,  closed 

'ESctract  frcm  a  paper  by  Wm.  W.  Brush  before  the  Four  States" 
Section,   .\merican   Water  Works  Association. 
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tight  at  both  ends,  and  let  down  to  the  bottom  of  the 
river,  and  the  same  current  passed  through  it  as  was 
passed  through  the  main.  After  12  hours  the  ice  was 
found  to  be  entirely  melted.  The  current  was  continued 
until  6:20  a.  m.  on  Tuesday,  March  12,  and  without  any 
previous  warning  the  water  started  to  flow  from  the  main- 
land end  of  the  pipe.  During  the  time  the  current  was 
on,  1,000  h.p.  had  been  used,  it  being  estimated  that  36 
times  as  much  heat  had  been  generated  to  melt  the  ice  in 
the  North  Brothers  Island  main  as  would  have  been  re- 
quired to  melt  the  same  quantity  of  ice  on  land.  The 
rapid  transmission  of  the  heat  from  the  pipe  to  the  cold 
water  flowing  over  the  pipe  was  the  cause  for  failure  of 
this  method  to  thaw  out  the  pipe.  On  March  12,  the  date 
when  water  started  to  flow,  the  temperature  of  the  water 
was  32°.  On  the  same  day  the  pipe  line  from  North 
Brothers  Island  to  Hiker's  Island  thawed  out,  from  natural 
causes. 

On  March  10,  it  had  been  clear  throughout  the  day  and 
night  and  the  temperature  had  reached  86°  in  the  sun,  the 
maximum  in  the  shade  being  41°,  the  minimum  33°,  with 
an  average  of  32.  Under  such  conditions  there  would  be 
a  very  material  absorption  by  the  water  main  of  heat, 
through  radiation,  and  with  the  temperature  of  the  river 
water  up  to  the  freezing  point  it  is  possible  that  the  elec- 
tric current  had  little  effect  on  the  thawing  of  the  main, 
although  the  heat  generated  by  the  current  was  noticeable 
on  the  shore  ends  of  the  pipe.  There  is  no  clear  indication 
of  the  effectiveness  of  the  electric  current  thawing  the 
main  under  the  conditions  cited. 


SOME  PLANT  AND  METHODS  FOR  LARGE  SIZE 
BRICK  SEWER  CONSTRUCTION  IN  CHICAGO. 

The  14-miie  sewer  system  known  as  the  Argyle  St.  sys- 
tem now  under  construction  in  Chicago  is  one  of  the  larg- 
est single  pieces  of  sewer  work  to  be  undertaken  recently 
in  the  United  States.  When  completed  this  system  will 
furnish  sewerage  to  the  territory  now  comprised  by  the 
communities  of  Jefferson  Park,  Norwood  Park  and  Edi- 
son Park,  lying  north  of  Wilson  Ave.  and  south  of  the 
Chicago  River.  The  work  is  being  done  by  the  H.  J.  Mc- 
Nichols  Co.,  as  contractors,  under  the  direction  of  the 
Board  of  Local  Improvements,  Chicago,  with  Mr.  C.  D. 
Hill  as  chief  engineer  and  Mr.  Geo.  C.  D.  Lenth  as  as- 
sistant chief  engineer  of  se'wirs. 

General  Purpose  and  Character. 

Edison  Park  for  some  years  has  had  a  sewer  system 
which  terminated  in  a  ditch  at  the  city  limits  at  72d  Ave., 
just  north  of  Ibsen  Ave.  From  this  point  the  sewage 
flowed  in  an  open  ditch  across  country  to  the  village  of 
Niles  into  the  north  branch  of  the  Chicago  River.  The 
Norwood  Park  sewer  system  terminated  in  a  ditch  lo- 
cated at  the  southerly  side  of  the  Chicago  &  North- 
western Ry.  tracks  near  Ardmore  Ave.  and  thence  flowed 
across  the  country  about  l^o  miles  to  the  Chicago  River. 
These  open  ditches  containing  sewage  were  a  source  of  a 
good  deal  of  complaint  from  the  people  living  and  driv- 
ing through  this  section  of  the  city.  In  addition,  the 
village  of  Edison  Park,  before  annexation,  had  been 
served  with  a  notice  by  the  village  of  Niles  to  alleviate 
the  nuisance  and  to  stop  the  flow  of  sewage  through  this 
village.  This  fact  brought  about  the  annexation  of  Edi- 
son Park  to  Chicago.  This  newly  annexed  territory  will 
be  sen,^ed  by  the  new  sewer  system. 

The  area  of  the  territory-  drained  by  this  sewer  sys- 
tem is  approximately  5,000  acres.  The  length  of  the  system 
is  14  miles  and  it  varies  in  size  from  a  2i2-ft.  brick  sewer 
to  a  9-ft.  brick  sewer.  Several  special  features  in  con- 
nection with  the  system  are  of  interest.  These  include 
the  overflow  chambers  at  Forest  Glen  Ave.  and  Catalpa 
Ave.  and  at  Foster  Ave.  and  Tripp  Ave.  The  sewer  dis- 
charging into  the  chamber  has  an  internal  diameter  of 
9  ft.  and  at  these  points  it  is  enlarged  to  an  internal  di- 
ameter of  10  ft.  Across  the  chamber  in  the  plan  in  the 
shape  of  a  Z  there  is  a  weir.  On  the  upstream  side  of 
the  weir  is  a  channel  by  means  of  which  the  drj^  weather 
flow  is  diverted  to  a  drj'  weather  flow  sewer  leading  from 
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the  overflow  chamber.  These  connected  pipes  were  com- 
puted as  acting  as  short  tubes,  and  in  one  case  the  in- 
ternal diameter  is  24  ins.  and  in  the  other  it  is  27  in. 

The  crest  of  the  weir  in  each  case  is  3  ft.  above  the 
bottom  of  the  chamber.  On  the  downstream  side  of  the 
weir  the  sewer  decreases  in  size  by  means  of  16-ft.  sec- 
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The  dr>-  weather  flow  will  in  all  cases,  except  in  the  case 
of  excessive  storms,  flow  through  the  connecting  pipes 
into  the  overflow  chamber  and  in  the  dry  weather  over- 
flow chambers,  eventually  emptying  in  the  North  Shore 
Channel  of  the  Sanitary  District  located  at  Argyle  St. 
and  the  Sanitary  Canal. 


CONSTRUCTION    VIEWS    ON    LARGE    SEWER    WORK    IN      NORWOOD      PARK      DISTRICT      OF      CHICAGO. 
Sewers  lange   from  3   ft.   to  9   ft.    in   diameter  and   .ire    brick    laid    in    1:2    natural      cement      mcrtar. 


tions  to  the  proper  size  of  the  outlet  sewer,  which  in  the 
case  of  the  Forest  Glen  sewer  is  6  ft.,  and  in  the  case  of 
the  Foster  Ave.  sewer  is  6^2  ft.  The  paramount  princi- 
ple in  this  design  has  been  to  eliminate  as  far  as  possible 
all  pollution  from  the  North  Branch  of  the  Chicago  River. 


Division  of  the  Work. 

The  work  is  divided  into  two  sections.  The  first  sec- 
tion comprises  the  portion  of  the  system  between  the  out- 
fall and  Argyle  St.  and  the  overflow  chamber  at  Forset 
Glen  Ave.  and  Catalpa  Ave.     Section   1  covers  the  con- 
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struction  of  sewers  in  the  following  streets  and  avenues, 
the  approximate  lengths,  diameters  and  average  depths 
being  as  indicated:  ^^^^  ^^ 

Length,     diameter,     depth. 

A.^lel?reet  2%  %  }S_ 

Argyle  Street  ' '"  ,5^  j^,- 

Argyle  Street    ^^^U  .g'*  „i,.-. 

Argyle  Street  1.|'0  ^  5  C 

Tripp  Avenue    i.""  "1,  3- 

Foster  Avenue    »5"  jS'*  .,, 

Foster  Avenue    ^-J^"  |^„  7,., 

Foster  Avenue    J-"^"  i'^  „ 

Foster   Avenue    -980  .^  J? 

Foster   Avenue    *•""  ,^  ,,< 

Milwaukee  Avenue   }'"  ,^  jj,., 

MilwauUee    Avenue    l-'OO  ,|  }g  - 

Norwood    Park    Avenue ,  »i»             »  J" 

Foster   Avenue    -■IVi  ,4  ig 

North    Cicero    Avenue ^•»*"              *  .^ 

North   CJceri   Avenue ""             J^,  ,-,,. 

North    Cicero    Avenue bSU               -^  J;^  - 

North    Cicero    Avenue ^»»  ,|  Jj 

Maynard  Avenue    "°"  ,Vv/  .>ii.. 

ElstoM    Avenue    "»"              \^  ji,- 

Elstoii   Avenue    7'"  .4,,  ,<,;. 

North   Uawler  Avenue i--^"  ,1^  ,^,- 

North   Catalpa   Avenue ■'■'"              '™ 

•2-rliis.     t:i-rinsr. 

The  other  work  in  Section  1  includes  121  manholes, 
286  .standard  catch  basins,  2  large  catch  basins,  and  a 
concrete  bulkhead  at  Foster  Ave.  and  Chicago  River,  and 
a  similar  structure  at  Argyle  St.  and  the  North  Shore 
Channel.  There  also  will  be  the  special  brick  overflow 
!it  Foster  Ave.  and  Tripp  Ave. 

Section  2  covers  the  portion  of  the  sewer  lying  west- 
erly of  the  Forest  Glen  outfall.  It  includes  the  construc- 
tion of  sewers  in  the  following  streets: 

Int.  .\v. 

L.ength.    diameter,     depih, 

Laid  in.                                                                    .  ,  :««  ,c  .>■>* 

Forest  Glen  .Xvenue }•«"              "  :; 

Forest  Olen  Avenue l-JV"  A  }  = 

N.    L*cl.aire    Avenue »""  1^  J- 

raston    Avenue    '=■1^  l^i,  {i 

Lynch    Avenue    ,200  ,»%  " 

Cktalpa  Avenue    3.060  t8%  16^4 

Milwaukee   Avenue    »»"  !»;*  i:,, 

Brjn   Mawr   .Wemie }.»«  i|^  |} -^ 

Bryn   Mawr  Avenue 1-1^0  |»  -| 

Korwoo<l   Park  .Wenue l.»5"  ;?  r^g 

^^"^^  -—:::::::::::::::::::::::    ;         ^        ^ 

Naloma  Avenue    ]-li^  ."i,  i? 

NIeman   Avenue    I'i'O  'fg  }x 

Newirk   .Vvpnue    '10  ,\)^  \l 

Tmlay  Avenue   1.130  MJ4  " 

Isham  Avenue   1-flSO  i'A  1^ 

Harlem    Avenue    J-l"  '^^  1^^ 

Harlem  Avenue  2.?«  '*  1« 

Harlem    .Wenue    l.?20  '3%  16 

Peterson    .Wenue    SjO  '2%  J-i 

ll.sen    Wenue            l-^l"  *''  13"^ 

Olcott  .Wenue   «80  ;3H  13% 

Pnitt   .W-nue   ,^20  *3J4  1^J4 

Ollphant    .wenue    J.OOO  •S'.i  16% 

.\rdmore   .Wenue    lik  .1  ii 

Newark   .Avenue    '■  ■  "J?  .»,,  i, 

Mavrcvrd   Avenue    1-330  '3%  1' 

Maynard   .Wenue    1-330  '3  IS'j 

•2-rinj;.     t;j-ring. 

The  other  work  in  Section  2  includes  184  manholes,  342 
standard  catch  basins,  8  large  catch  basins,  two  concrete 
bulkheads  and  the  special  brick  overflow  at  Forest  Glen 
Ave.  and  Catalpa  Ave. 

Plant  and  Methods. 

The  plant  and  methods  of  construction  employed  are 
illustrated  by  the  views  Figs.  1  to  9.  Figure  1  shows 
steam  shovel  excavation  of  a  9-ft.  sewer  trench  24  ft. 
deep.  The  shovel  is  a  45-ton  Bucyrus,  with  .30-ft.  boom, 
40-ft.  dipper  handle  and  l'^  cu.  yd.  dipper.  Two  Daven- 
take  the  spoil  from  the  shovel  to  the  rear  for  backfill- 
take  the  spoil  from  the  shovel  to  the  rear  for  backfill- 
ing. Another  Bucyrus  shovel  used  on  this  work  has  a 
36-ft.  boom  and  a  52-ft.  dipper  handle  and  operates  a  2- 
cu.  yd.  bucket.  Figure  2  shows  the  method  of  bracing 
and  sheeting  and  the  bottom  trimmers  at  work,  as  will  be 
noticed,  almost  directly  underneath  the  shovel.  The 
sheeting  is  built  in  12-ft.  sections  close  behind  the  trim- 
mers. Figure  3  shows  the  bricklaying.  The  invert  is  fir.st 
laid  and  then  the  arch,  using  special  forms  of  the  type 
shown  by  Fig.  4,  which  shows  a  9-ft.  sewer.  The  steel 
arch  ribs  are  spaced  4  ft.  apart  and  carry  2x6-in.  x  16- 
ft.  beveled  lagging  planks.  Figure  5  shows  one  of  the 
lateral  sewers  in  a  16-ft.  deep  trench  dug  by  a  Parsons' 
trench  excavator.  Figure  6  is  21i2-ft.  trench  for  an  8- 
ft.  sewer.  It  was  dug  by  the  larger  Bucyrus  shovel.  In 
the  distance  is  shown  the  Marion  rotating  crane  with 
clamshell  backfilling  trench.    A  view  of  this  same  trench 
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looking  forward  from  the  clamshell  is  shown  by  Fig.  9. 
Figure  7  shows  the  mortar  mixing  box  used.  For  this 
work  a  1 :2  mortar  of  Utica  natural  cement  and  bank  sand 
was  used.  About  44,000  barrels  of  Utica  cement  will  be 
required  for  the  work  and  it  was  furnished  by  the 
Thomas  Connelly  Co.  of  Chicago,  111.  The  mortar  mix- 
ing boxes  are  of  steel  5x8  ft.  and  1  ft.  deep.  The  number 
of  brick  required  is  24,000,000;  they  were  furnished  by 
the  Illinois  Brick  Co.  Figure  8  shows  the  brick  piles 
along  the  work. 

EXPERIENCE  WITH  COPPER  SULPHATE  AS  AN 

ALGICIDE.    ST.    PAUL,    MINNESOTA, 

WATER    SUPPLY.* 

Vadnais  Lake  is  located  7  miles  north  of  the  city  of  St. 
Paul,  and  has  for  the  most  part  high  well  drained  shores. 
The  lake  is  about  V'\i  miles  in  length  and  I3  of  a  mile  in 
width  covering  about  358  acres.  Its  greatest  depth  is 
57  ft-,  and  the  average  depth  for  the  entire  lake  is  27  ft. 
With  the  water  at  the  ordinary  level,  the  capacity  of  the 
lake  is  approximately  3,240,000,000  gal.  The  copper  sul- 
phate treatments  were  carried  on  by  the  Bureau  of  W  ater, 
Department  of  Public  Utilities,  of  the  city  of  St.  Paul, 
for  the  purpose  of  destroying  the  micro-organisms  which 
were  objectionable  in  the  city  water  supply. 

While  manv  organisms  appeared  at  one  time  or  another 
during  the  summer  in  the  waters  of  Vadnais  Lake,  and 
disappeared,  probably  as  a  result  of  the  copper  treatment, 
many  of  them  were  not  found  in  sufficiently  large  num- 
bers" to  justify  a  statement  concerning  the  e.xact  effect  of 
copper  sulphate  upon  their  existence.  With  several  others, 
however,  that  were  more  common  there  can  be  no  question 
as  to  the  effect  of  copper  sulphate.  The  following  forms 
were  found  before  one  or  more  of  the  treatments  in  suf- 
ficient numbers  to  justify  certain  conclusions  concerning 
the  effects  of  the  treatment  as  here  given : 


Chlorophyceae.  (Green  Algae) 

Spirogyra  sp. 

Eudorina  elegans  Ehr. 

Pandorina  morum    iMull.1    Bory. 

Pedias  trum  duplex  Meyen. 

Staurastrum  sp. 
Diatomaceae.   (Diatoms) 

Stephanodiscus    niagarae    Hhr. 

Synedra  pulchella  (Ralfs.)   Kg. 

Frasilaria  capucina  Desniaz. 
.\sterioneIla  formosa  Hass. 

Cyclotella  comta   (Ehr.)   Kg. 

Melosira  granulata  (Ehr.)  Balfs. 


Cvanophyceae.    (Bluesreen  Algae) 
".\nabaena  osciUarioides  Bory. 
Anabaena  flos-aquae    (Lyngb.) 

Breb. 
Clathrocystis    aeruginosa    (Kuet- 

zing)  Henfrey. 
Coelosphaerium    Kuetzingianum 

Haegeli. 
Aphanizomenon  flos-aquae 

(Linn.)     Ralfs. 
Rivularia    echinulata    (Smith) 

Bom.  and  Flah. 
Protozoa.     (Animal  Forms) 
Ceratium   lon.s;ieorne   Carter. 
DiHobryon    sertularia   Ehr. 
I'roglcfia   volvox    Ehr. 
Vorticella  communis  Ehr. 

From  observations  made  on  above  mentioned  forms,  the 
following  conclusions  may  be  drawn: 

(1)  With  conditions  under  which  above  treatments  were 
made,  the  use  of  one  part  of  copper  sulphate  in  12,000,000 
parts  of  water  is  quite  adequate  for  the  elimination  of 
Spirogyra,  Cyclotella,  and  most  of  the  Cvanophyceae. 
It  will  practically  eliminate  Melosira  and  the  four  protozoa 
here  listed;  for  the  other  forms  above  mentioned  it  will 
bring  about  great  reduction  but  may  not  eliminate  them. 

(2)  The  use  of  1  part  of  copper  sulphate  in  10,000,000 
parts  of  water  is  effective  in  practically  eliminating  all 
forms  mentioned  in  above  list,  with  the  possible  e.xception 
of  Eudorina  and  Pandorina,  and  with  the  conditions  under 
which  the  treatments  were  made  this  amount  is  entirely 
adequate  for  their  suppression. 

(3)  With  conditions  under  which  above  treatments  were 
made,  a  treatment  of  one  part  of  copper  sulphate  in  10,- 
000,000  parts  of  water  remains  effective  for  about  five 
weeks,  after  which  time  the  organisms  present,  or  many 
of  them  at  least,  seem  to  find  conditions  favorable  for  their 
growth  and  reproduction,  and  if  the  treatment  is  not 
repeated  at  this  time  they  may  increase  again  with  re- 
markable rapidity. 

(.4)  Where  quiet  shallow  bays  afford  breeding  places 
for  numerous  organisms,  or  where  any  one  or  more  organ- 
isms become  abundant  in  small  or  limited  areas,  local 
treatment,  or  the  application  of  small  quantities  of  copper 
sulphate  to  the  particular  spot  where  the  trouble  is 
originating,  has  been  found  very  effective.     If  careful  at- 


•  Extract   from   a   paper   by   N.   L.   Huff   and   Garret   O.   House,   in 
Journal  .American  Water  Works  Association  for  June,   1916. 
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tention  is  given  to  such  areas,  and  accumulations  of  organ- 
isms prevented  here,  the  number  of  general  treatments 
necessary  to  keep  the  lake  clean  for  the  entire  season  may 
be  lowered  and  the  total  cost  of  treatments  materially 
reduced. 

(5)  For  treatment  of  very  shallow  bays,  flat  muddy 
shores  and  small  ponds  the  use  of  a  hand  pump  such  as  is 
used  for  spraying  trees  is  a  practicable  and  economical 
means  of  distributing  copper  sulphate.  In  addition  to 
spreading  the  solution  in  places  inaccessible  for  a  boat, 
this  method  has  the  advantage  of  leaving  the  water  un- 
rolled and  gives  the  organism  the  full  effect  of  the  copper, 
much  of  which  might  otherwise  be  absorbed  by  mud  and 
organic  matter  stirred  up  by  a  boat  in  such  places. 


DATA    AND   DISCUSSION   ON   CAST    IRON    PIPE 

JOINT  TESTS  FOR  THE  SAN   FRANCISCO 

HIGH  PRESSURE  FIRE  SYSTEM. 

Contributed    by   Aug.    J.    Bowie.    Jr..    Electrical,    Mechanical    and    Hy- 
draulic Engineer.   Nevada  Bank   Bldg.,  San  Francisco,   Calif. 

When  it  is  considered  that  the  leakage  in  the  New 
York  High  Pressure  Fire  System  is  over  28  times  as 
great  per  foot  of  joint  as  that  of  the  San  Francisco  Sys- 
tem under  equivalent  pressure  conditions,  considerable 
interest  attaches  to  the  methods  whereby  leakage  has 
been  minimized  in  the  latter  system.  ,  The  construction 
of  the  San  Francisco  system  also  involved  many  inter- 
esting features  incident  to  guarding  against  possible 
earthquake  disturbances,  and  brought  out  excellent  sug- 


gestions as  to  how  leakage  can  be  practically  eliminated 
in  any  water  system,  whether  of  high  or  low  pressure. 

Effects  of  Settlement. — E.xtensive  investigations  of  the 
effects  of  the  earthquake  of  1906  showed  plainly  that 
the  worst  damage  occurred  on  filled  land,  and  that  struc- 
tures on  solid  ground  foundations  suffered  comparatively 
little.  Some  of  the  business  district,  and  a  considerable 
portion  of  the  manufacturing  district,  is  located  on  made 
ground,  and  in  these  districts  the  most  severe  effects  of 
the  earthquake  were  felt.  The  data  for  this  investiga- 
tion comprised  thorough  survey  records  of  earthquake 
damage  to  buildings,  pipes,  and  other  structures  in  the 
streets,  as  well  as  early  contour  maps  of  the  city.  The 
results  of  this  study  showed  plainly  that  the  districts 
where  the  greatest  damage  occurred  could  have  been 
predicted  from  knowledge  of  the  original  topography, 
and  that  the  damage  was  due  merely  to  the  further  set- 
tlement of  loose  soil,  and  to  no  other  cause. 

As  these  districts  are  well  known,  one  of  the  objects 
in  the  construction  of  the  system  was  to  guard  the  pipe 
structures  from  serious  damage,  and  for  this  reason 
special  construction  was  adopted  in  the  sections  of  the 
city  where  past  e.xperience  had  shown  that  the  greatest 
precautions  were  advisable.  While  it  is  impossible  to 
construct  a  system  which  is  totally  immune  from  dam- 
age by  earthquake,  the  precautions  adopted  will  greatly 
minimize  the  hazard  to  the  lines. 

Cast  Iron  Pipe  Chosen. — After  thorough  investigation 
of  different  kinds  of  pipes,  it  was  decided  to  use  cast 
iron  pipe  throughout  the  system.     This  decision  was  un- 
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Fig.  1 — Plan  Showing  Joints  for  Cast   Iron   Bell  and  Spigot  Pipe  Tested    for   High    Pressure   Fire   System,   San    Francisco.   Calif. 
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doubtedl.v  wi.»ie,  not  onl.v  from  the  standpoint  of  the  life 
of  the  pipe,  but  also  because  of  the  inevitable  strains  in 
any  rigid  structure  such  as  a  riveted  or  bolted  pipe  line 
due  to  the  settlement  of  the  soil.  Under  such  conditions 
cast  iron  pipe  offers  man.v  advantages,  as  the  lead  joint 
employed    furnishes     a     remarkable     flexibility     without 
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Fig.  2 — Plan   Showing   Additional   Joints  for  Cast   Iron    Bell   and   Spigot 
Pipe   Tested   for   San    Francisco   High    Pressure   Fire   System. 

leakage.  Cast  iron  pipe  is  also  much  better  adapted  to 
withstand  compressive  strains  than  steel  pipe.  The  joint 
flexibility,  and  the  endwise  yielding  under  longitudinal 
strains  offer  most  important  advantages  where  serious 
settlement  occurs. 

In    the   earthquake    of   1906   there   were    places    where 
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which  would  allow  the  pipe  to  be  like  a  chain  with  rigid 
links. 

Designing  Joints. — In  designing  a  joint  for  cast  iron 
pipe  to  meet  earthquake  conditions;  that  is,  ground  set- 
tlement, one  of  the  primary  objects  was  to  develop  a  type 
of  construction  which  would  meet  the  most  severe  me- 
chanical conditions  arising  from  earthquake  effects,  and 
yet  would  not  involve  unessential  complications.  This 
led  to  consideration  of  the  problem  from  three  .stand- 
points: First,  a  joint  with  maximum  possible  strength; 
second,  a  joint  which  would  allow  a  minimum  leakage; 
third,  a  joint  with  maximum  flexibility  consistent  with 
the  first  two  considerations.  The  joint  developed  proved 
not  only  of  exceptional  strength,  but  also  gave  a  mini- 
mum leakage,  an  important  factor  in  economic  operation. 
A  very  extensive  investigation  of  the  effects  of  different 
lead  joints  was  undertaken,  and  the  results  obtained 
may  be  better  appreciated  by  comparison  with  the  New- 
York  High  Pressure  System  where  the  leakage  per  foot 
of  joint  under  corresponding  pressure  conditions  was 
over  28  times  as  great  as  with  the  San  Francisco  Sys- 
tem. To  appreciate  what  this  means  it  is  well  to  bear 
in  mind  that  not  only  is  the  foundation  of  much  of  the 
pipe  in  San  Francisco  of  ver.v  poor  material  where  con- 
siderable settlement  will  occur,  but  also  a  large  part 
of  the  pipe  is  laid  on  steep  grades.  The  leakage  in  New 
York  under  30  lbs.  pressure  is  approximately  1,250,000 
gal.  per  day  from  slightly  over  100  miles  of  pipe.  At  10 
ct.  per  1,000  gal.  this  would  be  equivalent  to  $125  per 
day,  or  about  $46,000  per  year,  which  is  interest  at  10 
per  cent  on  a  capital  investment  of  $460,000. 

Comparison  of  Joint  Efficiency  in  San  Francisco  and 
New  York. — The  High  Pressure  System  in  San  Francisco 
at  present  has  about  73  miles  of  pipe,  not  counting  about 
3  miles  of  hydrant  pipe.  There  are  18  miles  of  double 
spigot  pipe  included  in  the  73  miles  above,  and  as  this 
pipe  has  about  twice  the  number  of  joints  of  bell  and 
spigot  pipe,  this,  from  a  leakage  standpoint,  is  equivalent 
to  91  miles  of  bell  and  spigot  pipe.  The  size  of  pipe  in 
San  Francisco  varies  from  10  to  20  in.  It  will  average 
approximately  the  same  as  New  York.  The  average  pres- 
sure in  San  Francisco  is  about  140  lb.  We  may  assume 
as  an  approximation  that  leakage  varies  with  the  square 
root  of  pressure.  As  a  matter  of  fact  it  will  vary  as 
a  higher  power,  since  higher  pressures  will  cause  leaks 
where  there  will  be  none  with  low  pressures,  so  this 
basis    of    comparison    is  unfavorable  to  the  higher  pres- 
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FIGS.    3   AND   4 — DIAGRAMS    OF    RESULTS    OF    SAN    FRANCISCO     PIPE    JOINT    TESTS. 
Fig-   ^ — Comparison    of    Ultimate    Resistance   and    Leaking    Resistance.       fig.  4 — Expulsion   Tests. 


the  street  lines  were  displaced  several  feet.  Under  these 
conditions  any  rigid  pipe  line  would  surely  have  failed. 
It  is  quite  possible  that  in  many  places  a  suitable  cast 
iron  pipe  line  would  have  held  without  rupture  and  with- 
out material  leakage,  owing  to  the  flexibility  of  the  joints 


sure.  However,  on  this  basis  at  30  lb.  the  leakage  in 
San  Francisco  should  be  \  30/140  —  .46  times  its  pres- 
ent value.  In  March,  1916,  the  leakage  in  the  San  Fran- 
cisco System  was  78,495  gal.  per  da.v,  which  as  above  at 
30  lb.  would  be  about  36,000  gal.  per  day  or  2.9  per  cent 
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of  that  in  New  York,  and  assuming  20  per  cent  increased 
length  of  joints  for  New  York  gives  a  leakage  per  joint 
of  3.5  per  cent  of  New  York. 

This  shows  that  in  the  design  of  systems  the  pipe  joint 
efficiency  is  a  very  important  consideration,  and  a  high 
efficiency  type  of  joint  is  justified  at  a  greater  initial 
expenditure.  Another  way  of  regarding  this  is  that  each 
joint  in  the  New  York  system  on  the  above  basis  will 
cost  over  80  ct.  more  per  year  than  in  the  San  Francisco 
system. 

The  San  Francisco  High  Pressure  System  was  com- 
pleted under  the  supervision  of  Mr.  M.  M.  O'Shaughnessy, 


^JJJIJJX-L- 


lot 


aviai 


Fig.   5 — Detail    of    Double    Balanced    Joint,    San    Francisco    Pipe 
Joint   Tests. 

the  present  City  Engineer.  The  system  was  commenced 
under  the  supervision  of  Mr.  H.  De  H.  Connick,  Chief 
Assistant  City  Engineer,  and  Mr.  T.  W.  Ransom,  Con- 
sulting Mechanical  Engineer,  under  Mr.  Marsden  Man- 
son,  City  Engineer,  the  writer  being  engineer  in  charge 
of  the  design  of  the  pipe  system. 

Joints  and  Tests. — Many  different  types  of  joints  were 
tested  for  leakage,  strength,  deflection,  etc.,  to  deter- 
mine their  actual  characteristics.  The  first  series  of 
tests  consisted  of  expulsion  tests  to  determine  the  joint 
strength,  and  the  point  at  which  leakage  would  com- 
mence. For  this  purpose  a  short  plug  and  bell  were  used, 
the  latter  having  a  blank  end.  The  outside  diameter  of 
the  plug  was  9V2  in.,  corresponding  approximately  to  an 
8-in.  pipe  joint.  The  total  joint  length  was  41/2  in.  A 
small  hole  admitted  water  to  the  interior.  Record  was 
kept  of  the  total  longitudinal  motion  of  the  plug  caused 
by  the  expulsion  pressure,  and  also  of  the  pressure  at 
which  the  joint  started  to  leak.  The  back  of  the  joint 
was  caulked  with  yarn,  and  the  joint  was  poured  and 
caulked.  In  general  three  tests  of  each  form  of  joint 
were  made,  and  the  results  checked  very  closely.  Pres- 
sures up  to  1,500  lb.  were  supplied  by  an  accumlator,  and 
above  this  pressure  by  a  hydraulic  pump.  While  the 
pressures  were  kept  on  for  some  time  for  each  reading, 
it  should  be  borne  in  mind  that  lead  being  a  slowly  yield- 
ing material  it  is  certain  that  the  actual  strength  under 
continued  pressure  would  be  materially  less  than  the 
values  given,  which  are,  however,  comparative. 

Figures  1  and  2  show  the  different  types  of  joints 
tested.  Joint  lA  shows  the  plug  and  bell  arrangement 
and  also  one  type  of  joint.  The  number  refers  to  the 
grooves  in  the  bell,  and  the  letter  to  the  spigot  arrange- 
ment. Fig.  3  shows  the  ultimate  strength  of  joint  and 
the  Dressure  at  which  leakage  starts  from  expulsion. 
The  points  are  connected  by  lines,  but  there  is  no  signifi- 
cance to  the  lines  as  curves.  The  upper  line  is  the 
strength,  and  the  lower  line  is  the  leakage  point.  It  is  to 
be  noted  that  15J  and  151  are  the  only  joints  where  no 
leakage  occurs  up  to  the  failure  of  the  joint.  This  joint 
15  was  the  type  which  was  adopted  as  standard;  151  was 
with  spigot  lip  on  the  spigot  end,  while  15J  was  without 
this  lip,  as  such  lip  is  impossible  with  cut  pipe.  It  is 
common  practice  in  pipe  foundries  to  put  bands  on  cut 
pipes,  as  a  certain  number  of  pipes  have  the  spigot  ends 
cut  where  these  ends  are  defective.  These  bands  are 
flimsy  affairs  which  frequently  become  loose  in  transit, 
and  are  entirely  undependable.  The  cutting  off  of  the 
lip  on  the  spigot  end  shows  a  loss  of  strength  of  over  25 
per  cent,  but  this  is  generally  unavoidable,  as  in  prac- 
tice it  is  usually  necessary  to  use  pipes  cut  to  length  in 
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the  field,  as  it  would  occasion  much  delay  to  have  special 
cast  lengths. 

Value  of  Strong  Joints  in  Low  Pressure  Systems. — It  is 

desirable  to  have  joints  of  the  greatest  maximum  strength 
for  city  use,  and  this  is  most  particularly  true  in  San 
Francisco  to  guard  against  earthquake  strains.  In  the 
laying  of  pipe  lines  in  cities  frequent  bends  are  neces- 
sary to  avoid  existing  structures.  Also  excavations  ad- 
jacent to  pipe  lines  may  occur  which  render  advisable 
great  joint  strength  to  allow  for  emergency  conditions 
where  the  ground  support  is  not  fully  available.  It  is 
true  that  joints  in  a  straight  line  of  pipe  will  not  be 
subject  to  material  stress,  but  even  in  these  cases  the 
stresses  from  expansion  and  contraction  must  be  guarded 
against.  These  stresses,  as  well  as  the  vibrations  due 
to  street  traffic,  occasion  strains  on  the  joints.  Near  dead 
ends  and  curves,  additional  stresses  may  come  on  the 
lines,  though  under  these  conditions  the  joints  are  usually 
reinforced  by  bolts.  Hence  the  joint  strength  will  add 
materially  to  the  safety  of  the  lines  even  in  places  where 
at  first  glance  it  may  seem  unnecessary. 

Test  Diagrams. — Figure  4  shows  the  relations  between 
the  pressure  per  square  inch  and  the  distance  the  plugs 
shown  in  Figs.  1  and  2  are  expelled.  It  is  seen  that  the 
joint  will  reach  its  maximum  strength  after  it  has  moved 
out  about  2  in.  Up  to  that  point  the  strength  increases 
gradually.  This  is  a  most  important  point  for  meeting 
the  conditions  occasioned  by  earthquake,  as  any  sub- 
sidence of  the  ground  will  tend  to  distribute  itself  along 
the  line  and  to  draw  out  the  different  joints  instead  of 
coming  at  one  joint  which  would  pull  apart  and  break 
the  line.  Where  bolts  are  used  for  reinforcing  the  joints, 
the  design  is  such  that  the  combined  maximum  strength 
of  bolts  and  joint  will  occur.  These  bolts  are  generally 
of  considerable  length,  and  are  made  with  the  thread 
ends  upset,  and  with  the  head  ends  upset  with  a  grad- 
ually tapering  cone  before  merging  into  the  head,  so  as 
to  make  the  shank  the  weakest  part.  The  bolts  are  of 
wrought  iron,  and  hence  will  resist  corrosion  to  the 
best  advantage.  When  a  severe  strain  comes  on  the  line, 
should  they  tend  to  rupture,  they  will  stretch  consider- 
ably before  rupture,  and  thus  develop  the  maximum 
strength  of  the  lead  joint,  as  well  as  of  themselves,  thus 
assisting  in  the  very  desirable  joint  features  previously 
outlined. 

One  of  the  noteworthy  characteristics  of  the  curves 
of  expulsion  tests  is  that  after  the  pipe  starts  to  move 
it  will  at  first  move  readily  with  slight  pressure  increases 
for  distances  from  1/16  in.  to  Vs  in.,  and  then  require 
considerable  increase  of  pressure  to  make  further  move- 
ment. This  is  due  to  the  fact  that  the  innermost  part 
of  the  joint  is  of  yarn,'  caulked  to  prevent  the  lead  run- 
ning through,  and  also  the  lead  on  the  inside  of  the  joint 
is  not  tight,  as  the  caulking  cannot  reach  so  far  in.  The 
initial  motion  will  compress  this  yarn,  and  solidify  the 
lead.  The  lip  on  the  spigot  will  tend  to  caulk  this  lead 
when  the  joint  moves  out,  but  the  efficiency  of  this  caulk- 
ing effect  is  largely  dependent  upon  the  shape  of  the 
bell  grooves.  The  best  results  obtainable  were  by  the 
use  of  the  joint  of  the  type  adopted,  as  is  shown  not  only' 
by  theoretical  considerations,  but  also  by  the  prac- 
tical results  in  San  Francisco.  The  practical  features 
of  the  bell  grooves,  which  contribute  mainly  to  these  re- 
sults, are  the  general  shapes  of  the  grooves,  which  afford 
for  the  outer  part  of  the  lead  joint  the  most  efficient 
design  for  practical  caulking,  and  allow  the  inner  part 
of  the  joint  to  be  most  effectively  caulked  by  the  spigot. 
To  obtain  this  result  the  outer  groove  is  made  with  a 
gradual  taper  on  the  outer  side,  and  a  steeper  taper  on 
the  inner  side,  while  the  inner  groove  is  made  with  a 
gradual  taper  on  the  inner  side,  and  a  steeper  taper  on 
the  outer  side.  This  results  not  only  in  better  manual 
caulking  of  the  outer  joint,  but  also  in  the  greater  depth 
of  caulking,  as  the  taper  will  obviously  allow  the  lead  j 
to  be  driven  in  to  the  best  advantage.  The  position  of 
the  inner  lead  is  such  that  the  only  way  to  caulk  it  is 
by  the  action  of  the  spigot  end,  which  will  be  called  into 
effect  if  the  joint  tends  to  move.    As  the  tapers  of  the 
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inner  groove  are  reversed  with  the  outer  groove,  the  best 
results  of  self-caulking  due  to  motion  of  the  pipe  are 
obtained.  In  order  to  test  the  effects  of  caulking,  special 
bells  were  made  as  shown  in  the  lower  right-hand  part 
of  Fig.  1,  and  marked  No.  14.  Tests  were  made  in  this 
manner  on  all  types  of  bells  and  spigots. 

After  caulking,  the  bolts  shown  were  removed,  and  the 
bells  split  open.  The  results  showed  the  distance  to 
which  the  caulking  was  effective,  and  indicated  plainly 
that  it  was  impossible  to  caulk  over  half  the  joint.  Under 
these  conditions  the  lead  in  the  rear  of  the  joint  is  in- 
effective until  the  joint  starts  to  move,  but  after  that  it 
adds  greatly  to  the  joint  strength,  and  also  to  the  tigh- 
ness  in  many  cases. 

Lead  wool  was  tried  in  the  joints,  but  the  practical  re- 
sults were  no  better  than  with  poured  lead,  although  it 
was  possible  to  compact  the  entire  joint  by  caulking. 
This  was  of  no  practical  avail,  and  the  cost  was  far 
higher  than  with  the  poured  joint.  In  order  to  withstand  , 
the  contractions  and  expansions  which  must  occur  the 
joint  should  be  of  such  a  nature  that  this  will  cause  no 
leakage.  The  use  of  plain  spigot  ends  without  grooves 
is  therefore  undesirable,  as  the  working  back  and  forth 
of  a  plain  cylinder  will  cause  a  leak  along  the  spigot. 
Hence  the  spigot  end  should  be  grooved.  The  nature  of 
the  groove  is  important,  as  should  the  sides  be  abrupt,  it 
will  cause  shearing  of  the  lead,  a  very  undesirable  re- 
sult. Hence  the  grooves  in  the  spigot  should  be  with 
very  gradual  slope  so  that  in  motion  of  the  pipe  the  lead 
in  the  grooves  will  flow  under  pressure,  will  not  shear, 
and  will  always  keep  the  joint  tight.  For  mechanical 
reasons,  the  groove  should  be  some  distance  in  from  the 
outer  end  of  the  joint  in  order  not  to  weaken  the  pipe 
against  transverse  strains. 

The  maximum  joint  strength  is  that  due  to  the  shear- 
ing of  the  cylinder  of  lead  comprising  the  joint.  Hence 
with  the  same  depth  of  lead  the  joint  total  strength  is 
directly  proportional  to  the  diameter,  and  the  strain 
thereon  is  proportional  to  the  square  of  the  diameter. 
Consequently,  the  ability  of  the  joint  to  withstand  rup- 
ture for  a  given  pressure  is  inversely  proportional  to 
the  diameter.  As  the  same  depth  of  joint  was  used  in 
all  pipes  this  holds  true.  The  design  of  the  joint,  how- 
ever, is  not  such  as  to  allow  rupture  by  shearing,  as 
this  would  be  undesirable,  but  the  strength  is  somewhat 
less,  so  that  the  joint  will  fail  by  flowing  of  the  lead,  a 
much  more  desirable  result,  as  is  obvious. 

In  order  to  determine  the  leakage  of  different  joints 
under  conditions  not  connected  with  mechanical  strains, 
such  as  would  be  due  to  the  pressure  tending  to  rupture 
the  pipe  longitudinally,  a  series  of  tests  was  made  with 
a  double  balanced  joint  consisting  of  two  cylinders  form- 
ing respectively  the  bell  and  spigot  ends  of  pipes,  thus 
making  the  two  joints  of  balanced  nature,  water  being  ad- 
mitted between  the  joints,  and  the  pressure  tending  to 
cause  leakage,  the  only  mechanical  strain  being  the  end 
pressure  on  the  lead  area.  This  is  shown  in  Fig.  5.  which 
shows  a  section  of  a  joint  of  this  nature.  The  first  .series 
of  tests  consisted  in  raising  the  pressure  to  different 
values  and  keeping  it  on  for  long  periods.  These  tests 
were  made  on  a  few  of  the  joints  tested  and  while  not 
of  as  much  interest  as  some  other  results  the  curves  are 
presented  in  Fig.  6. 

Another  set  of  tests  was  made  with  these  balanced 
joints  as  follows:  The  center  cylinder  was  mechanically 
displaced  axially  V2  in.,  and  the  leakage  measured  under 
300  lb.  pressure,  the  same  pressure  being  used  through- 
out these  tests.  The  joints  were  then  returned  to  the 
normal  position,  the  leakage  measured,  and  then  the 
joint  recaulked.  This  procedure  was  repeated  in  detail 
except  that  the  second  time  the  joint  was  displaced  1 
in.,  and  the  third  time  l',2  in. 

With  joint  151  the  following  results  were  obtained,  the 
leakages  being  in  pounds  of  water  per  minute,  leakages 
being  different  in  all  cases  for  the  side  pressed  out,  and 
the  side  pressed  in.  In  all  cases  there  was  no  leak  whatever 
in  the  side  pressed  out.  In  the  side  pressed  in  the  leak- 
age at  ^2  in.  was  ',2  lb.  per  hour;  when  returned  to  zero 
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the  leakage  entirely  ceased.  When  pressed  out  to  1  in. 
there  was  no  leak,  and  when  returned  to  normal  there 
was  still  no  leak.  When  pressed  out  to  IV2  in.  the  leak- 
age was  5  lb.  per  hour,  and  when  returned  to  normal  it 
was  2V2  lb.  per  hour. 

The  following  additional  figures  were  obtained  for 
leakage  of  different  joints  for  the  side  pressed  in  when 
displaced  iy3  in.: 

.lolnt  an  leakage,  lbs.  per  hour 80 

.loint  12B  leakage,  lbs.   per  hour l^u 

Joint  12H  leakage,  lbs.  per  hour '* 

Having  developed  a  joint  embodying  the  desirable  fea- 
tures of  strength  and  tightness  under  movement,  the 
next  investigation  was  on  the  subject  of  bursting  strains 
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Fig.   6 — Plat   Showing    Rate   of    Leakage   from    Double    Balanced   Joints 
Subject  to   Increasing    Pressure. 

in  the  bell  member  owing  to  the  wedging  action  of  the 
lead  in  the  pulling  asunder  of  the  joint.  To  test  the 
bursting  of  the  bells,  a  series  of  tests  was  made  on  a 
16-in.  pipe  joint.  This  was  forced  apart  axially  by  a 
hydraulic  press,  the  pressure  showing,  hence  the  power 
to  cause  failure  of  the  lead  joint.  The  hub  of  the  bell 
member  was  next  turned  down,  and  the  test  repeated. 
This  process  was  repeated  until  the  hub  finally  broke 
in  the  expulsion  of  the  spigot.  As  the  turning  removed 
the  outer  tough  skin  of  cast  iron,  as  a  check  the  pat- 
tern was  turned  down  and  the  tests  repeated  till  the 
average  point  was  reached  where  the  bell  would  burst 
due  to  the  expulsion  pressure.     This  showed  only  a  com- 
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paratively  small  safety  factor  in  the  case  of  a  16-in. 
pipe  unless  the  hubs  were  greatly  increased  in  thick- 
ness. This  was  regarded  as  undesirable,  and  hence  the 
joints  in  the  cast  iron  pipe  were  modified  somewhat  by 
inaking  the  lead  space  and  grooves  somewhat  less.  The 
extreme  stresses  induced  by  strains  as  above  could  come 
from  strains  suddenly  applied,  such  as  might  occur  from 
an  earthquake.  With  the  gradual  stresses  in  practice, 
the  yielding  of  the  lead  would  prevent  any  such  stresses 
coming  on  the  cast  iron.  However,  the  endwise  stresses 
to  produce  sufficient  pressure  to  rupture  suddenly  the 
pipe  are  many  times  greater  than  the  full  dead-end  pres- 
sures, and  hence  in  considering  the  safety  of  the  joints 
these  matters  have  an  important  effect. 

Joint   16K   and    16L   show   the   types   of   joint  adopted 
for  cast  iron  pipe,  the  former  for  larger  and  the  latter 


ENGINEERIXG 
AND      CONTRACTING 

For  general  use  the  stronger  pipe  is  desirable,  and  will 
allow  all  desired  flexibility. 
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Fig.   7 — Deflection   in   Inches  at   End   of  12-ft.   Length   of  10-in.   Bell  and 
Spigot   Pipe,   San    Francisco   Pipe  Joint  Tests. 

for  smaller  pipe;  17K  and  17L  show  corresponding  joints 
for  cast  steel  bells.  Cut  pipe  had  the  spigot  end  grooved 
as  in  15J. 

Special   Construction  in   Earthquake   District. — As   has 

been  previously  mentioned,  the  districts  subject  to  earth- 
quake damage  are  well  known,  and  for  these  districts 
special  construction  was  used  to  take  care  as  far  as  pos- 
sible of  the  most  severe  strains.  It  was  essential  to  pro- 
vide bell  of  sufficient  strength  to  withstand  safely  the 
full  bursting  strain  caused  by  the  sudden  rupture  of 
lead  joints,  or  rather  up  to  the  point  of  such  rupture 
which  should  be  avoided  if  possible.  For  this  reason  all 
bells  in  this  district,  except  the  hydrant  pipe,  which  is 
bolted,  are  made  of  cast  steel.  This  gives  an  ample  fac- 
tor of  safety.  Also  the  pipe  is  double  spigot  pipe,  and 
the  cast  steel  bells  are  in  the  form  of  sleeves,  thus  mak- 
ing a  double  joint  for  each  pipe.  This  adds  an  impor- 
tant safety  factor  to  the  system,  as  the  possible  yield 
of  the  joint  is  twice  as  great  as  with  a  bell  and  spigot 
arrangement.  This  yield  is  available  not  only  for  lat- 
eral distortion  of  the  pipe,  but  also  in  allowing  a  con- 
siderable lengthening  of  the  pipe,  such  as  would  be  re- 
quired were  a  great  distortion  to  occur  in  the  street. 
By  allowing  a  possible  increase  of  length  of  pipe  of  4 
in.  per  12-ft.  length,  it  is  evident  that  very  great  distor- 
tions may  be  had  without  rupture. 

The  possible  bending  of  the  pipe  was  also  investigated, 
the  bending  of  course  manifesting  itself  as  yielding  of 
the  joints.  Double  spigot  joint  gives  twice  the  possible 
bending  of  bell  and  spigot,  which  is  believed  to  be  ample 
to  meet  conditions.  A  series  of  tests  was  made  to  deter- 
mine possible  bending  of  the  joints.  Two  lengths  of 
10-in.  bell  and  spigot  pipe  were  connected  by  a  joint, 
and  one  pipe  held  rigidly,  and  the  other  pipe  loaded  at 
the  end.  Figure  7  shows  the  results  of  these  tests,  the 
deflections  being  at  the  end  of  a  12-ft.  length.  It  is  seen 
that  the  joint  15J,  which  differs  from  151  fundamentally 
in  having  the  lip  on  the  spigot  cut  off,  is  far  more  flex- 
ible, but  at  the  same  time  is  not  so  strong. 


METHOD  OF  TAPPING  A  6-FT.  MAIN  INTO  CON- 
CRETE AND  STEEL  SHAFT  UNDER 
PRESSURE. 

Contributed   by  James  Skelton,   70  Lawton  Ave.,   ToDjnto,  Canada. 

Recently,  when  making  extensions  to  the  water  works 
system  of  a  neighboring  city,  it  was  found  necessary  to 
tap,  at  a  point  about  40  ft.  below  the  surface,  the  vertical 
tunnel  shaft  through  which  was  drawn  the  entire  water 
supply  of  the  city,  and  to  connect  there  a  6-ft.  main.  As 
it  was  earnestly  desired  to  do  this  without  closing  down 
the  pumps,  the  job  was  one  which  called  for  consider- 
able originality  and  engineering  skill. 

The  tunnel  shaft  on  which  the  operation  was  to  be  per- 
formed consisted  of  a  brick  and  concrete  pipe  jacketed  in 
steel,  of  10  ft.  inside  diameter,  and  extending  vertically 
downward  in  the  rock  a  distance  of  about  90  ft.  At  the 
bottom  it  connected  with  a  horizontal  tunnel.  It  was  pro- 
posed to  construct  a  cofferdam  in  the  shaft  over  the  area 
affected,  and  to  cut  into  the  wall  from  the  outside. 

The  cofferdam  was,  of  course,  built  above  ground  and 
placed  in  position  afterwards.  In  constructing  it,  a  plat- 
form was  first  made,  80  ft.  square,  of  4x5-in.  oak  planks. 
On  the  upper  side  of  this,  flush  with  its  four  edges,  were 
bolted  10-in.  squared  timbers.  And  on  top  of  these — on 
the  two  end  ones — were  spiked  two  similar  timbers, 
shaped  on  their  upper  sides  so  as  to  conform  to  the  cir- 
cular cross-section  of  the  shaft;  and  the  outside  edges  of 
the  side  timbers  were  beveled,  so  that  they  would  fit 
snugly  against  the  curved  walls  of  the  shaft.  To  make 
all  water-tight,  a  thick  rubber  gasket  was  let  in  on  the 
face  of  the  timbers  on  all  four  fronts.  Brackets  of  2I2X 
10-in.  channel  iron  reinforced  the  ends. 

On  the  reverse  side  of  the  platform  was  bolted  an  A- 
brace  of  squared  timbers,  its  feet  flush  with  the  sides 
and  midway  between  the  ends,  the  total  height  of  the 
dam  when  the  brace  was  in  position  being  a  little  less 
than  10  ft.  A  horizontal  bench-brace  straddled  the  plat- 
form at  right  angles  to  the  A-brace,  its  height  about  20  in. 
less  than  the  latter.  Two  eye  bolts  were  let  in  on  one  end, 
and  to  these  the  hoisting  cables  were  attached. 

The  cofferdam  was  now  complete.  It  was  heavily 
weighted  with  old  iron — pieces  of  steel  rails  being 
strapped  to  the  A-brace — so  as  to  counteract  its  buoyancy, 
and  then  hoisted  by  derrick  and  let  down  into  the  mouth 
of  the  shaft. 

A  6x8-ft.  iron  grating  was  suspended  just  below  the 
level  of  the  proposed  opening  in  the  side  of  the  shaft,  for 
the  diver  to  stand  on,  and  the  dam  was  lowered  to  the 
required  depth.  It  was  carefully  plumbed,  and  anchored 
by  means  of  a  large  hardwood  wedge  driven  between  the 
apex  of  the  A-brace  and  the  tunnel  wall.  Two  heavy  jacks 
were  then  adjusted,  their  bases  against  the  wall,  their 
tops  against  the  shoulders  of  the  horizontal  brace.  A  lit- 
tle at  a  time  the  jacks  were  tightened  and  the  wedge 
driven  home.  The  iron  grating  was  removed.  Four  hours 
from  the  time  the  derrick  swung  it  aloft  the  cofferdam 
was  in  place. 

Outside  the  shaft  an  excavation  had  been  made  to  the 
required  depth  on  the  side  where  the  main  was  to  enter. 
A  6-ft.  disc  of  metal  was  cut  out  of  the  shaft  by  means 
of  an  oxy-acetylene  flame,  and  the  concrete  underneath 
removed.  The  dam  was  found  to  be  correctly  placed  and 
absolutely  water-tight.  The  pressure  upon  it  was  great, 
of  course,  and  the  jack.s  were  further  tightened  to  take 
up  the  slack  caused  by  the  removal  of  the  wall.  A  steel 
flange,  with  stub  connected,  \vas  now  riveted  on  and  a 
6-ft.  Glenfield  &  Kennedy  (Kilmarnoch)  valve  installed. 
The  valve  was  closed,  and,  about  the  pipe,  all  cased  in 
cement. 

It  was  found  necessary  to  bore  holes  in  the  dam  and 
admit  the  water  before  it  could  be  removed. 

Excepting  for  the  few  hours  during  which  the  actual 
work  of  placing  and  removing  the  dam  was  in  progre*. 
the  pumps  were  raising  their  usual  average  of  water  per 
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day.  If  they  had  had  to  be  closed  down  at  frequent  in- 
tervals— as  had  been  contemplated,  in  an  alternative  plan 
— it  would  have  meant  much  inconvenience  to  the  depart- 
ment which  had  the  matter  in  charge  and  to  the  water 
consumers.  The  method  which  was  adopted  was  an  un- 
qualified success. 


AUTOMATIC     COAGULANT     FEEDING     DEVICE 
FOR  MECHANICAL  FILTERS. 

By  M.   F.   Nen-nian,   Manager.   Water   Purifying  Department,    Wm.    H 
Scaifc    .It    .Sons   Co..    Pittsburgh. 

The  apparatus  as  illustrated  in  Fig.  1  shows  an  auto- 
matic coagulant  feeding  device  which  is  based  upon  using 
a  saturated  solution  of  coagulant  made  from  aluminum 
sulphate  or  ferrous  sulphate,  depending  upon  the  water 
supply.  Briefly,  this  apparatus  consists  of  a  weir  tank 
containing  a  ti.xed  and  an  adjustable  weir,  a  coagulant  dis- 
solving and  saturating  tank,  the  necessary  pipe  connec- 
tions to  introduce  the  coagulant  solution,  and  means  to 
keep  the  stream  of  coagulant  solution  from  crystallizing. 

In  operation  the  water  enters  the  weir  tank,  in  which 
it  is  divided  into  two  streams,  the  main  flow  of  water 
passing  out  through  the  fixed  weir  and  a  small  stream  of 
water  being  passed  through  the  circular  adjustable  weir. 
These  weirs  are  of  the  same  shape  and  are  set  on  the 
same  elevation,  so  that  the  depth  of  water  flowing  through 
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the  weirs  again  starts  the  proper  proportion  of  coagulant 
is  introduced. 

The  dry  coagulant  is  introduced  in  lump  form,  and  in 
order  to  charge  the  apparatus  it  is  only  necessary  to  in- 
troduce dry  coagulant  to  maintain  the  proper  level  above 
the  submerged  coagulant  in  the  saturator.  The  starting 
and  stopping  of  the  flow  of  coagulant  is  directly  depend- 
ent upon  the  flow  of  water  to  the  weir  tank,  and  it  does 
not  require  any  opening  or  closing  of  valves  to  start  or 
stop  the  flow  of  coagulant  solution.  To  vary  the  quantity 
of  coagulant  solution,  the  adjustable  weir  is  opened  or 
closed.  This  weir  consists  of  two  slotted  brass  tubes, 
fitted  one  within  the  other,  the  inner  tube  stationary, 
while  the  outer  one  operates  to  increase  or  diminish  the 
number  of  the  slot  openings.  On  top  of  the  stationary 
tube  is  mounted  a  pointer  which  indicates  on  a  dial  on 
the  outer  tube  the  extent  of  the  slot  opening,  which  can 
be  adjusted  from  a  mere  drip  to  a  stream  of  any  size  re- 
quired. 

This  apparatus  has  been  in  successfiU  operation  for 
several  years,  and  in  practice  has  successfully  met  all  of 
the  conditions  for  accurate  and  automatic  introduction  of 
coagulant,  requiring  but  a  minimum  of  attention. 

In  connection  with  the  automatic  coagulant  feeding 
device  there  has  been  developed  an  automatic  device  for 
the  introduction  of  a  reagent,  Fig.  2,  to  meet  the  condi- 
tions where  the  alkalinitv  of  the  water  to  be  filtered  is  too 
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Fig.     1 — Coagulant     Feeding     Device;     Fig.     2 — Device     for     Introducing    Reagent. 


them  is  the  same;  therefore,  they  are  exactly  in  propor- 
tion. The  water  from  the  adjustaljle  weir  flows  to  the 
coagulant  saturating  tank.  This  tank  is  so  constructed 
that  the  coagulant  is  partly  submerged  and  the  water 
coming  from  the  adjustable  weir  flows  over  the  submerged 
coagulant,  then  down  through  the  submerged  coagulant, 
through  the  wood  fiber  filter  into  the  storage  chamber  in 
the  bottom  of  the  tank. 

The  discharge  pipe  from  the  storage  chamber  is  carried 
up  to  the  height  required  for  keeping  a  portion  of  the 
coagulant  in  submergence.  The  height  of  the  discharge 
pipe  fixes  the  level  of  the  solution  in  the  tank  and  the  in- 
flowing water  from  the  adjustable  weir  displaces  an  equal 
volume  of  solution.  The  coagulant  solution  is  delivered 
into  the  main  stream  of  water  flowing  from  the  fixed  weir. 
To  prevent  the  strong  solution  from  crystallizing  and 
depositing  in  piping  when  exposed  to  the  air,  a  small 
stream  of  water  from  the  weir  tank  is  constantly  flowing 
into  the  discharge  from  the  coagulant  saturator. 

It  will  be  noted  that  there  is  an  exact  proportion  be- 
tween the  water  flowing  from  the  weir  tank  into  the  sedi- 
mentation tank  and  that  flowing  into  the  coagulant  satura- 
tor, varying  with  the  height  of  water  in  the  weir  tank; 
also  that  when  no  water  is  supplied  to  the  weir  tank  the 
flow  of  coagulant  stops,  and  when  the  flow  of  water  over 
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low,  or  too  variable  within  low  limits  to  insure  the 
proper  decomposition  of  the  coagulant.  The  apparatus,  as 
illustrated,  provides  for  the  introduction  of  a  reagent  in 
exact  proportion  to  the  flow  of  water.  This  is  accom- 
plished by  placing  a  partition  in  the  weir  tank  before  de- 
scribed and  having  the  discharge  of  the  fixed  weir  occur 
within  the  tank  to  fill  the  compartment  in  which  the 
siphon  is  placed.  When  this  compartment  fills  to  the 
height  which  starts  the  flow  through  the  siphon  it  con- 
tinues until  the  compartment  is  empty.  When  this  siphon 
begins  to  flow  it  starts  an  auxiliary  siphon,  which  intro- 
duces the  reagent  solution  during  the  period  of  its  flow. 

As  soon  as  the  compartment  from  which  the  main  siphon 
operates  is  emptied,  both  siphons  stop  flowing  until  the 
siphon  compartment  again  refills  to  the  point  where  it 
starts  the  siphon  to  flow.  The  harmonious  action  of  these 
siphons  depends  only  upon  the  periodic  rise  of  the  water 
to  the  same  height  in  the  siphon  compartment  of  the  weir 
tank  and  a  direct  proportion  is  established  between  the 
flow  of  reagent  solution  and  the  flow  of  water  to  the  sedi- 
mentation tank  through  the  siphon.  The  reagent  intro- 
ducing siphon  is  connected  to  a  constant  level  tank  sup- 
plied from  the  reagent  solution  storage  tank.  The  siphon 
draws  from  the  constant  head  tank  under  a  uniform  con- 
dition, so  that  the  volume  of  solution  for  any  given  period 
of  siphon  discharge  is  constant. 

This   siphon    reagent   feeding   device   is   adaptable   for 


46 


one  or  more  solutions,  and  with  it  a  solution  of  hypo- 
chlorite of  lime  can  be  introduced  into  the  effluent  from 
the  filter,  and  the  flow  automatically  controlled  by  means 
of  the  flow  of  water  into  the  filter  system,  so  that  when 
no  water  is  flowing  to  the  filter  system  no  solution  is  in- 
troduced, and  when  the  flow  starts  the  introduction  of 
solution  starts  without  the  necessity  of  opening  or  closing 
valves. 

The  primary  principle  underlying  these  two  devices, 
that  is,  the  control  of  the  feed  as  a  function  of  the  water 
flowing  to  the  system  without  depending  upon  the  human 
element  for  starting  or  stopping,  is,  in  the  writer's  opinion, 
a  decided  advantage,  and  one  that  is  extremely  desirable, 
in  view  of  the  variations  that  occur  in  the  flow  of  water 
to  a  filter  system,  and  the  difficulty  in  securing  first- 
class  supervision  of  the  operation  of  filtration  systems, 
to  compensate  for  variations  occurring  in  practice  in  the 
flow  of  water  or  periodic  pumping. 


A  CONVENIENT  HOUSING  FOR  GATE  VALVES. 

The  sketch  herewith  shows  a  cast  iron  housing  for  gate 
valves  or  for  any  other  underground  appliance  that  needs 
to  be  got  at  ocasionally  for  inspection  or  repairs.  Very 
little  explanation  is  required  of  the  main  Structural  fea- 
tures except  to  note  the  eccentric  shape  of  the  housing 
which  permits  ample  working  room  without  excessive 
dimensions.     The   cover   is   the   particular   feature.     As 
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Clark    Housing   for   Gate   Valves. 

shown  it  consists  of  the  main  cover  having  within  it  a 
small  lid.  A  man  to  get  inside  the  housing  removes  the 
main  cover,  but  for  operating  the  valve  and  for  such 
other  purposes  as  do  not  require  entrance  into  the  housing 
the  man  works  through  the  small  lid.  It  will  be  noted 
that  the  lid  opening  is  too  small  to  permit  entrance  of  a 
horse's  hoof  or  a  man's  foot  and  that  it  is  secured  against 
loss  by  chains  molded  into  the  castings.  This  valve  box 
was  one  of  the  exhibits  of  the  H.  W.  Clark  Co.,  Mattoon, 
111.,  at  the  recent  convention  of  the  American  Water  Works 
Association  in  New  York  City. 


PROPOSED  STANDARD  FREEZING  AND  THAW- 
ING TESTS  FOR  DRAIN  TILE. 

Revised  standard  specifications  for  drain  tile  proposed 
by  the  committee  of  the  American  Society  for  Testing 
Materials  include  new  specifications  for  standard  absorp- 
tion tests  and  freezing  and  thawing  tests,  and  corre- 
sponding test  requirements.  In  preparing  these  new 
specifications,  the  committee  was  fortunate  in  securing 
the  co-operation  of  the  testing  laboratories  of  the  Uni- 
versity of  Wisconsin,  of  the  Lewis  Institute,  Chicago,  111., 
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of  the  Iowa  State  College,  and  of  Prof.  Edward  Orton,  .Ir., 
of  Columbus,  Ohio,  which  laboratories  placed  at  the  dis- 
posal of  the  committee  the  results  of  extensive  absorption 
and  freezing  and  thawing  tests  of  actual  drain  tile.  The 
committee  wishes  to  make  special  asknowledgment  of  the 
valuable  services  of  Prof.  M.  0.  Withey,  of  the  Univer- 
sity of  Wisconsin.  The  committee  believes  that  no  such 
large  mass  of  data  of  absorption  and  freezing  and  thaw- 
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Flg.   1  —  Rack  for   Free'^ing   Tests  of   Drain  Tile. 

ing  tests  of  drain  tile  have  ever  before  been  available  for 
use.  Great  care  has  been  taken  in  studying  and  digest- 
ing the  data  on  which  the  revised  specifications  are  based. 
The  main  requirements  of  the  test  are  as  follows:  When 
the  specimens  (either  from  the  absorption  test  or  from  a 
specially  prepared  series)  have  been  weighed  after  sat- 
uration with  water,  they  shall  be  returned  to  the  water, 
and  kept  immersed  till  the  freezing  test  is  begun.  For 
freezing,  they  shall  be  placed  with  their  concave  faces 
upward  in  water-tight  metal  trays,  suitably  mounted  in  a 
rigid  metal  crate,  Fig.  1,  and  immersed  in  ice  water  until 
the  specimens  have  attained  substantially  the  tempera- 
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Fig.   2 — Freezing    Apparatus   for   Drain    Tile    Tests. 

ture  of  the  water,  after  which  the  water  shall  be  drawn 
down  to  a  depth  of  ^2  in.  in  each  tray.  The  crate  shall 
then  be  lifted  as  a  whole,  without  disturbing  the  speci- 
mens, and  placed  in  the  freezing  apparatus. 

Freezing  shall  be  performed  in  a  quiet  atmosphere,  free 
from  perceptible  natural  or  artificial  currents.  If  arti- 
ficial freezing  apparatus.  Fig  2,  is  employed,  the  appara- 
tus shall  have  sufficient  heat-absorbent  capacity  to  en- 
able the  temperature'  of  the  freezing  chamber  to  be 
brought  to  — 10°  C.  (+  14°  F.)  or  below,  within  30  minutes 
after  the  introduction  of  the  specimens.  The  temperature 
in  the  freezing  apparatus  shall  not  fall  lower  than  — 20  C. 
( — 4°  F.).  The  freezing  shall  be  continued  until  the  water 
in  the  trays  is  frozen  solid.  Exposure  to  freezing  condi- 
tions in  excess  of  this  requirement  shall  be  considered  as 
without  significance. 

At  the  conclusion  of  freezing  under  the  specified  condi- 
tions, the  crate  of  specimens  shall  be  withdrawn  and  at 
once  immersed  in  water  at  a  temperature  of  85  to  100°  C. 
(185  to  212°  F.)  in  a  special  receptacle  of  proper  size. 
Heating  shall  be  continued  so  that  the  water  will  regain 
the  required  temperature  as  soon  as  practicable  after  the 
specimens  are  immersed.    A  temperature  of  85  to  100°  C. 


July     12, 
Vol.  XLV'T. 


1916 
No.  2 


(185  to  212°  F.)  shall  then  be  maintained  for  not  less  than 
15  minutes.  At  the  conclusion  of  the  thawing  treatment, 
the  crate  of  specimens  shall  be  cooled  down  rapidly  in 
water  to  10  to  15°  C.  (50  to  59"F.)  and  then  inspected. 
The  condition  of  each  sample  after  each  thawing  shall 
be  noted  in  the  records. 

Failure  under  the  freezing  and  thawing  treatment  shall 
be  considered  to  be  reached  when: 

(a)  The  specimens  show  superficial  disintegration  or 
spalling  with  loss  of  weight  of  more  than  5  per  cent  of 
the  initial  dry  weight;  or, 

(b)  The  specimens  are  badly  cracked  in  other  than 
lamination  planes;  or, 

(c)  The  specimens  show  evident  serious  loss  of  struc- 
tural strength. 


NOTES  ON  ]\IETHODS  AND  COST  OF  MAKING 
SURVEYS  FOR  SEWERS. 

Contributed   by   Albert  iM.   ^Volf.   Melrose  Park,   111. 

The  appended  notes  on  the  making  of  surveys  prepara- 
tory to  the  design  of  sewer  systems  for  towns  and  average 
sized  cities,  were  jotted  down  by  the  writer  several  years 
ago,  as  the  result  of  experience  gained  in  making  such 
surveys  in  a  considerable  number  of  towns  and  cities  in 
Wisconsin  and  Michigan  under  the  direction  of  W.  G. 
Kirchoffer,  sanitary  and  hydraulic  engineer,  Madison, 
Wis.  The  writer  feels  that  they  may  be  of  some  value  to 
the  young  engineer  engaged  in  sanitary  engineering  work 
and  they  are  therefore  briefly  set  forth  in  the  following. 

Preliminary  surveys  of  a  more  or  less  approximate 
nature  for  the  purpose  of  gaining  some  idea  of  the  ap- 
proximate cost  of  a  sewer  system  can  best  be  made  as 
follows : 

(1)  Run  an  accurate  line  of  bench-mark  levels  around 
the  district  to  be  surveyed,  to  serve  as  checking  points  in 
the  latter  work. 

(2)  Take  levels  at  all  street  intersections,  and  at  mid- 
dle of  blocks  or  wherever  the  general  grade  of  streets 
changes  in  order  to  get  the  trend  of  drainage. 

(3)  Obtain  a  city  plat  and  plot  thereon  the  elevations 
of  the  various  points  obtained  in  the  rapid  survey  just 
mentioned.  Then  map  out  the  possible  and  most  probable 
routes  for  main  and  branch  sewers.  If  all  streets  are  not 
to  be  sewered,  such  a  plat  is  very  handy  for  determining 
the  best  routes,  thereby  saving  the  expense  of  complete 
surveys. 

The  cost  of  such  preliminary  surveys  varies  from  $5 
to  $10  per  mile  of  sewer  depending  on  the  character  of 
the  topography,  the  rougher  the  territory,  the  greater  the 
cost. 

Complete  surveys  for  the  making  of  detail  plans  can 
be  made  in  the  following  manner  and  the  best  results  in- 
sured. 

(1)   Take  levels  along  center  of  street   (if  sewers  are 
located  in  center  of  street)  every  50  ft.  or  100  ft.  or  more 
often  as  the  topography  demands,  measuring  all  distances 
with  a  steel  tape.    For  convenience  in  plotting  profiles  the 
0+0  station  for  all  east  and  west  streets  can  be  taken  at 
the  west  end,  and  at  the  south  end  of  all  north  and  south 
streets.    Take  elevations  of  water  tables  (on  frame  house 
this  indicates  the  ceiling  of  basement)    of  buildings  on 
each  side  of  street  at  beginning,  middle  and  end  of  everv 
block  or  such  as  may  be  considered  representative  or  un- 
usual.    Then  by  obtaining  the  average  height   of  base- 
ments   (7  ft.  for  residences  and  9  to  10  ft.  in  business 
blocks)  and  referring  them  back  to  water  table  elevations, 
the  elevations  of  basement  floors  can  be  plotted  on  the 
profiles.     Take  the  pluses  of  all  water  tables  of  which 
elevations   are  taken,   all   street   and   allev   lines   passed, 
these  to  be  plotted  on  the  profiles  and  after  balancing  and 
comparing  with  the  distances  given  on  plat,  thev  aid  ma- 
terially in  preparing  the  sewer  map  which  is  based  on  citv 
maps  and  subdivision  plats. 

(2)  While  engaged  in  field  work  a  small  scale  map  such 
as  can  be  pasted  in  the  field  book  will  be  found  very  handy 
for  indicating  progress  of  the  survey  and  entering  notes 
regarding  special  points. 
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(3)  If  the  outlet  sewer  is  not  located  on  the  street  the 
territory  which  it  is  likely  to  transverse  should  be  sur- 
veyed more  carefully  either  by  level  readings  located  by 
cross-sectioning  or  by  stadia,  so  that  the  shortest  and  best 
route  can  be  readily  laid  out  in  the  office. 

(4)  If  a  disposal  plant  is  to  be  built,  stadia  topography 
should  be  taken  so  that  a  contour  map  of  1  ft.  interval  can 
be  plotted  and  estimates  of  cut  and  fill,  fall  through  plant, 
etc.,  can  be  readily  made. 

(5)  The  cost  of  surveys  such  as  just  described  together 
with  complete  map  compiled  from  city  records,  profiles 
and  estimates  will  be  about  $G0  per  mile  where  the  topo- 
graphy is  not  too  rugged. 

General  (not  detail)  plans  including  a  map  (compiled 
from  city  records)  showing  size  of  sewers,  grade  and  ele- 
vations of  sewer  and  ground  at  manholes,  mid-block  and 
all  breaks  in  grade,  without  profiles,  can  be  made  for 
about  $20  per  mile  and  including  cost  of  survey. 

Where  territory  which  has  not  been  plotted  must  be 
surveyed  in  order  to  properly  design  sewers  for  future 
needs,  a  topographic  survey  of  the  area  should  be  made. 
The  cost  of  such  surveys  including  maps  will,  for  rolling 
and  flat  country  (2  ft.  contour  interval),  be  from  35  ct.  to 
50  ct.  per  acre,  and  for  rugged  country  (5  ft.  contour 
interval),  75  ct.  to  $1  per  acre. 


FORMATION  OF  ICE  IN  WATER  MAINS. 

The  formation  of  ice  in  water  mains  is  dependent  upon 
the  temperature   of  the  water  in  the  main  and  the  ve- 
locity of  current,  the  pressure  being  of  negligible  effect. 
It  is  probable  that  the  water  as  drawn  from  a  reservoir 
or  stream  is  seldom  below  33°   F.,  as  the  formation   of 
ice  and  the  density  of  the  water  generally  prevents  the 
cooling  of  the  water  below  this  temperature.    If  the  water 
in  passing  through  the  main  is  not  reduced  in  tempera- 
ture to  below  32°  F.  there  will  be  no  danger  of  freezing. 
If  it  is  reduced  below  32°  F.  ice  will  begin  to  form,  the 
ice  forming  a  coating  on  the  inside  of  the  pipe,  due  to 
the    high    conductivity    of    the    iron.      As    the    ice    film 
thickens,  the  transmission  of  the  heat  of  the  water  to  the 
surrounding  earth   and  thence  to  the  air  is   greatly  re- 
tarded, the  conductivity  of  the  ice  being  such   a  small 
fraction  of  the  conductivity  of  the  iron.     If  the  velocity 
in  the  main  is  reduced  through  a  lowering  of  the  rate  of 
draft,  the  water  in  the  main  is  more  readily  cooled,  and 
the  rate  of  ice  formation  correspondingly  increases.    This 
ice  formation  may  be  properly  classified  as  surface  ice. 
It  is  probable  that  in  a  main  where  the  velocity  is  high, 
the  water  is  cooled  slightly  below  the  freezing  point  and 
a  form  of  frazil  ice  created.     Such  ice  might  eventually 
clog  the  main,  stopping  the  flow,  and  the  whole  mass  of 
water  in  the  main  quickly  change  to  solid  ice.     In  the 
report    of    the    committee    of    the    New    England    Water 
Works  Association  on  the  depth  at  which  mains  should  be 
laid  to  prevent  freezing,  submitted  in  1909,  reference  is 
made  to  slush  ice  forming  in  a  main  laid  in  a  salt  marsh 
at  New  Brunswick,  N.  J.     The  velocity  in  this  main  was 
high  and  frazil  ice  probably  formed.     A  stoppage  in  flow 
may  also  occur  after  a  thaw,  due  to  the  loosening  of  the 
film  of  ice  which  has  forced  during  the  cold  spell,  and 
which  may  break  up  and  flow  through  the  water  until  it 
reaches  a  point  in  the  main  where  the  ice  may  not  have 
broken  loose  and  where  the  floating  ice  will  become  packed 
in  such  a  manner  as  to  completely  stop  the  flow.     While 
this   might  account  for  the  stoppage   of  flow  in   mains, 
especially  in  house  services,   after  a  thaw,  which  is  an 
experience  not  uncommon  to  water  works  superintendents, 
there  is  a  record  of  an  actual  reduction  in  temperature  of 
soil  below  32°   F.  following  a  thaw,  and  such  reduction 
would  be  ample  reason  for  the  freezing  up  of  water  mains. 


Good  progress  has  been  made  with  the  engineering  work 
for  the  new  $12,000,000  water  supply  project  of  the  city  of 
Providence,  R.  I.,  and  it  is  expected  that  some  of  the  con- 
struction will  be  placed  under  contract  this  fall. 

•Extract   froiri    a  paper   by   Wm.    VT.    Brush   before  the  Four  States 
!>ection  of  the  American  Water  Works  Association. 
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ENGINEERING 
AND     CONTRACTING 


PERSONALS. 

Kaulkner  G.   Lynch  has  been  ficclfil  city  engineer  of  Erie,   Fa. 

Koy    Welsh  has  been   appointed   clly  enRlneer  of  Centralia.   Wash. 

Joseph  Bariy  has  been  appointed  superintendent  of  street  cleaning 
for  the  city  of  Syracuse,  N.   Y. 

Charles  K.  Planning,  a  paving  contractor  of  Omaha.  Nebr.,  has 
been   nonunaied  by  President   Wilson  as  postmaster  of  that  city. 

Chas.  A.  Llndberry.  city  engineer  of  Kerndale.  has  announced  his 
candidacy  ivv  county  eniiineer  of  Whatcom  County,  Washington,  lor 
the   fall   election. 

The  new  state  highway  commissioner  was  a  member  of  the  state 
board  of  agriculture,  to  which  he  was  appointed  by  Governor  Brum- 
baugh on  June  10,    1915. 

Fletcher  A.  Gould  has  been  appointed  city  engineer  of  Owosso, 
Mich.  ilr.  Gould  was  formerly  professor  of  civil  engineenng  at 
Millikin    University,    Decatur,    111. 

Samuel  Hill,  of  Seattle.  Wash.,  has  gone  to  Vladivostol^,  Russia, 
at  the  request  of  the  Russian  government,  to  take  charge  of  the  traffic 
department    of   the    Trans-Siberian    railway. 

William  W.  Rumsey  has  been  appointed  engineer  in  charge  of  the 
division  of  construction  and  maintenance  in  the  recently  created 
bureau  of  illuminating  service  of  the  department  of  public  works  of 
Milwaukee.  Wis. 

S.  S.  Carroll,  for  several  years  in  charge  of  hydrographic  work 
for  the  state  engineer  at  AlbuQueniue,  >..  .M.,  has  resigned  to  become 
resident  engineer  for  the  Las  Vegas  grant  board  on  the  irrigation 
project   to  be  built  near  that  city. 

A.  N.  Krieger,  a  graduate  of  the  Baltimore  Polytechnic  Institute 
of  Baltimore,  lid.,  and  a  member  of  the  1916  class  of  the  Carnegie 
Institute  of  Technology,  has  been  awarded  first  prize  by  the  En- 
gineers' Society  of  Western  Pennsylvania,  for  the  most  accurate  solu- 
tion of  an  original  problem  in  structural  engineering. 

J.  McGregor,  superintending-  engineer  of  the  Ocean  Terminals  at 
Halifax,  now  ur.der  construction,  has  obtained  leave  of  absence  from 
the  Canadian  department  of  railways  and  will  join  the  British  army, 
rie  will  be  chief  engineer  oi  the  railroad  construction  battalion  com- 
manded by  Col.  J.  W.   Stewart  and  will  have  the  rank  of  major. 

Frank  B.  Black,  of  Meversdale,  Som.erset  County,  was  appointed 
state  highway  commissioner  of  Pennsylvania  by  Governor  Brumbaugh 
on  Julv  1,  flllins  the  vacancy  created  by  the  death  of  Robert  J.  Cun- 
ningliam,  which  occurred  at  his  home  in  Sewickley.  on  April  26. 
Commissioner  Black  took  the  oath  of  office  on  Wednesday,  July  5, 
and  immediately  thereafter  assumed  control  of  the  department.  His 
first  official  act  was  to  issue  a  statement  in  which  he  said  that  he 
would  carry  out,  as  far  as  possible,  the  policy  instituted  by  his 
predecessor"  and  that  he  would  give  the  state  highway  department  an 
efficient  and  business  administration. 


Frank    B.   Black,   State   Highway   Commissioner, 


Frank  B.  Black  was  born  at  Somerfield.  Somerset  County,  April 
17,  1S64,  and  has  lived  in  the  county  of  his  birth  all  of  his  life.  He 
comes  from  a  sturdy  ancestry  and  a  pioneer  family  of  the 
You.ghio.'iheny  River  section  of  Somerset  County.  His  father,  the 
late  George  J.  Black,  was  a  man  of  ability,  industry  and  enterprise, 
traits  which  are  characteristic  of  the  family.  The  elder  Black  was 
a  pottery  manufacturer,  merchant  and  farmer  and  was  elected 
to  the  office  of  .Associate  Judge  and  County  Trea-surer,  which  posi- 
tions he   filled  with   signal   ability. 

The  family  removed  from  Somerfield  to  Meyersdale  in  1873  and 
the  newly-appointed  State  Highway  Commissioner  grew  up  in  tlie 
latter  town  and  received  his  education  in  the  public  schools  there. 
At  the  age  of  eighteen  he  wf.s  much  further  advanced  in  business 
experience  than  m,^st  men  of  thirty  and  at  that  early  age  he  pur- 
chased   his   father's    interest   in    the    cial    mining    industry   and    ijegan 


opening  and  operating  coal  mines  in  various  parts  of  the  country. 
He  or;^anized  aiui  developed  many  co.il  proierties,  selling  them  when 
he  had  them  well  established.  For  some  years,  with  several  asso- 
ciates, he  mined  and  sold  coal  through  their  own  .selling  agency  In 
.>ew  York,  under  the  Hrm  name  of  black.  Field  and  iiminons  Com- 
pany. In  1907  he  orfeanized  the  Atlantic  Coal  Company  which  has 
mines  at  Boswell  and  Hlacklield  This  company  is  a  large  producer  of 
coai  and  emiiloys  letween  ."lOU  and  6U'I  men.  !t  has  two  of  the  best 
equipped  and  best  managed  coal  mining  plants  in  Somerset  County, 
both  of  which  have  been  under  the  personal  direction  of  Commls- 
sioner  Black. 

James  A.  Farrell,  commissioner  of  public  works  of  Duluth,  Minn., 
has  appointed  the  following  engineers  as  an  advisory  board  for  his 
department;  W.  A  ClarK.  chief  engineer  of  Duluth  and  Iron  Range 
Railroad;  Clarence  Coleman,  of  the  United  States  engineering  corps; 
A.  Ai.  Guw.  niechanical  engineer;  W.  Ii.  Hoyt,  assistant  chief  engineer, 
Duluth,  Missabe  &  Northern  Railroad;  John  U.  Sebenius,  genera] 
mining  engineer  oi  Oliver  Iron  .Mining  Co.;  T.  F.  -MacGllvray,  civil 
engineer;  W.  B.  Patton,  civil  engineer;  John  N.  Pickcis,  chief  en- 
gineer Canadian  Northern  Railroatl;  S.  S.  Rumsey,  chief  engineer  of 
Oliver  iron  .Miiiini,*  Co..  and  hrancis  \A*.  Sulli\an,  civil  engineer  and 
attorney.  The  members  of  the  lioard  will  serve  without  pay,  and 
their  advice  will  be  sought  on  all  important  matters  and  no  steps 
will  be  taken  by  the  public  works  department  until  the  board  has 
had  ample  time  to  study   and  pass  on   it. 


OBITUARY. 

AV.  R.  Tinsley,  for  35  years  district  superintendent  of  maintenance 
of  ways  of  the  .Atlanta  and  West  Point  and  the  Georgia  Railroad,  died 
June  30,  at  Atlanta,  Ga. 

Joseph  Ramsey,  Jr.,  president  of  the  Lorain,  Ashland  &  Southern 
R.  R.,  died  suddenly  ol  apoplexy  on  July  7  at  his  home,  o.'i  Lenox 
Ave.,  East  Orange,  N.  J.  Mr.  Ramsey  was  born  in  1S50  at  Pittsijurgh. 
Pa.,  and  was  eaucated  at  the  Western  University  of  Pennsylvania. 
From  1S69  to  1S70  he  was  in  the  engineering  corps  of  the  Pittsburgh, 
Cincinnati,  Chicago  and  St.  Louis  Ry.,  and  in  July  and  August  of 
the  latter  year  he  was  engineer  of  construction  of  the  Dresden  cut-off. 
From  September,  1S70,  to  May  21,  1S71,  he  was  assistant  engineer 
of  the  Cincinnati  &  Muskingum  Valley  R.  R.,  and  from  -May  to 
October,  1871,  chief  engineer  on  location  of  the  Bells  Gap  R.  R. 
From  October,  1S71,  to  April,  1S72,  he  was  assistant  engineer  of  the 
Lewistown  division  of  the  Pennsylvania  R.  11.  trom  April.  1872,  to 
1878  he  was  engineer.  From  the  latter  year  to  1S79,  chief  engineer 
and  superintendent  of  the  Bells  Gap  R.  R.  F'lom  January  to  No- 
vember, 1S79,  he  was  chief  engineer  and  superintendent  of  the  New 
Castle  &  Lake  Erie  R.  R.,  and  from  the  latter  date  to  April  1, 
1SS2,  he  was  chief  engineer  and  superintendent  of  the  Pittsburgh 
Southern  R.  R.  In  March.  1882,  he  became  chief  engineer  and  general 
manager  of  the  Pittsburgh,  Chai-tiers  &  Youghiogheny  R.  R.,  continu- 
ing in  tills  position  imtil  August,  188:j.  In  this  year  he  also  became  chief 
engineer  and  general  manager  of  two  other  roads  and  of  the  Chartiers 
Block  Co.  Fiom  August,  1883,  to  1886,  he  was  engineer,  and  from 
ISSB  to  1890,  chief  engineer  of  the  Cincinnati.  Hamilton  &  Dayton 
Ry.  Fi'om  Jan.  1.  1890,  to  June  1891,  he  was  assistant  to  the  president 
of  the  Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Ry.,  and  from 
March,  1890,  to  March.  1895,  president  of  the  Peoria  &  Pekin  Union 
Ry.  He  was  general  manager  of  the  Terminal  Railroad 
Association  of  St.  Louis  from  April  1,  1893,  to  Dec.  1,  1895,  and  from 
the  latter  date  to  June  20,  1901,  vice  president  and  general  manager 
of  the  Wabash  R.  R.  He  became  president  of  this  road  in  June  20. 
1901.  and  continued  in  this  position  until  .\pril  19,  1905.  He  also  had 
been  president  of  the  Wheeling  &  Lake  Erie  R.  B.,  the  Ann  Arbor 
R.  R.,  and  the  Western  Maryland  R.   R. 


NEW  CATALOGS. 

Pipe. — Paper,   5x8  in.      National  Tube  Co.,  Pittsburgh,   Pa. 

This  is  the  new  edition  (revised  and  enlarged)  of  "National" 
Matheson  joint  pipe  booklet.  It  contains  many  new  photographs  of  in- 
stallations of  this  pipe.  Several  of  these  installations,  judging  from 
the  views,  were  made  uniler  \  erv  difficult  conditions.  The  booklet 
contains   much    information   of  interesc   to  engineers   and   contractors. 

Cleaning  Water  Mains.— Paper.  6x9  in.;  24  pp.  The  National  Water 
Main  Cleaning  Co..  50  Church  St.,  New  York  City. 
Discusses  the  causes  and  effects  of  dirty  mains  and  describes  the 
method  employed  bv  this  company  in  cleaning  the  pipes.  A  table  is 
given  showing  the  results  obtained  in  45  cities  by  cleaning  the  water 
mains.    Data  also  are  given  on  the  cost  of  pipe  cleaning. 

Meter  Boxes.— Paper,  6x?  in.;  52  pp.  H.  W.  Clark  Co.,  Mattoon.  111. 
This  is  catalog  N.  It  contains  a  description  of  the  Clark  Meter 
Boxes  and  also  of  the  various  water  works  appliances  manufactured 
by  this  comoanv.  Numerous  reproductions  of  photographs  showing 
typical  installations  are  given,  as  well  as  several  drawings  giving  de- 
tails of  the  meter  boxes. 

Pumps. — Paper,    9x12    in.;    12    pp.      D'Oiier   Centrifugal    Pump    &    Ma- 
chine Co. 

This  is  a  Bulletin,  Series  G,  No.  1.  It  describes  particularly  the 
Wood  Screw  t\  pe  pumps  for  irrigation  and  drainage  service.  Illus- 
trations are  given  showing  installations  at  the  Terrebonne  Drainage 
.listrict  The  bulletin  also  contains  descriptions  of  special  types  or 
ii'Olier  centrifugal  pumps,  of  a  reinforced  concrete  case  pump. 
D'Oiier  centrifugal  volute   and   multi  stage  pumps. 
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INDUSTRIAL  NOTES. 

On  July  1st  the  Seattle,  Wash.,  office  of  the  Lidgerwood  Mf.g.  Co. 
was  removed  from  807-809  Western  Ave.  to  new  quarters  at  .63-65  Co- 
lumbia St. 

Mr  A  R  I'urphv,  Jum  .4m.  Soc,  C.  E..  of  Knoxville,  Tenn..  has 
becom'=  associated  with  the  engineering  staff  of  Wallace  &  Tiernan 
Co  manufacturers  of  Chlorine  Control  Apparatus.  New  York  City. 
Mr.'  Murphv  is  a  graduate  of  the  University  of  Tennessee  and  has 
had  several  years'   general  waterworks  experience. 

E  K  JIarker,  District  Manager  of  the  T.  L.  Smith  Co.,  has  moved 
to  new  quarters  at  509  Wells  St.,  Jlilwaukee.  Wis.,  where  he  takes 
charge  of  the  business  of  the  company  as  Wisconsin  Representative. 
Mr.  Marker  will  carry  a  stock  of  mixers  on  the  floor  and  will  also 
stock  a  complete   line  of  contractors'   supplies. 

John  Bennett  Bissell,  formerly  President  of  John  Bennett  Bissell. 
Inc  exporters,  has  resigned  to  join  the  organization  of  the  Blaw 
Steel  Construction  Co.,  Pittsburgh.  Pa.  Mr.  Bissell  will  he  Manager 
of  the  Export  Department,  and  the  Eastern  Structural  Sales  De- 
partment, and  will  be  located  at  the  company  offices,  16o  Broadway, 
New  Y'ork. 

The  Ransome  Concrete  IMachinery  Co..  with  executive  offices  at 
115  BroadWc-Jv,  New  York  Citv.  and  an  enlarged  factory  at  Dunellen. 
X  J,  has  jiist  established  another  office  at  St.  Louis,  Mo.,  number 
r^  to  IS  South  12th  St.  The  agent  there  is  Mr.  E.  Gwynn  Robinson. 
He  will  have  a  show  room  where  the  latest  type  of  all  kinds  of  mix- 
ers   from  the  smallest  bantam  to  the  road  paver,  will  be  on  exhibition. 
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ANNOUNCEMENT    OF    THE    EXCAVATION    AND 
RAILWAY  MONTHLY  ISSUE  OF  "ENGINEER- 
ING AND  CONTRACTING." 

Beginning  ten  years  ago  this  journal  made  a  practice 
of  publishing  a  section  every  week  devoted  to  earth  and 
rock  excavation  articles.  Three  years  later  the  "Dirt 
Mover"  was  purchased  and  made  part  of  "Engineering 
and  Contracting."  The  editor  is  author  of  two  books  on 
excavation.  With  changed  titles  and  greatly  enlarged, 
each  volume  containing  about  400,000  words,  these  two 
books  are  now  in  the  printer's  hands.  The  new  titles 
are  "Handbook  of  Rock  Excavation"  and  "Handbook  of 
Earth  Excavation." 

We  mention  these  facts  to  indicate  the  importance  at- 
tributed by  the  editors  of  "Engineering  and  Contracting" 
to  the  "dirt-moving  field."  But  as  a  further  earnest  of 
our  belief  in  its  importance  we  announce  the  intention 
of  devoting  the  third  issue  of  every  month  to  articles  on 
excavation  and  railways.  This  issue,  to  be  called  the  Ex- 
cavation and  Railway  Monthly,  will  be  sold  for  $1  a  year. 
As  stated  on  the  front  cover,  any  two  or  more  monthly 
issues  will  be  sold  in  combination  for  75  ct.  each  per  an- 
num, and  every  issue  (52  yearly)  can  be  secured  for  $3. 
We  believe  that  many  contractors,  superintendents  and 
engineers  who  specialize  in  excavation  will  find  the  arti- 
cles in  our  Excavation  and  Railway  Monthly  all  that  they 
need  to  keep  abreast  of  "changes  in  the  art."  Many  con- 
tractors of  course  will  require  in  addition  contract  news 
service  that  we  give  in  our  construction  news  section 
every  week.  This  combination  of  a  periodical  service  on 
excavation  articles  and  a  weekly  service  on  contract 
news  is  given  by  no  other  periodical  in  America.  We 
believe  it  to  be  the  most  rational  solution  of  the  problem 
of  furnishing  all  classes  of  readers  with  the  sort  of  in- 
formation desired  and  at  a  subscription  price  that  is 
exceedingly  low  for  the  quality  of  service  rendered. 

The  articles  relating  to  railway  work  will  be  mostly 
of  the  sort  that  interest  the  railway  contractor  and  the 
engineer  in  charge  of  railway  construction.  While  rail- 
way construction  has  been  scarce  during  the  past  few 
years,  the  great  prosperity  of  American  railways  during 
"the  last  eighteen  months  is  certain  to  be  followed  soon 
by  a  large  amount  of  railway  betterments,  additions  and 
extensions. 

The  tide  of  puhflic  regulation  of  railway  rates  has 
turned  strongly  in  favor  of  the  railways.  Railway  valua- 
tions are  disclosing  the  fact  that  few  railways  are  over- 
capitalized, and  therefore  not  many  are  earning  exorb- 
itant profits.  The  editor  appraised  $225,000,000  of  railway 
property  for  a  Western  state  several  years  ago,  and  then 
learned  how  greatly  to  the  advantage  of  all  railways 
would  be  similar  public  official  valuation  of  railway  prop- 
erty. Each  successive  appraisal  since  then  has  served  to 
confirm  his  opinion  that  the  political  salvation  of  the 
railways  lies  largely  in  such  appraisals. 

Land  reclamation,  by  drainage  and  by  irrigation,  will 
show  greater  progress  in  the  next  ten  years  than  in  the 
past,  for  the  prices  of  agricultural  lands  have  mounted  at 
a  startling  rate.  The  high  prices  of  foods  of  all  kinds  are 
indicative  of  the  relative  scarcity  of  improved  lands. 
Mouths  to  be  fed  have  increased  more  rapidly  than 
farmed  acreage.  To  engineers  and  contractors  the  sig- 
nificance of  these  facts  is  this:  Land  reclamation  projects 
will  secure  a  better  financial  welcome  hereafter  than 
heretofore.    Capitalists  and  the  government  have  learned 
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better  how  to  put  farmers  on  newly  reclaimed  land,  and 
the  costly  mistakes  of  waiting  for  farmers  to  flock  to  the 
new  lands  will  seldom  be  made  again.  Proper  publicity, 
coupled  with  loans  to  farmers,  will  solve  the  problem  of 
putting  men  on  the  land. 

Road  grading  has  already  become  an  important  class  of 
excavation  work,  but  roadwork  is  still  in  its  swaddling 
bands.  Pleasure  cars  and  motor  trucks  are  multiplying 
with  incredible  rapidity.  Roadwork  lags  behind  that 
multiplication,  but  each  year  sees  a  substantial  increase 
in  road  construction.  Now  that  Uncle  Sam  is  about  to 
spend  $85,000,000  on  roads,  to  which  the  states  that  are 
aided  will  add  another  $75,000,000— a  total  of  $160,000,000 
on  roadwork  in  the  next  five  years — there  is  assurance 
that  roadbuilding  will  not  long  lag  behind  the  building  of 
roadmobiles. 

To  the  "dirt  movers"  it  may  be  said  that  all  signs  and 
portents  for  a  prosperous  future  are  better  now  than  at 
any  time  during  the  past  decade. 


A  MEMORIAL  TO  DAVID  DU  BOSE  GAILLARD. 

The  members  of  the  Third  United  States  Volunteer  En- 
gineers have  performed  a  fitting  act  in  publishing  a 
memorial  volume  to  Colonel  David  Du  Bose  Gaillard  who 
was  their  regimental  commander  in  the  war  with  Spain. 
For  his  work  at  Panama  Colonel  Gaillard  received  un- 
grudging praise  by  the  public,  for  in  Culebra  Cut  the  pub- 
lic had  a  work  of  engineering  the  magnitude  of  which  the 
public  could  understand.  To  engineers,  however,  this 
work  only  confirmed  the  proof  which  previous  work  had 
given  of  the  exceptional  engineering  knowledge  and  skill 
of  its  immediate  director.  This  memorial  volume  is  not 
a  review  of  Colonel  Gaillard's  engineering  work  at  Pan- 
ama and  elsewhere;  it  is  an  assemblage  of  appreciations 
of  the  man  and  the  engineer  from  the  pens  of  those  who 
knew  him  and  his  accomplishments.  To  few  men  in  a 
generation  comes  so  unanimous  recognition  of  service 
rendered;  it  should  make  every  engineer  gratefully  proud 
that  it  was  to  an  engineer  that  it  came. 


IMPROVED   BLASTING   PRACTICE    IN   COAL 
MINING. 

The  increasing  use  of  permissible  explosives  in  coal 
mining  in  the  United  States  has  been  accompanied  by  the 
material  reduction  of  72  per  cent  in  blasting  accidents 
since  1903.  These  figures  are  according  to  the  records 
of  the  Bureau  of  Mines.  Also  these  records  show  that 
at  least  one-fourth  of  all  blasting  accidents  are  prema- 
ture blasts  caused  by  miners  using  short  fuses  and  defec- 
tive squibs.  There  is  obviously  an  opportunity  for  im- 
provement in  coal  mining  of  methods  of  firing  blasts. 
It  can  be  met  by  substituting  electric  firing  for  the  an- 
tiquated method  of  fuse  and  caps.  There  would  seem 
to  be  scant  reason  why  this  change  should  not  come 
about.  Most  coal  mines  now  employ  electric  firing  and 
those  which  do  not  could.  The  cost  of  installation  is 
small.  A  blasting  machine  suitable  for  coal  mines  costs 
about  $10  and  will  last  for  years  if  properly  cared  for. 
Electric  blasting  caps  cost  little  if  any  more  than  fuse 
and  blasting  caps  and  the  cost  of  leading  wire  is  small. 
Contractors  for  rock  excavation  ver>'  generally  employ 
electric  firing,  but  there  are  a  few  who  do  not,  and  to 
these  few  the  reasons  for  its  adoption  in  coal  mining  ap- 
ply as  forcibly  as  they  do  to  coal  miners. 
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WHY     NOT     AUTOMOBILIZE     OUR     RAILWAYS? 

Twenty  years  ago  when  the  trolley  car  began  to  cut 
into  the  passenger  receipts  of  railways,  the  loss  of  busi- 
ness was  taken  as  philosophically  as  if  it  were  an  "act 
of  God."  Had  steam  railway  managers  been  quick  to 
seize  the  new  invention  of  electric  transportation,  we 
should  today  have  few  independent  interurban  trolley 
lines  and  more  economic  transportation. 

Now  we  are  witnessing  a  similar  failure  on  the  part 
of  all  railway  managers — electric  as  well  as  steam — to 
seize  the  newest  instrument  of  transportation.  Motor 
trucks  are  already  "stealing"  much  of  the  short-haul 
freight  traffic.    Why  not  automobilize  the  railways? 

Because  Carranza  would  not  permit  American  troops 
to  use  Mexican  railway  equipment,  some  genius  in  our 
army  temporarily  transformed  motor  trucks  into  railway 
rolling  stock  by  fastening  detachable  steel  flanges  to  the 
motor-truck  wheels.  Thus  the  trucks  were  driven  over 
the  railways,  where  there  were  railways  available,  and 
over  dirt  roads  when  no  railways  were  available.  The 
change  from  a  rail  vehicle  to  a  dirt  road  vehicle  is  quickly 


to  human  wealth  than  you  have  already  added — which  is 
a  vast  deal. 

We  show   herewith   a   photograph  of  an  automobilized 
railway. 


Motor    Truck    Equipped    With    Removable    Flanges    to    Run    on    Railway 

Track. 

made,  and  thus  the  problem  of  automobiling  one  railway 
system  was  speedily  effected  in  part. 

Innumerable  rail  lines  carry  only  a  few  trains  daily, 
and  the  train  loads  are  not  great  at  best.  There  is  every 
reason  to  believe  that  much  of  the  freight  traffic  over 
such  lines  could  be  more  cheaply  hant'led  by  motor  trucks 
adapted  to  run  on  rails  as  well  as  on  roads. 

The  one  great  economic  principle  that  American  rail- 
way managers  have  always  treated  with  scant  consid- 
eration is  this:  Every  equation  of  unit  costs  should  con- 
tain every  element  in  the  total  cost,  and  should  be  solved 
for  a  minimum  unit  cost.  In  transportation  the  total  cost 
is  not  the  rail  cost  alone,  but  includes  delivery  to  the 
rail  terminal  at  one  end  and  conveyance  to  the  destina- 
tion at  the  other  end,  as  well  as  the  handling  and  fixed 
charges  at  all  terminals. 

Railway  managers  have  always  had  their  eyes  cen- 
tered on  what  they  regarded  as  being  their  part  of  the 
transportation  cost — the  rail  part.  They  have  very 
largely  ignored  the  part  of  the  total  cost  that  is  now  much 
greater  in  the  aggregate  than  the  cost  of  rail  haulage. 
Does  not  a  broader  vision  dictate  a  complete  change  in 
railway  policy?  May  not  the  pressing  and  perplexing 
problems  of  furnishing  adequate  terminal  facilities  in 
large  cities  be  solved  by  automobilizing  the  terminals? 

Why  will  it  not  be  economic  to  transfer  nearly  all 
freight  from  cars  to  motor  trucks  outside  the  limits  of 
large  cities,  run  the  trucks  into  the  cities  on  rails,  re- 
move their  temporary  wheel  flanges  and  thus  enable  them 
to  run   over  paved   streets  to  their  destinations? 

Railway  managers,  wake  up!  Come  out  of  your  nar- 
row path,  and  beyond  its  extremities,  into  all  the  high- 
ways of  transportation.  View  transportation  in  its  en- 
tirety as  your  real  field  of  action,  and  you  will  add  more 


HANDLING     DIRT    OUT    OF     DEEP     PITS    AND 
CELLARS. 

More  and  more  are  light  rotary  steam  shovels  used  for 
digging  cellars  and  other  small  but  relatively  deep  pits. 
But  the  use  of  such  shovels  would  be  considerably  in- 
creased were  more  thought  given  to  methods  of  hauling 
away  the  dirt  more  rapidly  and  more  economically. 

A  small  pit  is  not  a  good  place  to  get  into  and  out  of 
rapidly  with  wagons.  Besides,  a  snatch  team  or  hoisting 
engine  is  usually  needed  to  pull  out  the  heavy  loads.  We 
wish  to  suggest  a  few  methods  of  helping  such  a  steam 
shovel  to  increase  its  output,  while  at  the  same  time  re- 
ducing the  cost  of  hauling. 

Method  No.  1:  This  consists  in  using  a  clamshell 
bucket  and  a  derrick  to  deliver  from  a  pile  of  loose  dirt 
in  the  pit  to  a  hopper  above  the  street  level.  From  the 
hopper  the  dirt  is  loaded  into  dump  wagons.  The  steam 
shovel  digs  the  dirt  and  dumps  it  in  a  pile  alongside  it- 
self, within  reach  of  the  clamshell.  The  clamshell  then 
has  only  the  job  of  grabbing  up  loose  earth  and  putting 
it  in  a  hopper.  A  steam  shovel  operated  thus  can  more 
than  double  its  usual  output,  and  a  clamshell  can  read- 
ily handle  the  loose  earth  into  a  hopper  without  delays. 
A  wagon  is  filled  from  a  hopper  in  about  a  minute,  thus 
reducing  team  time  in  loading,  to  say  nothing  of  sav- 
ing in  time  required  to  get  into  the  pit  and  out  of  it. 
It  is  well  to  provide  two  hoppers  to  reduce  delays.  Two 
dump  wagon  bodies  can  be  used  for  this  purpose,  but  a 
better  device  is  shown  elsewhere  in  this  issue. 

Method  No.  2:  This  is  the  same  as  the  method  just 
described,  except  that  a  drag-line  excavator  is  used  in- 
stead of  a  clamshell  bucket.  The  earth  is  pulled  out  of 
the  pit  with  a  power  operated  scraper  bucket  and  deliv- 
ered into  a  hopper.  There  are  several  ways  of  doing  this, 
which  need  not  be  described  now. 

Method  No.  3:  The  loose  dirt  stacked  up  by  the  steam 
shovel  is  dragged  by  team-operated  fresno  scrapers  ta 
the  "boot"  of  a  bucket  elevator  and  thereby  delivered 
into  a  hopper.  With  a  short  haul  and  operating  on  loose 
earth,  a  four-mule  fresno  and  one  driver  will  move  75  to 
100  cu.  yd.  per  day. 

Method  No.  4:  This  is  the  same  as  the  last  method, 
except  that  the  place  of  the  mule-operated  fresno  is  taken 
by  a  trench  "backfiller."  A  small  gasoline  hoisting  engine 
'on  wheels  manipulates  a  scraper  that  delivers  the  dirt  to 
an  elevator. 

Other  combinations  of  mechanical  devices  for  moving 
dirt  can  be  used.  Our  object  here  is  merely  to  suggest 
ways  of  greatly  increasing  the  effectiveness  of  the  small 
rotary  steam  shovel  for  pit  digging. 


WELL    DRILLING    AN    OPPORTUNITY    FOR    EN- 
GINEERS. 

Well  drilling  is  an  excavating  process  of  a  very  special 
nature.  It  requires  special  skill  and  it  requires  special 
apparatus.  The  work  of  well  drilling  has  therefore  be- 
come centered  in  the  hands  of  a  few  contractor  special- 
ists. These  men  have  for  the  most  part  received  their 
training  beginning  as  Workers  in  a  drilling  gang  and 
advancing  to  drillers  and  contractors.  Their  origin  and 
training  have  hampered  them.  In  particular  they  are 
conservative,  clinging  to  the  processes  and  tools  they  know 
of,  afraid  of  new  processes  and,  therefore,  backward  in 
innovating  methods  and  devices  to  meet  new  conditions. 
They  are  artisans  and'  not  engineers.  Their  field  of  work 
is,  therefore,  one  in  which  engineering  training  has  op- 
portunity and  one  in  which  the  financial  rewards  are  not 
inconsiderable.  And  the  field  is  one  which  is  enlarging 
as  one  may  readily  convince  himself. 

Well  drilling  is  very  old,  as  was  pointed  out  in  an  ar- 
ticle in  our  issue  of  May  31  by  one  of  the  writers  for 
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this  issue,  but  the  use  of  mud-ladened  water,  of  cementa- 
tion and  of  large  casing  to  great  depth  are  comparatively 
recent  developments  in  well  drilling.  These  methods  have 
not  reached  full  development  technically  and  herein  is 
one  opportunity  for  the  engineer  well  driller.  They  are 
only  slowly  being  applied  by  the  old-style  driller  and 
here  is  another  opportunity.  In  the  past  well  drilling  has 
been  employed  to  tap  subterranean  supplies  of  gas,  of 
oil,  of  salt  and  of  water.  These  will  continue  to  be  the 
main  purposes  of  the  operation,  but  the  field  will  broaden. 
One  cannot  believe  that  salt  is  the  only  water-bourn 
mineral  that  can  be  profitably  developed  by  deep  wells. 
But  even  if  the  purposes  for  which  wells  are  driven  be 
confined  to  those  named  the  work  will  extend  to  new  fields 
with  new  and  variable  conditons,  and  herein  arises  the 
opportunity  of  the  man  educated  in  engineering  to  origi- 
nate methods  that  will  satisfy  the  new  requirements. 
One  might  easily  extend  the  illustration  were  it  necessary. 
As  one  of  the  writers  in  this  issue  says  elsewhere:  "The 
art  of  drilling  offers  a  great  field  with  ample  financial 
reward  to  the  young  engineering  graduate  who  is  willing 
to  go  into  the  derrick  and  acquire  the  "feeling"  necessary 
•  to  really  judge  of  the  ground  drilled  and  check  the  work 
of  the  driller." 


\VHY  NOT  AN  ANNUAL  CONVENTION  OF  "DIRT 
MOVERS"? 

Almost  every  large  class  of  men  engaged  in  construc- 
tion work  holds  an  annual  convention  to  discuss  new 
methods  and  to  study  new  machines.  Not  even  the  great 
army  of  cement  users  numbers  as  many  in  its  ranks  as 
the  vastly  older  army  of  dirt  movers  whose  first  president 
was  Adam.  Never  but  once  in  its  history  was  all  of  this 
army  put  hors  de  combat — or  mule  de  combat,  for  that 
matter — and  that  was  for  the  40  days — or  was  it  longer? 
— when  Noah  took  to  the  ark.  But  when  he  beached  his 
scow  on  Mt.  Aarat  it  is  reasonably  certain  that  the  first 
constructive  thing  he  did  was  to  grade  a  level  spot  to 
live   on. 

So  from  that  time  to  this,  working  then  with  a  sharp- 
ened stick  for  a  plow,  working  now  with  tools  so  mul- 
tifarious that  a  book  can  scarcely  list  them,  the  "dirt 
movers"  have  been  the  first  on  every  job,  be  it  the  digging 
of  a  cellar,  the  ditching  for  a  water  pipe  or  the  grading 
for  a  railway. 

Now,  why,  with  all  these  men  and  all  these  devices  for 
their  service,  do  not  both  men  and  devices  foregather  once 
a  year?  The  great  success  of  the  "cement  show"  in  Chi- 
cago every  year  demonstrates,  we  believe,  that  similar 
success  would  attend  an  "excavation  show."  Would  it 
not  be  wise  for  manufacturers  of  rock  and  earth  moving 
devices  to  begin  planning  such  a  show  for  next  winter? 


POINTS     IN     USING     A     STEAM     SHOVEL     FOR 
TRENCH  WORK. 

In  digging  large  trenches  for  sewers,  etc.,  steam  shovels 
are  frequently  used  very  effectively.  A  contractor  inex- 
perienced in  such  use  of  a  shovel  will  find  the  following 
suggestions  helpful: 

First. — Change  the  position  of  the  levers  that  operate 
the  shovel,  placing  them  about  5  ft.  outside  the  shovel- 
house,  on  an  extension  platform  built  for  the  purpose. 
Standing  there  the  operator  can  see  the  bottom  of  the 
trench  even  where  it  is  25  ft.  or  more  deep. 

Second. — Remove  the  traction  wheels  and  mount  the 
shovel  on  rollers  that  rest  on  timbers  laid  on  opposite 
sides  of  the  trench.  The  shovel  is  shifted  by  means  of 
a  cable  Anchored  to  a  deadman,  and  operated  by  the  main 
engines.  A  60-ton  or  70-ton  shovel  can  be  moved  on  roll- 
ers 120  ft.  per  hour  over  level  ground. 

Third. — Ordinarily  it  is  best  to  excavate  a  deep  trench 
(18  ft.  or  more  deep)  in  two  "lifts"  or  benches;  working 
one  day  on  the  upper  bench,  then  back  up  and  work  the 
next  day  on  the  lower  lift. 

In  the  upper  "bench"  use  two  50-ft.  I  beams  as  "rang- 
ers" to  support  the  "sheeting"  of  vertical  planks.     One 
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I  beam  is  placed  horizontally  on  each  side  of  the  trench, 
about  half  ,way  up  the  "lift,"  and  jackscrew  braces  every 
20  ft.  hold  the  I  beams  and  sheeting  in  place.  Regular 
timber  rangers  and  braces  are  also  used,  but  some  of 
these  must  be  temporarily  removed  when  the  shovel  is 
digging  out  the  lower  bench  or  lift,  and  then  it  is  that 
the  I  beams  hold  the  sheeting  in  place.  When  the  shovel 
is  shifted  forward  (15  ft.  or  so),  the  I  beams  are  fastened 
to  the  shovel  and  moved  forward  with  it,  after  loosening 
the  jackscrews  that  hold  the  I  beams  apart.  It  takes 
about  half  an  hour  to  shift  a  large  shovel  forward  15  ft. 
on   rollers. 


INCREASING  THE  PERCENT  OF  DIGGING  TIME 
OF  A  STEAM  SHOVEL. 

When  a  steam  shovel  has  begun  work  on  a  cut  it  will 
usually  not  be  actually  digging  dirt  more  than  half  the 
time.  The  other  half  is  spent  in  shifting  forward,  in 
waiting  for  cars,  taking  on  coal  and  water,  delays  inci- 
dent to  field  repairs,  etc.  In  rock  work,  the  cleaning  out 
of  large  boulders  and  blockholing  or  mudcapping  add  still 
more  to  the  lost  time. 

Shifting  a  large  shovel  forward  about  6  ft.  each  move, 
where  the  shovel  is  on  rails,  ordinarily  takes  about  4  to 
5  minutes,  but  a  slow  gang  may  consume  15  minutes, 
whereas  a  very  rapid  gang  can  make  such  a  shift  in  IV2 
minutes  or  slightly  less.  If  the  cut  is  shallow,  necessitat- 
ing frequent  shifts,  it  will  pay  well  to  "keep  tabs  on" 
the  time  spent  in  shifting  with  a  view  to  cutting  it  down 
to  2  minutes  for  the  average  shift.  The  pit  crew  should 
be  trained  to  work  at  sprinting  speed  when  moving  ties 
and  rails  forward,  for  the  total  daily  output  depends  ma- 
terially upon  the  rapidity  with  which  forward  shifts  are 
made.  It  hurts  no  man  to  speed  up  for  a  few  minutes  at 
intervals.  Yet  many  a  pit  gang  works  as  deliberately 
while  shifting  as  if  that  work  were  a  steady  all-day  job. 

When  one  stops  to  consider  that  the  daily  cost  of  a 
large  shovel,  dinkeys,  cars  and  men  is  seldom  less  than 
$50  and  more  often  is  nearer  $100,  it  becomes  evident 
that  it  pays  to  employ  a  man  to  time  all  the  operations 
and  delays,  noting  the  cause  and  duration  of  all  time 
not  actually  spent  digging  dirt.  Study  of  the  daily  reports 
made  by  such  a  timekeeper  will  indicate  steps  to  be  taken 
to  reduce  lost  time. 

On  some  classes  of  work  the  time  lost  in  moving  sev- 
eral hundred  feet  to  start  a  new  cut  is  a  source  of  unduly 
great  expense.  In  our  next  monthly  issue  we  will  give 
some  suggestions  on  ways  of  reducing  the  time  of  mov- 
ing. 


EDITORIAL  PARAGRAPHS. 

The  self-propelling  small  drag  line  scraper  trench  back- 
filler is  a  recent  earth  moving  tool  and  a  most  useful  and 
eflicient  tool.  Twenty-five  years  ago  the  writer  saw  in 
a  northern  New  York  City  a  gang  on  sewer  work  using  a 
board  "scraper,"  with  handles,  directed  by  one  man  and 
hauled  by  a  half  a  dozen  other  men  pulling  on  ropes  and 
doing  exactly  the  same  kind  of  work,  in  exactly  the  same 
manner,  that  the  power  scraper  backfiller  does  it.  Verily, 
the  development  of  a  good  idea  is  a  long  delayed  aff"air. 


It  occurs  to  us  to  assert  that  the  modern  trench  exca- 
vator ranks  as  king  among  tools  for  strictly  special  ex- 
cavating tasks.  The  steam  shovel,  dredges,  power  and 
horse  scrapers  of  various  sorts  and  most  small  tools  are 
tools  for  general  excavation.  The  trench  excavator  is  a 
tool  for  digging  trenches  and  for  no  other  purpose,  and 
it  is  one  of  the  most  efficient  tools  that  the  earth  mover 
has  at  his  command.  Incidentally  the  largest  of  these 
machines  weighs  upward  of  50  tons  and  is  not  much 
smaller  than  the  railway  locomotive  of  not  so  many  dec- 
ades past. 


A  bucket  ladder  dredge  designed  to  handle  300,000  cu. 
yd.  of  gravel  per  month  has  been  put  into  service  by  the 
Yuba  Consolidated  Gold  Fields  Co.  in  California.  The 
steel  hull  alone  weighs  1,000  tons.     "Some"  dirt  digger. 
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EXCAVATION   AND   EMBANKMENT   CONSTRUC- 
TION IN  BUILDING  THE  YALE  BOWL. 

The  construction  of  the  great  amphitheater  for  athletic 
games  at  Yale  University  involved  300,000  cu.  yd.  of  ex- 
cavation and  175,000  cu.  yd.  of  embankment.  The  bowl, 
therefore,  differs  from  most  modern  amphitheaters  in  be- 
ing essentially  an  earthwork  structure.  It  is  built  in  a 
level  plain  by  excavating  the  center  of  the  field  and  using 
the  excavated  material  to  make  an  embankment  around 
the  outside,  this  embankment  forming  a  complete  oval 
about  the  playing  field.  The  seat  slabs  are  placed  directly 
upon  the  earth,  making  it  a  structure  which  cannot  fall 
down.  The  surface  of  the  playing  field  is  about  27  ft. 
below  the  original  surface  of  the  ground,  while  the  top  of 
the  embankment  is  about  27  ft.  above  the  original  surface 
of  the  ground,  the  promenade  around  the  top  being  54  ft. 
above  the  playing  field. 

A  wall  4  ft.  high  surrounds  the  field.  Access  to  the 
bowl  for  spectators  is  provided  by  30  tunnels,  each  7  ft. 
wide  by  8  ft.  high.  These  extend  from  the  ground  level 
outside  to  about  midway  of  the  seat  bank,  and  aisles  lead 
up  and  down  the  slope  from  the  inner  ends  of  the  tunnels. 
Access  to  the  playing  field  from  the  outside  is  given  by 
two  tunnels,  one  15  ft.  wide  by  10  ft.  high  and  suited  for 
entrance  of  vehicles,  steam  roller,  etc.,  and  the  other  10 
ft.  wide  by  8  ft.  high  and  suited  only  for  pedestrians,  as 
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post  could  have  been  located  at  the  center  of  any  section 
of  the  track  which  was  approximately  a  circular  arc,  and 
all  of  the  material  within  the  sector  could  have  been 
removed  by  the  bucket,  but  several  practical  considera- 
tions prevented  this  from  being  carried  out  in  the  main 
part  of  the  excavation,  although  towards  the  end,  when  the 
banks  were  trimmed  by  dragging  special  buckets  up  the 
interior  slope,  this  came  very  near  to  being  the  actual 
layout. 

The  maximum  output  of  one  of  the  excavators  was 
about  1,500  cu.  yd.  running  22  hours,  while  the  largest 
month's  work  for  the  two  was  about  45,000  cu.  yd.  Con- 
siderable experimenting  was  necessary  before  the  exact 
design  of  bucket  was  found  which  would  load  itself  in 
the  bottom  of  the  hole,  and  would  travel  up  the  slope  with- 
out digging  into  the  bank  which  had  already  been  built. 
The  proper  shape  was  finally  found,  and  the  buckets 
worked  very  well  with  only  an  occasional  accidental  dig- 
ging below  grade,  which  usually  took  place  during  the 
night,  when  the  light  and  supervision  were  not  particu- 
larly good.  Quite  a  little  difficulty  was  experienced  in 
digging  through  the  10  ft.  of  sandy  gravel,  which  was 
fairly  compact,  although  the  buckets  were  heavy  and 
equipped  with  strong  teeth.  After  this  was  past,  however, 
the  digging  was  very  good  and  the  machines  worked 
easily.  Most  of  the  excavation  outside  of  the  bowl  as 
well  as  a  portion  of  that  inside  was  made  by  two  Thew 


View  of  Yale   Bowl   Earthwork,   Showing  Tower   Drag   Line   Excavator. 


it  contains  stairs,  being  the  only  tunnel  so  constructed. . 
Access  may  also  be  had  to  the  playing  field  by  a  flight  of 
steps  at  the  foot  of  each  aisle.    The  outside  dimensions  of 
the  main  structure  are  933  ft.  by  744  and  the  structure 
with  its  approaches  covers  an  area  of  25  acres. 
Excavation. 

The  following  data  respecting  methods  of  excavation 
construction  are  taken  from  a  paper  by  Thomas  C.  Atwood, 
consulting  engineer,  in  the  journal  of  the  Boston  Society 
of  Civil  Engineers  and  from  data  furnished  by  the  con- 
tractors, the  Sperry  Engineering  Co.,  New  Haven,  Conn. : 

The  loam  which  covered  the  site  was  first  taken  off  and 
placed  in  separate  piles  of  black  loam  and  yellow  loam. 
The  depth  of  the  black  loam  averaged  about  10  in.  and  of 
the  yellow  loam  about  12  in.  Both  were  of  a  sandy  quality, 
particularly  the  yellow  loam,  some  of  the  latter  being  but 
little  better  than  the  sandy  gravel  beneath  it. 

The  gravel  was  placed  in  the  embankment  at  first  partly 
by  drag  and  wheel  scrapers,  but  the  main  dependence  for 
the  excavation  was  placed  upon  two  large  drag-line  ex- 
cavators operated  from  85-ft.  towers  which  moved  on 
elliptical  tracks  built  closely  around  the  outside  of  the 
bowl.  These  towers  operated  buckets  weighing  about 
4,500  lb.  and  having  a  capacity  of  about  2  cu.  yd.  The 
buckets  were  hauled  in  toward  the  tower  by  a  single  cable 
attached  to  a  drum  of  the  engine  and  run  out  by  gravity 
on  the  main  cable,  which  was  pulled  up  taut  by  block  and 
fall  attached  to  the  head  of  the  tower,  and  held  taut  until 
the  bucket  had  run  out  as  far  as  desired  and  then  slack- 
ened. The  other  end  of  the  main  cable  was  attached  to  a 
post  which  was  moved  from  time  to  time  so  that  the  bucket 
might  dig  from  the  exact  spot  desired.     Theoretically,  a 


rotary  steam  shovels  vfith  %-cu.  yd.  buckets  loading  dump 
wagons. 

Embankment. 

The  specifications  called  for  the  embankment  above  the 
tops  of  the  tunnels  to  be  rolled  in  6-in.  layers,  and  the 
method  of  operation  was  for  the  drag  buckets  to  make 
three  piles  of  material  between  each  pair  of  tunnels,  the 
piles  being  tent-shaped  and  usually  about  3  ft.  high,  8  ft. 
wide  and  as  long  as  the  bank  width.  These  piles  were 
figured  to  contain  just  enough  material  to  make  the  6-in. 
layer,  being  the  most  practical  way  in  which  to  regulate 
this  depth. 

As  the  towers  moved  along,  they  were  followed  up  by 
teams  with  leveling  boards,  which  leveled  off  the  piles 
to  a  fairlj'  uniform  surface,  and  this  was  thoroughly  wet 
down  by  water  from  lines  of  hose  and  rolled  eight  times, 
each  point  being  gone  over  four  times  by  a  grooved  roller 
and  four  times  by  a  smooth  roller  alternately.  The  rollers 
weighed  about  800  lb.  per  lineal  foot  and  as  a  rule  re- 
quired four  horses,  although  occasionally  a  very  heavy 
team  would  be  found  which  could  operate  one  for  a  few 
days  without  assistance.  One  larger  roller,  which  required 
six  horses,  was  used  for  a  time.  Large  quantities  of  water 
were  used.  The  contract  called  for  150  gal.  pef  minute, 
to  be  run  on  to  the  bank  night  and  day. 

Below  the  tops  of  the  tunnels,  where  rolling  was  not 
practicable,  the  material  was  watered  very  heavily,  and 
after  the  fill  had  got  above  the  tops  of  the  tunnels,  special 
efforts  were  made  to  make  sure  that  the  water  had  pene- 
trated to  every  portion  of  the  embankment  by  damming 
off  a  section  at  a  time  and  running  all  of  the  water  into 
this  section,  and  punching  holes  in  the  bank  about  8  ft. 
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on  centers  by  means  of  drills  or  water  jets.  In  this  way 
the  whole  embankment  received  a  uniform  treatment, 
which  could  not  have  been  assured  otherwise,  for  the  sand 
was  so  porous  that  the  water  from  a  2-in.  hose  would 
disappear  into  the  bank  within  5  or  6  ft.  from  the  end  of 
the  hose,  and  with  operation  by  the  ordinary  Italian  water 
boy,  it  was  impossible  to  tell  whether  every  portion  of  the 
embankment  had  been  thoroughly  soaked  or  not. 

When  the  embankment  had  been  carried  nearly  to  its 
full  height,  the  excess  material  on  the  interior  slope  was 
dragged  up  to  the  top  of  the  bank  by  heavy  timber  frames 
operated  by  the  drag  scraper  towers  in  the  same  manner 
as  a  bucket,  these  frames  being  about  10  ft.  square  and 
having  heavy  iron  plates  projecting  below  the  front  edge, 
acting  much  like  a  leveling  board.  They  could  be  made 
to  trim  just  where  it  was  desired  by  tightening  up  the 
main  cable  so  that  they  could  not  go  below  grade  at  any 
point,  and  they  did  very  good  work  in  shaping  up  the 
bank.     The  final  trimming  was  by  hand. 

The  outer  slope  of  the  embankment  was  trimmed  partly 
by  leveling  boards  operated  by  power  and  partly  by  hand, 
and  was  then  covered  with  about  10  ins.  of  loam,  into 
which  strips  of  turf  about  8  ft.  on  centers  were  embedded. 
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.MAJOR  RESULTS  OF  STUMP  REMOVAL  INVES- 
TIGATION CONDUCTED  BY  THE  UNIVER- 
SITY OF  WISCONSIN. 

Contributed  by  Carl  D.   Livingston,  Agricultural  Engineering  Depart- 
ment, University  of  Wisconsin. 

The  land  clearing  special  which  has  just  completed  a 
demonstration  tour  of  Northern  Wisconsin  has  established 
certain  points  regarding  stump  removal  which  are  of  in- 
terest to  contractors  who  have  to  do  clearing  in  ditch  and 
railway  grading  work.  The  writer,  who  organized  and 
managed  the  tour,  made  a  special  study  of  different 
methods  employed  by  the  various  co-operators,  including 
horse-power,  hand-power  and  dynamite,  each  working  sep- 
arately as  well  as  in  combination  with  each  other.  The 
following  points  were  established  to  be  good  practice  in 
land  clearing: 

Where  the  stumps  are  large  it  was  found  that  from 
one-third  to  one-fourth  the  amount  of  dynamite  necessary 
to  entirely  remove  the  stumps  from  the  ground  would 
crack  them  into  several  pieces  so  that  one  or  more  of 
them  could  be  pulled.  Stumps  may  be  pulled  easier  and 
quicker  when  cracked.  The  hole  left  is  not  nearly  so  large 
as  when  either  pulled  whole  or  blown  out  entirely.     The 


Close   View   of   Yale    Bowl    and    Head   Tower    of    Drag    Line    Excavator. 


running  parallel  to  the  top  of  the  bank,  with  the  idea  that 
they  would  help  to  distribute  rain  water  and  prevent  it 
from  getting  together  in  sufficient  volume  to  do  much 
damage  before  it  struck  another  line  of  turf  and  was 
spread  out  again. 

The  outer  slope  of  the  embankment  is  sloped  approxi- 
mately 1  on  2,  except  around  the  portals,  where  it  is  about 
1  on  V-^.  These  steep  places  were  turfed  entirely,  but 
the  remainder  of  the  slope  was  seeded  with  a  mixture  of 
III2  lb.  of  red  top,  5  lb.  of  Kentucky  blue  grass  and  20 
lb.  of  white  clover.  This  grew  rapidly  and  seemed  to  be 
vei-y  good  mixture  for  the  purpose,  the  clover  springing 
up  quickly  and  protecting  the  grass  while  it  was  starting. 
In  this  region  clover  generally  dies  out  after  two  or  three 
years,  while  the  red  top  is  the  native  grass  and  will  get  a 
good  start  by  that  time. 

During  the  placing  of  the  loam  and  turf  a  torrential 
rainstorm  occurred,  in  which  the  theory  of  the  strips  of 
turf  was  thoroughly  tested  and  found  to  be  correct.  Small 
gullies  formed  between  the  strips  of  turf,  being  at  most  an 
inch  deep  at  the  upper  end  and  3  in.  deep  at  the  lower 
end  and  close  together,  almost  as  if  a  very  coarse  rake 
had  been  dragged  down  the  slope  from  one  strip  to  an- 
other. In  no  instance  did  the  water  dip  underneath  the 
turf,  and  the  gullies  at  the  foot  of  the  bank  were  very  little 
larger  than  those  up  near  the  top.  The  total  amount  of 
dirt  washed  away  was  small,  and  the  only  repair  necessary 
was  going  over  with  a  rake  to  smooth  the  slope  up  once 
more. 


roois  are  cleaner,  are  easier  to  handle,  dry  quicker  and 
are  more  easily  burned. 

On  the  loams  and  clays  it  was  found  that  20  per  cent 
Red  Cross  dynamite  would  do  the  same  work  as  40  per 
cent  at  a  saving  of  25  per  cent  on  the  dynamite  bill.  ,  On 
the  lighter  soils  the  30  per  cent  grades  did  as  good  work 
as  the  high  kinds  and  cost  about  10  per  cent  less.  Forty 
per  cent  grades  on  higher  are  only  needed  on  dry  sands. 

Electrical  blasting  was  found  to  be  quicker  to  operate, 
and  far  more  safe  than  the  old  cap  and  fuse  method.  By 
the  use  of  a  blasting  machine  many  charges  may  be  de- 
tonated at  the  same  time,  either  under  the  same  or  dif- 
ferent stumps.  This  method  enables  the  charge  to  be 
placed  where  they  are  most  needed.  The  holes  left  are 
usually  smaller  and  the  cost  is  not  greater  when  the  re- 
sults are  taken  into  consideration. 

Stump  pilers  are  necessary  to  efficient  land  clearing 
where  mechanical  pullers  are  used.  When  they  are 
equipped  with  automatic  tripping  devices  piling  may  be 
done  at  the  same  time  as  the  stumps  are  being  burned. 
When  stumps  are  dropped  on  a  burning  pile  a  more  com- 
plete burn  is  secured:  some  dirt  may  be  left  on  the  roots 
and  they  may  be  much  greener  and  still  burn.  The  jar 
of  falling  stumps  is  like  continually  poking  a  grate  fire. 

Though  essentially  a  land  clearing  demonstration,  ex- 
hibitions of  ditch  blowing  with  dynamite  were  given.  Be- 
yond all  doubt,  explosives  are  ex-tremely  valuable  in  cer- 
tain kinds  of  ditching  work.  No  matter  how  wet,  brushy 
•or  stony  the  ditch  line  may  be,  if  sticks  of  60  per  cent 
straight   nitroglycerine    dynamite   can   be   located  within 
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18  in.  of  each  other  in  wet  ground  a  serviceable  open  ditch 
can  be  made  by  the  detonation  of  only  one  cartridge. 


SOME     NOTES     ON     USE     OF     MUD-LADENED 
WATER  IN  DRILLING  WELLS.* 

Water  can  easily  be  ladened  with  any  clayey  material 
that  will  remain  in  suspension  for  a  considerable  period 
of  time.  Such  mixture  may  weigh  33  per  cent  more  than 
the  same  volume  of  cleaj-  water,  or  give  a  head  of  57  lb. 
per  100  ft.,  or  a  margin  of  safety  of  14  lb.  on  each  100  ft. 
of  depth. 

Requirements. — It  is  fundamental  when  drilling  by  the 
hydraulic  rotary  method  that  a  circulation  of  mud-ladened 
w'ater,  such  as  described,  be  maintained  from  the  surface 
down  through  a  vertical  rotary  drill  pipe  and  bit,  and  up 
between  the  drill  pipe  and  the  wall  of  the  well  back  to 


Pig.   1— Rotary   Drilling   Outfit  for  the  Use  of   Mud   Ladened   Water. 


the  surface.  Moreover,  at  all  times,  the  mud  pressure  at 
any  point  in  the  well  must  exceed  the  pressure  in  the 
strata  penetrated  at  that  point,  thus  excluding  all  gas, 
oil,  and  water  as  they  are  encountered.  The  proper  use 
of  mud-ladened  water  gives  a  means  of  drilling  wells  and 
keeping  them  in  a  state  of  equilibrium  until  screens  can 
be  set  in  productive  horizons  and  casing  set  and  cemented 
in.  Thus  complete  control  is  given  in  bringing  them  to 
producing.  As  a  practical  matter,  in  a  drill  hole  1,500 
ft.  deep  a  good  mud  will  not  settle  in  a  week  sufficiently 
to  prevent  a  drill  pipe  from  being  run  freely  to  bottom, 
and  the  mud  pump  from  starting  circulation,  so  rotating 
and  drilling  may  be  resumed.  Also,  such  mud  will  not 
stick  or  freeze  in  a  drill  pipe  if  left  in  24  hr. 

Mud  Tests. — Mud  can  be  best  tested  by  weighing.  I 
used  a  common  market  beam  scale  (without  pan)  having 
a  capacity  to  weigh  50  lb.  by  ounces,  and  a  common  gal- 
vanized iron  bucket  in  which  to  weigh  the  mud.  Four 
equally  spaced  14-in.  holes  were  punched  under  the  top 
rim  to  furnish  level  marks  to  fill  to. 

The  bucket  is  first  hooked  on  under  the  beam,  the  poise 
brought  to  zero,  and  the  whole  balanced  by  counter- 
weighting.  The  bucket  is  then  filled  to  the  level  holes 
with  clear  water  and  its  weight  taken  and  noted.  It  may 
be,  for  instance,  18  lb.  The  poise  is  again  placed  at  zero 
and  more  counter-weight  added  to  balance  the  clear  water. 
This  water  is  then  thrown  out  and  the  bucket  filled  with 
mud,  and  the  poise,  when  balanced  on  the  beam,  will  indi- 
cate the  additional  weight  of  the  clayey  material  in  sus- 
pension over  that  of  the  same  volume  of  clear  water. 
The  bucket  may  be  filled  with  mud  as  many  times  as 
desired  and  weighed  without  further  adjustment.     If  the 


•Extracts  from  a  paper  by  I.  N.  Knapp,  Ardmore.  Pa.,  in  Transac- 
tions. American  Institute  of  Mining  Engrineers. 
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additional  weight  found  at  any  time  should  be  6  lb.  it 
would  indicate  the  mixture  weighed  about  33  per  cent 
more  than  the  same  volume  of  clear  water.  If  a  good 
working  mixture  is  found  to  be  5  lb.  of  additional  weight 
per  bucket  of  mud,  and  in  drilling  it  increases  to  show  6 
lb.,  clear  water  may  be  slowly  added  until  the  weight 
drops  to  5  lb.  or  a  little  less.  This  weighing  is  simple 
and  practical  and  is  no  fad.  It  is  just  as  necessary  for 
the  driller  to  have  a  scale  and  know  the  weight  of  the  mud 
he  is  using  as  to  have  a  gauge  to  show  the  mud  pump 
pressure.  A  well  can  be  drilled  without  a  pump  gauge, 
or  scales  to  weigh  the  mud,  but  it  can  be  drilled  safer  and 
in  better  time  if  both  measurements  are  intelligently  used. 

Preparations  for  Drilling. — The  drilling  apparatus.  Fig. 
1,  being  all  ready,  a  mud  pump  is  started  and  the  thin 
water  pumped  out  of  the  pump  pit.  The  latter  is  then 
filled  with  mud  to  above  the  ground  or  tidewater  level,  sq 
there  can  be  no  chance  of  the  inflow  of  clear  water  thin- 
ning the  mud.  A  circulation  is  then  established,  by 
operating  a  mud  pump,  from  the  mud  pit  through  the  drill 
pipe  and  bit,  back  to  the  pit,  and  continued  until  the  whole 
content  of  the  pit  is  properly  tempered. 

Drilling.— The  rotary  is  started  and  the  drill  begins  at 
the  surface  to  make  hole.  To  a  depth  of  15  ft.  I  used  an 
18-in.  fishtail  bit  with  6-in.  shank  and  6  by  10-in  drill  col- 
lar (12  in.  O.  D.)  on  one  joint  of  10-in.  pipe,  followed  by 
a  string  of  6-in.  drill  pipe.  A  16-ft.  length  of  galvanized, 
corrugated,  culvert  pipe  was  used  for  the  conductor  pipe 
and  driven  into  place.  The  top  was  belled  out  and  spiked 
to  the  3-in.  surface  planking. 

The  18-in.  fishtail  bit  being  replaced  by  a  15-in.  bit,  the 
drilling  is  continued  through  the  conductor  pipe  and  the 
mud  kept  close  to  some  standard  weight.  The  large  drill 
collar  (12  in.  0.  D.)  on  a  10-in.  joint  of  pipe  in  a  15-in. 
hole  retards  to  some  extent  the  rate  of  drilling  in  uncon- 
solidated material.  On  the  other  hand,  its  use  compels 
the  drilling  of  a  round  straight  hole  that  requires  no 
reaming  before  setting  a  string  of  casing;  also,  its  use 
seems  more  effectively  to  plaster  the  drill  cuttings  and 
mud  into  the  walls  of  the  well  in  puddling  off  the  porous 
strata  as  encountered,  and  so  preventing  loss  of  mud.  In 
pulling  out,  there  is  no  dragging  or  turning  of  the  drill 
pipe,  and  in  running  in,  the  bit  goes  plumb  to  bottom. 

As  a  matter  of  experience,  it  had  been  found  that  a  well 
drilling  in  soft  sandy  material  with  a  15-in.  fishtail  bit, 
followed  by  a  6-in.  (about  Y^^-in.  0.  D.)  drill  collar  and 
6-in.  pipe,  was  easily  deflected  by  concretions  or  pieces  of 
wood,  resulting  in  crooks  or  humps  in  the  hole.  In  ex- 
treme instances,  after  pulling  out  and  starting  in  with  a 
sharp  bit  such  crooks  or  humps  would  form  enough  ob- 
structions so  that  the  bit  would  not  spud  past  them,  and 
upon  rotating  a  new  hole  would  form,  side-tracking  a  con- 
siderable depth  already  drilled,  which  was  consequently 
lost.  Furthermore,  it  was  often  necessary  in  running 
back  into  crooked  holes  to  start  pumping  and  rotating 
before  getting  to  bottom,  because  materials  which  were 
scraped  oflf  the  walls  of  the  well  and  carried  down  made  a 
bridge  or  stoppage.  In  any  case  a  crooked,  humped,  or 
deflected  hole  requires  the  use  of  a  rotary  shoe  or  reamer 
to  size  the  hole  down  before  a  string  of  casing  can  be  run 
in  and  set. 

Just  before  pulling  out  the  drill  pipe,  the  mud  in  the 
pump  pit  and  the  surface  circulation  should  be  stirred  up, 
so  as  to  weight  the  descending  mud  in  order  that  the  drill 
string  will  uncouple  dry.  In  pulling  out,  mud  must  be 
frequently  pumped  into  the  well  so  that  the  "head"  of 
mud,  or  pressure  from  within  the  well,  will  meet  the  fun- 
damental requirement  before  stated.  After  running  a 
drill  pipe  to  bottom  or  to  a  bridge  in  the  hole,  no  attempt 
to  start  a  circulation  for  drilling  should  be  made  until  the 
surface  mud  is  first  circulated  and  brought  to  a  proper 
temper. 

In  case  of  a  heavv  rain  it  is  best  to  stop  drilling  and 
pumping,  and  pull  up  off  bottom  before  the  circulation 
thins  out.  With  a  good  mud  there  is  no  danger  of  "freez- 
ing in"  even  if  the  drill  pipe  is  left  in  over  night.  A  cir- 
culation should  be  maintained  only  when  rotating.     Pump 
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pits  and  mud  circulation  must  always  be  protected  against 
surface  drainage  and  rise  of  tide. 

Action  of  Water  and  Mud. — Clear  or  turbid  water  flow- 
ing on  the  surface  will  erode  unconsolidated  materials, 
the  rate  depending  upon  the  velocity  or  grade  and  upon 
the  volume.  It  has  also  a  solvent  or  slacking  action  on 
earthy  matter.  If  such  flow  was,  for  instance,  through  a 
shallow  ditch  it  might  perhaps  cause  the  banks  to  cave 
sufficient  to  make  a  meander  outside  of  the  dug  channel. 
If,  however  clayey  matter  is  added  to  the  flawing  water 
the  erosive  action  weakens  until  a  point  is  reached  where 
erosion  practically  ceases  and  the  suspended  matter  will 
begin  to  build  up  and  protect  the  loose  material.  The 
solvent  action  also  will  be  very  much  weakened  and  in 
such  a  case  a  shallow  ditch  in  loose  material  will  tend  to 
keep  its  shape  as  dug.  Clear  water  will  continue  to  sink 
in  sand  or  porous  material  in  quantity  for  an  indefinite 
time.  Turbid  water  will  gradually  render  sand  or  porous 
material  impervious,  but  the  suspended  matter  will  be 
carried  in  and  deposited  in  the  sand  to  a  considerable 
depth.  A  good  mud  (or  mud-ladened  water)  will  render 
sand  or  porous  materials  impervious  almost  instantly  and 
the  penetration  of  the  mud  is  small. 

Open  Hole. — With  a  good  mud  and  skillful  working 
there  was  no  difficulty  in  drilling  700  ft.  of  15-in.  open 
hole  before  setting  the  first  string  of  casing  (11%  in.). 
The  drill  passed  through  several  layers  of  fine  water  sand, 
having  a  total  thickness  of  perhaps  200  ft.;  through  100 
ft.  of  sandy  materials  and  shells,  and  400  ft.  of  clays  and 
sticky  mud.  Starting  with  the  storage  pit  full  of  thick 
mud,  it  was  not  found  necessary  to  mix  any  additional 
mud  to  reach  a  depth  of  700  ft.,  under  the  conditions 
named.  As  a  matter  of  experience,  I  drilled  1,880  ft.  in 
depth  of  8' --in.  hole  with  the  rotary,  using  mud,  going 
through  three  well-known  water-bearing  loose  sands  with 
strata  of  clays,  shales,  shell  beds  and  some  sheets  of  rock, 
and  then  set  a  string  of  6"'s-in.  casing,  60  ft.  of  14-in. 
0.  D.  drive  pipe  being  all  the  other  pipe  in  the  hole. 
There  was  no  caving  and  but  little  loss  of  mud.  The 
work  was  done  in  day  time  only  and  the  drill  pipe  was 
many  times  left  in  over  night  with  no  sign  of  sticking  or 
freezing. 

First  String  of  Casing. — This  should  set  so  that  the  top 
coupling  will  come  just  above  the  3-in.  surface  plank,  and 
so  that  a  drilling  nipple  can  be  screwed  into  it.  This  nip- 
ple should  have  a  6-in.  hole  cut  in  its  side,  so  as  to  bring 
the  overflow  from  the  well  as  high  up  as  possible  under 
the  derrick  floor.  A  wood  block  is  fitted  to  match  over  the 
side  hole  and  a  6-in.  pipe  flange  bolted  to  the  latter  and 
the  whole  clamped  to  the  nipple.  A  6-in.  pipe  is  con- 
nected (with  nipples  and  two  elbows  to  make  a  swing)  to 
the  flange  to  carry  the  mud  circulation  of  the  derrick  to  an 
overflow  just  back  of  the  place  where  the  driller  stands  at 
the  hoisting-drum  brake.  The  advantages  in  bringing  the 
overflow  up  to  this  point  are  that  it  can  easily  be  seen  by 
the  driller  and  that  there  is  a  better  chance  for  getting 
samples  of  cuttings  than  from  a  ditch.  Flash  boards 
may  be  placed  across  the  trough  to  act  as  riffles  to  catch 
the  sand.  A  convenient  size  for  the  trough  is  8  by  20  in. 
inside  and  48  ft.  long.  This  is  blocked  up  as  high  as  pos- 
sible and  still  permit  it  to  carry  the  mud  from  the  pipe 
overflow  into  the  end  of  a  sand  settling  pit  about  45  ft. 
from  the  derrick.  This  pit  is  made  by  banking  sod  30  in. 
high  around  a  plot  about  10  by  30  ft.  From  its  opposite 
end  an  8  by  10  in.  trough  (made  of  2  by  10  by  16  plank) 
carries  the  mud  back  to  the  pump  pit. 


ECONOMIC     ADVANTAGE     OF     SUBSTITUTING 

LARGE   SINGLE   FOR  SMALL  DUAL  MOTOR 

TRUCK  TIRES. 

The  following  economic  advantages  of  substituting 
large  singles  for  3,  3'i.  and  4-in.  dual  rear  tires  were  enu- 
merated in  an  address  before  the  Society  of  Automobile 
Engineers  by  W.  H.  Allen,  Manager  Truck  Tire  Produc- 
tion, B.  F.  Goodrich  Co.,  Akron,  0.: 

(1)  Saving  in  tire  cost  ranging  between  8  and  15  per 
cent. 


55 


(2)  Saving  in  wheel  cost.  The  reduced  wheel  cost  is 
attributable  to  the  narrower  felloe  stock  and  wheel  rim 
required,  together  with  whatever  saving  may  be  made  in 
connection  with  wheel  design. 

(3)  Saving  in  cost  of  handling  and  applying  one  tire 
instead  of  two. 

(4)  Saving  in  wheel,  tire  and  rim  weight  resulting  in 
possible  greater  operating  economy  and  relieving  un- 
sprung weight. 

15)  Larger  tire  that  will  adapt  itself  better  to  uneven 
road  surfaces,  compensate  for  e.xcessive  road  crown,  car- 
rying its  burden  as  a  unit  rather  than  alternately  on  one 
narrow  tread  and  then  on  the  other. 

(6)  Greater  ease  of  fitting  non-skid  chains. 

(7)  Better  tracking  with  front  wheels. 

(8)  Usually  greater  height  of  rubber  tread,  thus  pro- 
viding greater  Cushioning  properties  with  consequently 
increased  tire  and  vehicle  life. 

(9)  Decreased  strain  on  axle  and  wheel  bearings  as 
result  of  decreased  leverage  obtained  by  the  narrower 
wheel  tread. 


FRICTION   TESTS   OF   ROLLER   BEARINGS   AND 
PLAIN   BEARINGS   FOR  MINE   CARS.- 

This  particular  test  was  made  at  the  Greensburg  Coal 
Co.'s  mine  at  Greensburg,  Pa.,  in  co-operation  with  the 
H.  C.  Frick  Coke  Co.,  which  was  represented  by  its  chief 
mechanical  engineer,  C.  E.  Huttelmaier.  The  test  was 
run  on  the  main  haulage  road  underground  to  determine 
the  saving  in  tractive  effort  of  mine  cars  equipped  with 
roller  bearings  as  compared  with  mine  cars  equipped 
with  plain  bearings  under  identical  conditions  of  opera- 
tion. The  drawing  shows  the  two  forms  of  bearings;  all 
other  conditions  were  made  as  nearly  equal  as  possible. 

A 

Types  of  Wheels  Tested 
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The  following  average  values  were  found: 
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i4  4,410  5.75 

.T  4.350  6.56 

6  4,280  5.56 

1  5,250  5.70 

2  5,070  5.78 

3  5.190  5.30 

Average  of  tests  4,  5  and  6 4,347  5.98 

.\veraj,'e    of   tests    1,    2   and    3 5,170  5.59 

To  correct  these  figures  for  grade,  20  lb.  per  ton  per 
1  per  cent  must  be  subtracted  from  the  above  drawbar 
pull.  For  the  train  weight  of  71.5  tons  and  the  average 
grade  of  2.4  per  cent  the  correction  amounts  to  3,432  lb. 
for  each  train. 

The  corrected  tractive  effort  for  the  roller-bearing  cars 
therefore  amounts  to: 

4,347  —  3,432  =  915    lb.   at   5.98   miles    per   hour 
and  for  the  plain-bearing  cars: 

5,170  —  3,432  =  1,738  lb.  at  -5.59  miles  per  hour 

Expressed  in  pounds  per  ton  this  means  for  the  roller- 
bearing  cars  12.8  lb.  per  ton  and  for  the  plain-bearing  cars 
24.3  lb.  per  ton. 

Disregarding  the  slight  difference  in  speed,  the  saving 
in  drawbar  pull  in  favor  of  roller-bearing  cars  there- 
fore amounts  to  47.25  per  cent. 

•Extract  from  a  paper  by  P.  B.  Llebermann  in  Transactions  .Ameri- 
can Institute  of  Mining  Engineers. 
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INEXPENSIVE  EXCAVATION  BY  CLEVELAND 
RAILWAY  CO. 

(Contributed.) 

In  these  days  of  increasing  prices  and  scarcity  of  cap- 
ital every  operating  company  is  on  the  lookout  for  ways 
and  means  in  which  to  effect  the  most  economical  and 
labor-saving  operations.  The  tests  made  on  some  exca- 
vation work  done  by  the  Cleveland  Railways  Co.  this  sum- 
mer indicate  that  this  company  is  reaping  the  benefit  of 
such  economies.  In  building  its  79th  St.  line,  the  rail- 
way company  had  to  do  a  considerable  amount  of  excava- 
tion for  which  it  employed  the  electrically  driven  Thew 
automatic  shovel  illustrated  herewith. 

This  shovel  is  of  the  horizontal  crowding  motion  type 
and  has  several  other  features  of  interest.  It  weighs  1.3 
tons,  has  a  dipper  with  a  capacity  of  %  cu.  yd.  and  a 
clearance  height  over  the  house  of  12  ft.  2  in.  It  is 
mounted  on  regular  car  wheels  on  which  it  travels  on  the 
car  tracks  and  in  addition  is  equipped  with  a  set  of  aux- 
iliary traction  wheels,  33  in.  in  diameter,  and  15-in.  tread, 
which  permits  it  to  run  under  its  own  power  over  the 
ground,  pavement,  or  wherever  it  is  desired  to  take  it. 

The  horizontal  dipper  crowding  motion  utilized  is  said 
to  be  particularly  adapted  to  the  application  of  electric 
drive  because  of  the  ease  of  control  and  povver  demands. 
In  e.xcavating  material  with  a  shovel  it  is  necessary  first 
to  crowd  the  dipper  forward  into  the  material,  then  to 
hoist  it  upward  through  the  material.     In  this  case,  the 
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first  motion  is  made  horizontally,  being  obtained  as  fol- 
lows: 

The  dipper  is  suspended  by  an  adjustable  arm,  hinged 
to  a  carriage  or  trolley  moving  horizontally  along  a  suit- 
able trackway.  This  enables  the  shifting  of  the  point 
of  rotation  for  dipper,  so  that  the  hoisting  force  is  at  all 
times  exerted  in  the  most  effective  manner,  while  the 
crowding  force  is  applied  horizontally.  The  combina- 
tion of  the  horizontal  trackway  and  the  boom  channels 
results  in  a  structure  braced  and  reinforced  to  withstand 
the  severe  strains  which  the  boom  is  called  upon  to  en- 
dure. The  trolley  motion  is  controlled  by  a  lever.  This 
lever  is  further  connected  to  a  trip  rod  which  is  operated 
automatically  when  the  trolley  reaches  the  limit  of  its 
motion  in  either  direction.  The  crowding  motion  enables 
this  type  of  shovel  to  be  advantageously  employed  for 
very  shallow  excavating  operations. 

The  entire  motive  power  for  traction,  hoisting  and 
swinging  consists  of  one  20-h.p.  Westinghouse  compound- 
wound  550-volt  direct-current  motor  with  a  starting  and 
reversing  control  equipment.  The  motor  operates  at  ap- 
pro.ximately  constant  speed,  the  various  motions  being 
controlled  through  suitable  friction  and  gears.  The  cur- 
rent is  usually  admitted  to  the  shovel  through  a  flexible 
insulated  cable  connected  to  a  switch  on  the  truck  frame 
and  transmitted  through  copper  rings  to  brushes  sus- 
pended from  the  swinging  turntable. 
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The  use  of  one  motor  appears  to  be  a  particularly  de- 
sirable feature  for  reducing  the  initial  cost  and  affording 
greater  flexibility  of  action  in  the  frequent  reversals  of 
the  various  operating  motions;  it  also  means  the  opera- 
tion of  three  levers  instead  of  three  separate  controllers, 
and  a  gain  in  time  over  starting  and  stopping  three  sep- 
arate motors.     It  is  distinctly  a  one-man  machine. 

The  boom  is  of  the  jackknife  type  with  an  adjustable 
section  that  can  easily  be  located,  allowing  the  shovel 
to  pass  under  the  trolley  wire,  without  interfering  in  any 
way  with  the  efliiciency  of  its  operation.  The  shovel 
swings  through  a  complete  circle,  delivering  the  exca- 
vated material  at  any  desired  point. 

A  buffer  is  furnished  which  takes  up  the  shock  that 
occurs  when  the  shovel  strikes  a  hard  piece  of  excava- 
tion. This  allows  the  shovel  to  be  released  and  relieves 
the  whole  machine  from  the  strain  to  which  it  would 
otherwise  be  subjected. 

The  cab  is  cut  away  so  as  to  allow  plenty  of  room  for 
passing  cars,  a  feature  of  particular  importance  when 
used  on  street  railway  work. 

The  illustration  shown  herewith  affords  an  excellent 
idea  of  the  class  of  work  being  done  by  the  Cleveland 
Railways  Co.  and  the  manner  in  which  the  shovel  is  op- 
erated, while  the  following  data  obtained  through  the 
courtesy  of  Mr.  J.  J.  Stanley,  President,  and  C.  H.  Clark, 
Engineer  Maintenance  of  Way,  show  the  cost  of  the  en- 
tire operation. 

LOADING. 

Shovel  man   @   40  ct $  4,00 

Four  laborers   @   21   ct 8.40 

Current,  oil,  repairs,  etc 1^50 

Loading  cost  per  day $13.90 

HAULING. 

Four  men   @  26  ct $10.40 

Four  men   @  19  ct 7  60 

Two  men  @  30  ct 6.00 

Hauling  cost  per  day $24.00 

DUMPING. 

One  foreman  iff-   30  ct $  3. 00 

Six  laborers    @    20   ct 12.00 

Dumping  cost  per  day $15.00 

LOADING,   HAULING   AND   DUMPING. 

Cubic  yards  loaded  in  10  hr.  May  S 540 

Cost  of  loading  per  cubic  yard 2.6  ct. 

Cost  of  haulinp  per  cubic  yard 4.4  ct. 

Cost  of  dumping  per  cubic  yard 2.8  ct. 

Cost  of  loading,  hauling  and  dumping 9.S  ct. 

Lineal  feet  excavated  on  this  work 2,700 

Number  of  10-hr.   shifts  operated 12 

Lineal  feet  excavated  per  10-hr.   shift 225 

Cubic  yards  loaded  (place  measure,  per  10-hr.  shift) 450 

Average  leading  cost,  450  yd.  @  $13,90 3      ct.  per  cu.  yd. 

Average  hauling  cost.  450  yd.   @  $24.00 5^4  ct.  per  cu.  vd. 

.Vverage  dumping  cost,  450  yd.   @  $25.00 3VS  ct.  per  cu.  yd. 

.Vverage  loading,  hauling  and  dumping  cost II-3  ct. 

Length  of  haul,  approximately Smiles 

.\verage  HP.  used  in  moving  shovel 15.0 

Maximum  HP.   used  in  moving  shovel 20.2 

Average  HP.  used  in  operating  shovel ii"7 

Maximum  HP.   used  in  operating  shovel 43.6 

The  shovel  is  built  by  the  Thew  Automatic  Shovel  Co. 
of  Lorain,  0.,  and  the  electrical  equipment  by  the  West- 
inghouse Electric  &  Manufacturing  Co.  of  East  Pitts- 
burgh, Pa. 


METHOD  OF  KEEPING  COSTS  ON  THE  PIUTE  IRRI- 
GATION PROJECT  EARTH  DAM. 

Contributed    by  Jos.   Jenson,    Salt  Lake  City,   Utah. 

Much  has  already  been  said  and  written  on  cost  keeping 
in  connection  with  construction  work.  In  part,  this  has 
been  good  and  timely;,  in  part  it  has  been  "red  taped"  to 
a  bewildering  tangle,  and  in  part  has  been  devised  with 
particular  reference  to  the  convenience  of  an  office  force 
and  has  been  illy  adapted  to  field  requirements  and  con- 
ditions. Nearly  all  has  assumed  the  services  of  a  cost 
data  expert.  The  only  excuse  for  offering  at  this  time  an 
additional  chapter  on  this  subject,  is  that  it  is  believed 
that  the  system  herein  outlined  contains  certain  elements 
of  simplicity,  that  it  is  direct  and  accurate,  and  can  be 
handled  with  entire  success  by  any  foreman  of  average  in- 
telligence, and  that  it  has  stood  the  test  of  actual  practice. 
The  particular  piece  of  construction  which  the  writer  has 
selected  with  which  to  illustrate  the  application  of  this 
system  of  cost  keeping  is  the  storage  dam  of  the  Piute  Ir- 
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LABOR  SEGREGATION  ON  PIUTE  STORAGE  DAM  FOR  MONTH  OF  OCTOBER.  I9I3 


Trap  Teams 

Plow  Teams 

Dump  Wagons 

Plow  Shakers 

Dumpers 

Wheel  and  Tongue  Scrapers  direct  onto  dam. 

Scraper  Loaders 

Teams  DiRging  Trap  Pits 

Laborers  Building  Traps 


"\l 


DRY  FILL 


12 
2 

21 
2 
2 
5 
2 


12 


12 
2 

20 
2 
2 
3 
2 


12 
2 

20 
2 
2 
5 
2 


12 
2 

20 
2 
2 
5 
2 


12 
/ 

20 
2 
2 
5 
2 


29 


12 

2 

21 

2 

2 
7 
0 
0 
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HYDRAULIC  FILL 


Teams  Moving  and 
Mechanics  *' 
Laborers     "        " 
Sluicing  Laborers. .  . 


Sluice  Plant. 


2 

41 

3 


2 

4} 

1 


IJ 
4J 
li 


H 

4 

1 


I  0 
0 
0 
3 
2 


0 
0 
0 
2 
2 


12 
2 

21 
2 
2 
5 
1 
0 
0 


J 

0 
0 

IJ 
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ROCK  EXCAVATION  FOR  SPILLWAY 


Miners 

Mucking  Teams.  .  . 
Laborers. 


li 


12 
2 
19 

2 
2 
4 
2 
0 
0 


Total 
Days 


324 
54 

544 
54 
54 
99 
30 
16 
5 


20 
46 
13J 
45J 
45  J 


15 
121 
38 
35 


I  Rate 

Per  11       . 
I  Day  II       > 


Amount 


70 

SI. 522 

80 

70 

253 

80 

70 

2.526 

80 

70 

145 

80 

70 

145 

80 

70 

465 

30 

50 

75 

00 

70 

75 

20 

00 

15 

00 

*5.225.50 


54.70 

I   $      94     00 

3.00 

138     00 

2.70 

35     45 

3.00 

136    50 

2.50 

113     75 

S       518.70 

$3.50  11    $      52 

50 

4.50  11         544 

50 

2.50  i:            95 

00 

3.00  11          105 

00 

S       797.00 


Fig.    1. 


rigation  project  built  by  the  State  of  Utah  on  the  Sevier 
River  in  the  south  central  part  of  the  state. 

The  dam  consists  essentially  of  an  earth  enbankment 
95  ft.  high,  containing  practically  500,000  cu.  yd.  of  earth, 
and  auxiliary  structures  such  as  drainage  tunnel,  head 
gates,  spillway,  etc.  The  larger  portion  of  the  earth  was 
put  in  by  the  hydraulic  method,  and  is  referred  to  in  the 
sheets  herewith  as  the  "Hydraulic  Fill."  A  considerable 
portion  was  hauled  in  by  team  and  is  referred  to  as  "Dry 
Fill."  All  the  work  incident  to  the  construction,  except 
the  outlet  tunnel  which  was  done  by  contract,  was  done 
by  force  account. 

The  organization  of  the  working  force  was  the  simplest 
possible.  The  writer,  as  Engineer  in  Charge,  had  entire 
general  charge  of  all  operations  and  exercised  general 
supervisory  power.  Our  general  foreman  or  labor  super- 
intendent had  charge  of  all  the  men.  Under  his  direction 
one  or  more  reliable  or  trustworthy  laborers  was  appoint- 
ed as  "gang  leader"  for  each  group  into  which  the  work 
naturally  divided  the  force.  The  "gang  leader's"  function 
was  that  of  a  pace-setter  rather  than  that  of  a  directing 
foreman.  No  clerks  nor  special  time-keepers  were  em- 
ployed on  the  work.  There  was  but  one  man,  namely,  the 
general  foreman  or  labor  superintendent,  whose  duties 
did  not  require  him  to  do  his  regular  day's  labor.  This 
simple  organization  proved  to  be  quite  adequate  to  the 
handling  of  a  force  of  men  numbering  from  eighty  to  one 
hundred.  It  should,  probably,  be  stated  at  this  point  that 
white  labor  only  was  used  on  the  job. 

The  general  foreman  is  the  official  time-keeper,  and  is 
required  each  day  to  make  up  the  labor  segregation.  This 
labor  segregation  is  made  on  a  regular  time  book  sheet,  in 
fact  is  made   up  on   pages  of  the  regular  time   book  in 


which  the  individual  time  is  kept.  This  labor  segregation 
is  compared  at  the  end  of  each  shift  with  the  individual 
time  sheet,  e.  g.,  the  total  number  of  team-days,  for  the 
day  shown  by  the  individual  time  sheets  must  equal  the 
total  number  of  team-days  shown  on  the  labor  segregation 
sheets,  etc.  It  is  the  firm  conviction  of  the  writer  that 
this  function  should  be  a  part  of  the  duty  of  the  general 
foreman,  who  is  most  intimately  acquainted  with  the  day's 
proceedings,  rather  than  to  leave  the  matter  to  a  special 
time-keeper,  who  is  usually  a  clerical  assistant,  and  is  not 
completely  cognizant  of  the  details  of  the  day's  work.  If 
the  duties  of  time-keeper  and  that  of  making  up  the  labor 
segregation  sheet  are  too  arduous,  in  connection  with  the 
general  foreman,  it  is  better  to  allow  him  relief  in  other 
matters  rather  than  to  turn  over  to  a  subordinate  the 
duties  of  time-keeper.  A  page  of  the  regular  labor  segre- 
gation sheets  is  shown  by  Fig.  1.  The  accuracy  with 
which  this  sheet  is  kept  constitutes  the  vital  element  in 
the  whole  system,  and  is,  therefore,  put  in  the  hands  of 
the  person  most  intimately  acquainted  with  the  day's  work, 
namely,  the  general  foreman. 

At  the  end  of  each  month  the  time  book  for  the  month, 
including  the  labor  segregation  sheets,  is  turned  over  to 
the  general  superintendent,  and  the  matter  of  computing 
the  labor  costs  for  the  month  is  merely  a  matter  of  ex- 
tensions and  additions.  It  is  obvious  that  the  total  labor 
cost  should  equal  the  total  payroll,  as  shown  by  the  regu- 
lar time  sheets,  and  this  will  serve  as  a  check  on  the  cor- 
rectness of  the  former. 

The  keeping  of  materials  and  equipment  costs  is  han- 
dled quite  as  simply:  All  materials  or  equipment  used, 
whether  by  direct  purchase  or  transfer  from  other  parts 
of  the  projects,  are  ordered  on  blanks  for  this  purpose. 


COST  DATA  ON  PIUTE  RESERVOIR  DAM  FOR  THE  MONTH  OF  OCTOBER.  1913 

I 

2                       3 

4 

5 

6                          7           18 

9                     10 

11 

MONTH 

Hydraulic  Fill 

Dry  Fill 

Rock 

Excavation 

for 

Spillway 

Riprap 

Camp 
Mainte- 
nance 

Labor 
Superin- 
tendence 

Total 
Pay-roll 

Engineer- 
ing and 
General 
Supervision 

Moving 

Plant  to 

West  Side 

Sluicing 
Operations 

Upper 
Slope 

Lower 
Slope 

October.  1913. 

$231.45 
227.37 

28.50 

$373.25 
30.20 

28.50 

$5,303.68 
133.78 

318.85 

$    946.40 
365.35 

19.00 

$9'.00 

$262.70            $23.25 
81.00                 4.20 

$124.00 

$7,361.73 

$324.40 

Materials  and  Equipment 

Distributive  Costs.  Including  columns  8.  9 
and  11 

Total  Costs 

$487.32             $431.95 
8.0CO 

$5,756.31 
14000 

$1,330.75 
1.550 

$97  00             $343  70 

Total  Cubic  Yards 

170S.Yds.     1900  S. Yds. 

Unit  Costs 

6.1c                   5.4c 

41.2c 

85.8c 

57.1c                 18.0c 

11.5c 

Note — Sluicing  operations  were  discontinued  Sept.  20th  to  Oct.  9th  on  account  of  moving  from  East  to  West  side  of  Damsite. 

Fig.  2. 
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These  are  made  out  in  quadruplicate — one  copy  sent 
to  the  party  furnishing  the  goods,  one  sent  to  or  retained 
by  the  paying  office,  and  two  sent  to  or  retained  by  the  su- 
perintendent of  construction.  On  the  reverse  side  of  the 
order  blank  is  printed  a  consignment  receipt.  Upon  re- 
ceipt of  the  goods  ordered  the  receiver  fills  out  the  two 
copies  in  the  possession  of  the  superintendent  of  construc- 
tion, as  shown,  one  copy  sent  to  the  paying  office  as  its 
warranty  for  paying  the  bill,  the  other  copy  filed  with 
the  superintendent  to  be  used  for  making  up  his  cost  data 
summary.  The  material  is  charged  to  the  particular  part 
or  parts  of  the  structure  at  the  time  of  receipt.  As  the 
material  is  checked  out  for  use,  if  there  should  be  any 
transfer  to  any  other  parts  or  subdivisions  of  the  work, 
the  original  charge  is  not  charged,  but  the  transfer  is  re- 
corded in  a  memorandum  book  kept  for  that  purpose,  and 
the  charges  equalized  on  the  next  succeeding  receipt  of 
goods,  so  that,  while  each  consignment  receipt  may  not  be 
strictly  accurate,  the  aggregate  at  the  end  of  a  six  or 
twelve  months'  period  will  be  practically  correct. 

At  the  end  of  each  month  the  costs  kept  in  the  manner 
above  explained  are  summarized,  as  shown  in  the  specimen 
report,  Fig.  2.  This  form  is  made  up  for  each  individual 
report  in  order  to  avoid  a  more  com.plex  and  cumbersome 
blank  which  would  serve  for  the  entire  construction  pe- 
riod. With  these  monthly  summary  blanks  it  is  a  very 
simple  matter  to  make  at  any  time  a  complete,  up  to  date 
summary,  or  a  final  statement  of  segregated  costs  at  the 
end  of  the  construction  period.  The  head  form,  specimen 
lines,  and  totals  of  the  final  cost  data  sheet  on  the  struc- 
ture used  for  illustration  of  this  writing,  is  shown  by 
Fig.  3. 


DIAGRAM  FOR  COMPUTING  EARTHWORK. 

Contributed  by  M.    P.    Taylor.   Des  Plaines,   lllinois- 

The  accompanying  diagram  gives  a  convenient  method 
of  computing  earthwork,  being  especially  intended  for 
use  in  making  estimates  from  the  center  line  profile.  It 
has  been  used  by  the  writer  in  drainage  work  particularly. 


Diagram    for    Computing     Earthwork. 


in  figuring  quantities  on  open  ditch  and  levee  work,  be- 
ing more  convenient  in  some  respects  than  the  use  of 
tables. 

The  diagram  shown  gives  the  quantities  for  100  ft. 
stationing  for  a  section  of  from  0  to  20-ft.  base,  and  from 
]  to  16-ft.  height  or  depth.  Slopes  were  figured  at  V2 
to  1. 

Distances  along  the  radii  represent  the  dimension  of 
base  of  section,  and  the  irregular  curved  lines  show  the 
depth  of  cut  or  height  of  fill.  Quantities  in  cubic  yards 
are  given  along  outer  circumference  of  diagram.  To  ob- 
tain quantity  for  any  given  base  and  cut  or  fill,  extend 
radius  through  point  of  intersection  of  lines  represent- 
ing these  two  factors,  and  read  yardage  in  cubic  yards 
directlv  from  circumference. 
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HYDRAULIC  EXCAVATION  OF  A  LARGE  CUT  IN 

CLEVELAND.  OHIO.  GRADE  CROSSING 

ELIMINATION. 

Contributed  by  C.   K.  Drayer,  Cleveland,   Ohio. 

Seven  hundred  and  fifty  thousand  cubic  yard.s  of  earth 
excavation  will  be  handled  by  hydraulic  methods  in 
eliminating  grade  crossings  of  the  New  York,  Chicago  & 
St.  Louis  Railroad  Co.  for  a  distance  of  about  2':>  miles 
in  Cleveland,  Ohio.  Among  the  conditions  that  favored 
adopting  this  method  were  economy,  the  nature  of  the 
soil  to  be  handled,  the  location  and  shape  of  the  spoil 
bank,  ease  in  draining  off  water  at  the  spoil  bank,  avail- 
ability of  ample  water  supply  and  avoidance  of  serious 
interference  with  the  traffic  of  the  railroad  as  well  as 
that  of  the  many  streets  crossed. 

A  four  track  road  bed  will  be  built  the  entire  distance. 
The  earth  in  the  road  bed  prism  will  be  removed  in  two 
cuts.  After  the  first  cut  is  made  a  double  track  will  be 
laid  in  it  and  the  tracks  on  the  present  grade  removed. 

Preliminary  test  borings  showed  that  the  material  to 
be  removed  is  sand  with  a  slight  mixture  of  clay.  The 
bottom  of  the  cut  will  be  in  quicksand,  which  is  very  wet 
and  will  require  an  extensive  system  of  drainage  to  secure 
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traversed  by  the  Big  Four  railroad.  A  track  to  carry 
steam  shovel  excavation  into  the  Run  would  have  been  on 
a  3.4  per  cent  grade  and  unable  to  reach  sufficient  area 
required  for  the  waste.  Some  15  or  18  years  ago  a  large 
sewer  was  built  in  the  Run  to  care  for  the  natural  run- 
off and  sewage.  Since  then  the  valley  has  remained  use- 
less and  unsightly  as  well  as  unsanitary  in  that  neglected 
ponds  of  water  became  breeding  places  for  mosquitoes 
and  swimming  holes  for  the  youth  of  a  not  high  grade 
community.  Authority  from  the  property  owners  was 
obtained  by  the  city  to  fill  the  valley,  with  the  result  that 
valuable  industrial  property  adjacent  to  the  Big  Four 
railroad  will  have  been  created. 

Preliminary  work,  begun  in  September,  1915,  con- 
sisted principally  in  getting  adjacent  land  required  for 
right  of  way  cleared  of  houses  and  in  preparing  to  build 
a  few  retaining  walls  at  the  west  end  to  hold  up  the  land 
and  buildings  or  industries  after  the  cut  will  have  been 
made.  The  method  of  building  retaining  walls  in  a 
trench  is  expensive,  but  is  the  only  way  to  avoid  serious 
dangers  to  the  manufacturing  plants. 

The  improvement  contemplates  the  elimination  of  24 
street  crossings,  of  which  two  are  arteries  of  the  city 
crossing  the  tracks  on  curves.     Thirteen   bridges  in  all 
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Plan   and   Profile  of  Cleveland   Grade   Crossing   Elimination   by   Hydraulic    Excavation. 


a  solid  road  bed.  The  character  of  the  material  not  only 
is  favorable  to  hydraulic  grading  but  it  would  render  the 
operation  of  the  steam  shovel  difficult  and  unduly  ex- 
pensive. 

Excavation  will  be  by  Hendy  ball-bearing  hydraulic 
monitors  with  an  inlet  diameter  of  11  in.  and  discharging 
water  under  100  lb.  pressure  through  nozzles  ranging 
from  2'  J  to  4  in.  in  diameter.  The  water  with  its  earth 
content  will  be  collected  by  sumps  from  which  it  will  be 
picked  up  by  dredging  pumps  and  sent  to  the  waste  bank 
in  Walworth  Run  through  a  discharge  line  of  12-in.  spiral 
riveted  pipe.  The  dredging  pumps  will  be  10-in.  single 
suction,  direct  connected  to  514  R.  P.  M.,  three-phase,  60- 
cycle,  2,300-volt  variable  speed  motors.  The  pumps  are 
designed  to  discharge  4,000  gal.  per  minute  against  a  head 
of  125  ft.  It  is  intended  to  distribute  three  pumps  along 
the  discharge  line  as  the  work  advances  and  to  use  them 
as  boosters.  This  way  was  considered  better  than  to  in- 
stall sufficient  power  at  the  end  of  the  line  to  maintain  the 
necessary  velocity  through  the  entire  pipe  which  will  have 
a  maximum  length  of  11,000  ft.  The  pumping  unit  at  the 
face  of  the  cut  will  be  moved  along  on  skids  as  the  work 
advances. 

Water  and  electric  power  will  be  bought  from  the  city. 
The  city  has  about  completed  a  new  pumping  station 
which  will  have  a  capacity  considerably  in  excess  of  its 
present  needs.  A  portion  of  this  excess  capacity  will  be 
devoted  to  supplying  the  water  necessary  for  the  monitors 
through  20-in.  spiral  riveted  pipe  from  the  high  pressure 
main  at  West  41st  St.,  which  is  in  the  easterly  section  of 
the  grade  crossing  elimination  zone.  Power  for  the  motors 
driving  the  pumps  will  be  supplied  by  the  Municipal 
Electric  Light  plant. 

To  find  a  location  for  the  disposition  of  the  excavation 
material  was  a  difficult  problem,  much  simplified  by  the 
adoption  of  the  hydraulic  method  of  grading.  At  the  east 
end  of  the  grade  crossing  elimination  zone  the  Nickel 
Plate  enters  Walworth   Run,  a  narrow,   irregular  valley 


will  be  provided  over  the  tracks,  roughly  one  for  every 
other  street.  In  addition,  there  will  be  short  streets 
parallel  to  the  cut  from  streets  with  vacated  crossings  to 
adjacent  streets  with  bridges.  Five  foot-bridges  also  will 
be  built  at  points  designated  by  the  Director  of  Public 
Service. 

The  work  has  been  undertaken  at  the  request  of  the 
city,  which,  according  to  Ohio  law,  bears  35  per  cent  of 
the  cost.  Bonds  for  the  portion  of  the  cost  to  be  paid  by 
the  city,  were  voted  in  the  sum  of  $725,000  on  Sept.  6, 
1910.  Plans  for  the  project  from  its  inception  have  been 
under  the  direction  of  A.  J.  Himes,  engineer  grade  cross- 
ing elimination,  of  the  N.  Y.  C.  &  St.  L.  R.  R.  Co.,  who 
had  in  charge  the  construction  of  grade  crossing  work  for 
the  railroad  on  the  East  Side  of  the  city. 

The  work  will  be  performed  by  direct  labor.  Previous 
e.xperience  has  shown  that  many  difficulties  arising  from 
the  conflicting  interests  of  contractors  and  railroad  oper- 
ating departments  can  be  thus  avoided,  and  with  no  sacri- 
fice of  economy  in  either  time  or  money. 


SMALL  STEAM  SHOVEL  WORK  IN  ROAD  GRAD- 
ING, CONTRA  COSTA  COUNTY,  CALIFORNIA. 

Contributed   by   J.   E.    Bonersmith.    EVigineer,    Bates.    Borland   &   Ayer, 
Oakland.  Cal. 

The  work  described  was  on  the  California  State  High- 
way between  Tormey  and  Eckley  in  Contra  Costa  County, 
California,  and  was  done  in  1915.  The  road  graded  was 
four  miles  in  length  and  contained  72,000  cu.  yd.  of  exca- 
vation through  a  rather  rough  country.  The  material 
consisted  of  earth,  soft  and  hard  shale. 

The  method  of  work  was  as  follows:  After  the  cul- 
verts were  constructed,  two  fresno  gangs  (each  gang  hav- 
ing a  six-horse  plow  and  from  four  to  six  fresnos)  were 
started  and  made  the  fill  over  the  culverts;  also  moved  the 
dirt  in  all  cuts  where  the  hauls  were  200  ft.  and  less.  A 
Model  31   Marion  Revolving  Shovel  followed  the  fresno 
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gangs  and  loaded  all  the  material  that  had  to  be  hauled 
into  dump  wagons.  The  number  of  wagons  varied  from 
six  to  twelve.  Be4iind  the  steam  shovel,  a  small  fresno 
with  four  muckers  did  all  the  finishing  work. 

The  road  was  graded  to  a  width  of  21  ft.  and  through  the 
thorough  cuts  the  shovel  had  to  turn  through  a  full  180°. 
On  this  work,  the  average  output  of  the  shovel  for  an  8- 
hour  day  was  375  cu.  yd.,  as  there  was  considerable  loss 
of  time  in  spotting  the  wagons;  but  where  the  shovel  was 
only  going  through  90',  it  handled  510  cu.  yd.  The  local 
water  was  the  cause  of  some  delay  and  since  the  water  is 
a  very  serious  question  in  the  cost  of  equipment  on  any 
job,  we  now  make  it  a  rule  to  have  the  water  analyzed  and 
the  proper  boiler  compound  on  hand  before  the  shovel 
starts  to  work. 

Costs  to  job  in  day  rentals:  Horses  rented  to  job  at 
$1.25  per  working  day;  fresnos,  wagons,  etc.,  at  $0.25  per 
working  day;  wagon  and  fresno  drivers  at  $2.50  per  day; 
Marion  steam  shovel,  including  fuel,  runner,  etc.,  $50  per 
day.  These  costs  of  equipment  are  used  on  all  our  work 
as  we  have  found  from  many  years  of  experience  tliat  it 
is  the  only  way  we  can  arrive  at  a  true  cost.  Take 
the  shovel  as  an  example;  its  rental  is  based  on  the  fol- 
lowing charges: 

First  cost,   $S.20U;  life  ot  sliovel,  1,000  worljing  days  in  six  years; 

cost  per  day ; " $  8.25 

6  per  cent  interest  on  J8,200  for  three  years,   $1,476;  interest  per 

day 1.4S 

Repulrs    (wlien    the   shovel   is   broken   down    the   engineers',    fire- 
men,  etc.,   time  is  charged  to  repairs),  per  day 2.00 

Freight,    linocliing  down.   etc.    (this   cost  was  arrived  at   by   cost 

kept  on  another  shovel),  per  day 3.00 

Fuel,  %  ton  of  coal  per  working  day  at  $12  per  ton 9.00 

Water  wagon  with  four  horses  and  driver,  per  day 7.75 

Water  and  oil,  per  day 85 

Engineer,   per  day 6.75 

Firemp..n,  ner  day 3.00 

Two  pit  nien  at  $2.50  per  day 5.00 

Incidentals     2.92 

Total  cost   per  day $50.00 

Following  is  the  total  cost  of  the  above  mentioned 
grading  of  the  State  Highway  between  Tormey  and 
Eckley: 

Horses.  8,753  days  at  $1.25  per  day $10,945.00 

Equipment,   1,842  days  at   25  ct.    per  day 460,50 

Driver  labor,  1.S42  days  at  $2.50  per  day 4,605  00 

Steam  shovel,   104  days  at  $50  per  day 5,200  00 

Foreman,  120  days  at  $5  per  day 600  00 

Timekeeper,   4   jnonths  at  $75   ner  month 300  00 

Muckers  and  slopers,  500  days  at  $2.25  per  dav 1  125  00 

Muckers,  slopers,  etc.,  212  days  at  $2.50  per  day 530.00 

Purchases  (picks,  shovels, -lanterns,  oils,  etc.) 182  60 

Insurance     280.00 

Total   cost    $24,248.10 

Cost  per  cu.   yd $00.3367 


DRAG  LINE  BACKFILLING  MACHINE  WORK  IN 
HEAVY  CLAY. 

Contributed    by  Alvin   C.   Vogt.   Norwood   Park.    111. 

The  illustration  shows  one  of  three  backfilling  ma- 
chines working  on  sewer  work  in  Norwood  Park,  111.  The 
trenches  are  24  in.  to  36  in.  wide  in  stiflf  clay  and  the 
backfilling  is  heavy  work.     The  machine  is  operated  by 


Trench  Backfiller  Working  in   Heavy  Clay. 

two  men,  is  self-propelling,  and  has  a  10-h.p.  gasoline 
engine.  The  operating  cost  has  been  $10  per  day  and  the 
average  cut  has  been  600  ft.  of  10  to  16-ft.  trench  per 
day.  The  backfiller  is  made  by  the  F.  C.  Austin  Drain- 
age Excavator  Co.,  Chicago,  111. 
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LAND  DRAINAGE  PROJECT  IN  FLORIDA. 

The  state  of  Florida  offers  an  excellent  field  for  the 
drainage  contractor.  At  present  more  than  2,000,000 
acres  of  land  are  either  being  drained  or  projects  for  their 
drainage  are  in  contemplation.  This  is  exclusive  of  the 
great  Everglades  reclamation  development,  which  is  prob- 
ably the  largest  single  undertaking  of  the  kind  in  this 
country. 

The  cost  of  drainage  in  Florida  for  main  and  lateral 
varies  ordinarily  from  $3  to  $4  per  acre  as  a  siinimum  to 
a  maximum  of  $7  to  $8  per  acre.  The  operations  in  gen- 
eral may  be  carried  out  by  three  different  methods.  The 
development  may  be  as  an  individual  or  private  enter- 
prise, or  a  district  may  be  organized.  The  district  sys- 
tem, where  large  areas  are  affected,  is  usually  employed. 

There  are  two  laws  in  the  state  providing  for  the  or- 
ganization of  drainage  districts.  Under  the  older  one 
jurisdiction  over  the  district  rests  in  the  hands  of  the 
County  Commissioners  of  the  county  in  which  the  dis- 
trict is  organized.  The  statute  provides  for  the  issuance 
of  bonds  for  carrying  out  the  work,  but  the  paper  of 
districts  so  organized  is  rarely  considered  favorably  by 
bond  houses,  consequently  contractors  are  frequently 
asked  to  accept  the  bonds  or  paper  of  such  district  in  pay- 
ment for  work  done.  As  these  securities  are  not  looked 
upon  with  favor  by  bond  houses  the  question  of  their 
value  to  the  contractor  is  an  open  one. 

Under  the  new  law,  enacted  by  the  legislature  of  1913 
and  developed  along  the  lines  of  the  so-called  Model 
Drainage  Law,  drafted  by  the  National  Drainage  Con- 
gress, the  administration  of  the  district  is  in  the  hands 
of  a  board  of  three  supervisors,  elected  by  vote  of  the 
property  holders  in  the  district,  such  vote  being  cast  on 
the  basis  of  one  vote  to  each  acre  of  land  owned.  The 
district  so  created  is  under  the  jurisdiction  of,  and  its 
supervisors  answerable  at  all  times  to,  the  judge  of  the 
Circuit  Court.  Districts  organized  under  this  law  can 
embrace  lands  in  any  number  of  counties. 

The  law  provides  for  the  issuing  and  sale  of  bonds. 
Certain  features  may  and  probably  will  be  corrected  in 
the  law  providing  for  these  sales  so  that  better  prices 
may  be  obtained  than  under  present  conditions.  Never- 
theless, the  bonds  of  these  districts  are  at  present  market- 
able. All  bond  houses  now  buying  in  this  field,  however, 
demand  a  preliminary  approval  of  the  engineering  fea- 
tures of  the  district  in  question  by  an  engineer  in  whom 
the  bond  house  has  confidence.  Under  the  existing  con- 
ditions contractors  doing  work  in  a  district  organized 
under  the  law  of  1913  can  practically  always  expect  to 
be  paid  in  cash,  the  money  ordinarily  being  in  the  hands 
of  the  Supervisors  before  construction  work  actually  be- 
gins. Payments  usually  will  be  made  monthly,  with  a 
certain  per  cent  held  out  until  final  completion,  accord- 
ing to  prevailing  practice. 

For  a  general  division,  in  drainage  work  in  Florida, 
usually  is  in  one  of  four  classes  of  land:  Muck,  cypress 
swamps,  pine  woods,  or  open  prairie.  Work  in  muck 
usually  can  be  handled  best  by  fioating  dredge  for  main 
ditches  and  by  ditching  machines.  Floating  dredge  equip- 
ment also  can  be  used  to  advantage  on  the  other  types 
of  land,  though  the  greater  mileage  of  ditches  can  usually 
be  handled  best  by  some  type  of  a  moving  dipper  ma- 
chine. Small  drag  line  outfits  probably  could  be  ap- 
plied with  advantage  to  a  considerable  portion  of  such 
work.  As  a  general  thing  the  percentage  of  rock  encoun- 
tered is  comparatively  small,  while  by  far  the  greater 
portion  of  the  ditching  is  through  sand  or  marl. 

The  following  is  an  outline  of  some  of  the  drainage 
projects  under  way  or  in  contemplation  in  Florida: 

Baldwin  Drainage  District  No.  1. — This  includes  three 
townships  of  land  lying  about  Baldwin  in  Duval  County. 
It  has  both  prairie  and  muck  lands  within  the  boundaries. 
It  is  organized  under  the  law  of  1913.  Surveys  have  been 
practically  completed  and-  plan  of  reclamation  will  be 
available  shortly.  Construction  probably  will  be  started 
within  the  next  few  months.  Isham  Randolph  &  Co.,  Jack- 
sonville, Fla.,  are  the  chief  engineers. 
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Lake  Ashby  Drainage  District.— This  district  was  or- 
ganized under  the  law  of  1913.  It  embraces  48,000  acres 
of  land  west  of  New  Smyrna.  Reports  and  surveys  of  en- 
gineers have  been  adopted.  The  estimated  cost  is  $250,- 
000.  Isham  Randolph  &  Co.,  Jacksonville,  Fla.,  are  the 
chief  engineers. 

Lake  Worth  Drainage  District.— This  was  created  under 
the  law  of  1913.  It  embraces  approximately  125,000  acres 
near  Lake  Worth,  and  includes  muck  lands  and  prairie. 
Surveys  have  been  made  and  plans  prepared.  Orrin  Ran- 
dolph, Lake  Worth,  Fla.,  is  the  chief  engineer. 

Peace  Creek  Drainage  District. — The  contract  for  the 
system  for  this  48,000-acre  district  was  let  early  this 
month  to  the  Elliott  &  Harman  Engineering  Co.,  Peoria, 
111.,  and  Washington,  D.  C.  The  plan  of  reclamation  calls 
for  a  22-mile  main  canal  through  the  center  of  the  dis- 
trict and  120  miles  of  laterals.  The  estimated  excava- 
tion is  2,432,743  cu.  yd.,  and  the  estimated  cost  $258,877. 
Upper  St.  Johns  Drainage  District. — This  is  stated  to 
be  the  second  largest  district  organized  in  the  state  at  the 
present  time.  It  includes  approximately  265,000  acres 
of  land  along  the  valley  of  the  Upper  St.  Johns  River 
and  extends  from  a  point  approximately  west  of  Cocoa 
south  to  Fellsmere.  The  estimated  cost  of  the  impi-ove- 
ment  is  in  the  neighborhood  of  $2,500,000.  The  surveys 
have  been  made  by  the  engineers,  Isham  Randolph  &  Co., 
Jacksonville,   Fla. 

Homestead  Sub-Drainage  District. — This  district  was 
created  under  the  laws  of  1913,  and  is  said  to  be  the  larg- 
est district  organized  in  the  state  exclusive  of  the  Ever- 
glades District.  It  includes  approximately  277,000  acres 
of  land,  consisting  of  hummock,  saw  grass  and  marl 
prairie.  Preliminary  examinations  of  the  tract  have  been 
made  by  the  engineers,  Isham  Randolph  &  Co.,  and  com- 
plete surveys  will  be  started  within  the  next  few  months. 
Pinellas  Park  Drainage  District. — Construction  work  is 
now  under  way  on  this  district,  which  embraces  about 
13,000  acres  of  pine  woods  land.  C.  Dechant,  Pinellas 
Park,  is  the  engineer. 

Lake  Largo-Cross  Bayou  Drainage  District. — Construc- 
tion is  well  under  way  in  this  district.  The  district  in- 
cludes 13,000  acres  of  land  immediately  north  of  the 
Pinellas   Park  District. 

Preliminary  steps  are  being  taken  toward  the  creation 
under  the  1913  law  of  a  drainage  district  including  that 
portion  of  Duval  County  between  Trout  Creek  and  the 
St.  Johns  River,  exclusive  of  the  Baldwin  District  No. 
1,  mentioned  above.  This  district  will  be  one  of  the 
largest  in  the  state. 

A  drainage  district  of  5,210  acres  has  been  organized 
near  Hastings,  Fla.,  under  the  law  of  1913.  Surveys  have 
been  made  and  plans  prepared  by  the  engineers,  Ellis, 
Curtis  &  Kooker,  Jacksonville,  Fla.  It  is  probable  this 
district  will  be  considerably  enlarged. 

A  number  of  good  sized  drainage  developments  are 
being  carried  out  by  private  enterprise.  The  Southmere 
Farms  Co.  has  construction  under  way  on  a  40.000-acre 
project  west  of  Mims.  The  Titusville  Fruit  &  Farm  Land 
Co.  has  a  40,000  to  50,000-acre  project  near  Indian  River 
City.  The  greater  portion  of  the  area  is  muck  land.  A 
large  amount  of  construction  work  has  been  completed. 
The  Fellsmere  Farms  Co.  contemplates  an  ultimate  de- 
velopment covering  approximately  118,000  acres.  At  the 
present  time  operations  have  been  confined  to  a  tract  of 
approximately  50,000  acres,  the  drainage  of  which  is 
practically  completed.  The  Fort  Pierce  Farms  Co.  of 
Fort  Pierce,  has  brought  well  along  to  completion  the 
drainage  of  25,000  to  30,000  acres  of  muck,  prairie  and 
pine  land.  The  Indian  Farms  Co.  at  Vero,  also  has 
drained  30,000  acres  to  35,000  acres  of  land  and  probably 
will  double  the  development.  The  Everglades  Sugar  & 
Land  Co.,  of  Miami,  contemplates  starting  construction 
at  an  early  date  on  a  tract  of  several  thousand  acres  of 
Everglades  land  lying  along  the  state  drainage  canal 
southwest  of  Fort  Lauderdale. 

We  are  indebted  to  George  B.  Hills,  Jacksonville,  Fla., 
engineer  manager  of  the  Isham  Randolph  &  Co.,  Consult- 
ing Engineers,  for  the  information  given  above. 
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AN    IMPROVED    METHOD    OF    DEEP    DRILLING 
LARGE  DIAMETER  WELLS.* 

In  drilling  oil  wells  in  the  Coalinga  oil  field  in  Califor- 
nia the  problem  is  to  reach  a  depth  of  4,000  ft.  or  more 
with  a  string  of  pipe  not  less  than  8'  ^  in.  in  diameter  and 
maintain  the  string  free  and  movable.  Some  very  prom- 
ising results  have  recently  been  obtained  by  a  method 
devised  by  Mr.  William  Kick.  A  large  clearance  for  the 
pipe  is  obtained;  the  standard  circulator  sy.stem  is  used; 
the  pipe  is  kept  moving  while  drilling  is  in  progress;  each 
collar  is  "set  up"  twice  before  it  goes  below  the  bottom 
of  the  derrick  cellar. 

The  large  clearance  is  obtained  by  the  use  of  a  shoe  of 
extra  large  diameter,  from  1^4  to  1%  in.  larger  than  the 
collars  on  the  pipe.  Under-reaming  is  resorted  to  fre- 
quently and  the  hole  is  repeatedly  under-reamed  until  the 
pipe  is  entirely  free  in  passing  a  "shell"  or  hard  streak. 


Swinging   Spider  for   Deep   Well   Drilling. 

Spudding  the  pipe  is  avoided.  When  a  conductor  pipe  is 
landed,  the  desirable  extra  clearance  for  the  next  string 
may  be  obtained  by  skipping  one  size  of  pipe,  as  for  in- 
stance carrying  a  10-in.  string  through  a  15V2-in.,  thus 
eliminating  the  12i2-in.  size.  This  is  necessary  with  the 
present  sizes  of  pipe  available,  but  a  different  design 
would  save  considerable  expense  in  this  matter. 

This  extra  clearance  is  necessary  in  using  the  circula- 
tor system  to  allow  free  passage  for  the  "returns."  It 
obviates  the  danger  of  sand  lodging  between  the  strings 
of  pipe  and  freezing  the  working  string. 

The  well-known  standard  circulator  system  is  used. 
Mud  (clay) -laden  fluid  is  forced  down  through  the  pipe 
under  pressure  by  pumps  (ordinary  rotary  slush  pumps) 
and  returned  on  the  outside  of  the  pipe,  carrying  the  drill- 
ings with  it.  This  fluid  is  run  through  a  flume  and  into 
a  pit,  as  in  rotary  work,  and  its  consistency  is  regulated 
as  with  the  rotary. 

This  mud-laden  fluid  presumably  plasters  up  the  walls 


•Extract  from  a  paper  by  M.  E.  Lombardi  in  Transactions,  Ameri- 
can Institute  of  Mining  Engineers. 
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of  the  hole,  prevents  sand  and  mud  from  running  in  and 
prevents  caving.  It  is  essential  that  circulation  be  inter- 
rupted as  little  as  possible.  Intermittent  circulation 
seems  to  be  worse  than  useless. 

The  pipe  is  kept  moving  while  drilling  is  in  progress — 
i.e.,  without  pulling  out  the  tools — by  means  of  a  so-called 
swinging  spider  (see  Fig.  1).  The  pipe  is  suspended  by 
an  ordinary  spider  provided  with  lugs  to  which  are  at- 
tached steel  reins  (sometimes  chains  or  wire  lines)  which 
extend  to  a  clevis  above  the  walking  beam,  the  beam 
operating  between  the  reins.  The  clevis  is  attached  to 
the  casing  block.  The  reins  are  about  40  ft.  in  length  so 
that  the  pipe  may  be  lowered  to  the  bottom  of  a  30-ft. 
cellar.  The  cellar  is  made  deep  enough  so  that  the  sta- 
tionary spider  at  the  bottom  is  more  than  the  length  of 
one  joint  of  pipe  below  the  derrick  floor.  It  follows  that 
when  a  joint  of  pipe  is  added  to  the  string  the  back-up 
tongs  may  be  put  on  the  second  collar,  which  has  been 
previously  set  up  and  which  is  now  near  the  cellar  bot- 
tom. The  same  result  is  obtained  without  back-up  tongs, 
the  pipe  being  held  by  the  lov.-er  spider.  Thus  every  joint 
is  set  up  twice — once  when  it  is  put  on  and  a  second  time 
after,  it  has  been  subjected  to  the  pull  of  the  pipe  below 
it  and  the  vibration  of  drilling.  This  insures  a  tight 
joint. 

It  has  been  suggested  that  in  territory  where  upper 
waters  corrode  iron  and  steel  very  fast,  a  10-in.  water 
string  practically  immune  to  this  corrosion  may  be  ob- 
tained as  follows:  Carry  a  12^ -z-in.  string  within  a  few 
feet  of  the  point  where  water  is  to  be  shut  off.  This 
string  may  be  as  light  and  cheap  as  it  is  practical  to  carry, 
since  the  burden  of  sustaining  the  collapsing  pressure  of 
the  water  does  not  fall  on  it.  Then  land  a  10-in.  water 
string  inside  of  this  12'^  ^-in.  string  at  the  proper  point 
below  it,  and  pump  in  enough  cement  to  fill  the  space 
between  the  two  strings. 

This  is  mentioned  simply  as  one  of  the  advantages 
which  may  accrue  from  a  drilling  method  by  which  a 
large-diameter  string  of  pipe  can  be  carried  to  depth  with 
reasonable  certainty. 

Now  as  to  the  interesting  item  of  cost.  The  bulk  of 
the  extra  cost  incurred  is  in  movable  tools  and  machinery, 
only  the  depreciation  and  upkeep  on  which  are  charge- 
able to  the  well  drilled.  Extra  cost  incidental  to  the  drill- 
ing itself,  other  than  above,  consists  in  construction  of 
the  deep  cellar,  the  installation  of  one  extra  boiler,  the 
mud  pumps  and  the  extra  fuel  and  water  used,  and  one 
extra  man.  The  swinging  spider  pumps,  boiler,  etc.,  are, 
of  course,  moved  and  used  for  successive  wells.  An  idea 
of  the  extra  cost  items  may  be  gained  from  the  following: 

Extra  depth  of  cellar,  drain,  and  circulator  rigging $    450.00 

Settins:  of  extra  boiler  and  circulator  pump 250.00 

Mud   flume,    pits,    etc 100.00 

Total   fixed  costs   per  well $    SOO.OO 

Extra  labor  in  drilling,  per  day $  7.00 

Extra  fuel,  77  bbl.  of  oil  per  day  at  35  ct 2.45 

Extra  water,  packing,  etc.,  per  day 4.00 

Total  extra  costs  per  day  of  122  days $13.45     1,640.90 

Depreciation  at  18  per  cent  on  $2,320.  being  value  of  outfit  re- 
moved           136.00 

Total    extra    cost $2,576.90 

In  a  typical  well  with  the  system  under  discussion  3,336 
ft.  of  10-in.  pipe  was  set  in  122  days.  This  is  the  value  of 
only  about  1,465  ft.  of  12^2-in.  45-lb.  casing  f.  o.  b.  the 
field.  No  12i2-in.  casing  was  used,  so  at  least  this  amount 
was  saved.  Better  average  time  is  made  with  this  method, 
so  that  at  the  most  it  is  not  more  costly  than  the  usual 
cable-tool  drilling.  As  pointed  out,  its  chief  value  lies  in 
the  fact  that  large-diameter  pipe  can  be  carried  to  depth 
with  far  more  certainty. 


Per  s(j.  yd. 

Excavatin.i?    concrete    $0.14 

Removing   asphalt    . . .' 0.17 

Kem  iving    brick    0.13 

Kelaying  concrete    0.60 

Relaying  brick    0.10 

Per  cu.  yd. 

Excavating  and   wheeling $0  62 

Backfilling    0.83 

Loading  wagons    (KH 

Per  lin.  ft. 

Lajing  12-ln.  steam  pipe $ii.31 

Covering   12-in.  steam  pipe 0.03 

Laying    IS-in.    tile 0.09 

Placing   trench    sheeting 0.20 

Pulling    ti-ench    sheetin.g 0.05 

Setting  plates  and  rollers  cost  20  ct.  per  pair. 

The  costs  varied  rather  widely  from  the  averages  above 
given,  as  indicated  in  the  following  table  taken  from 
"Electric  World": 

/--Units  per  man-hour. ^^ 

Maxi-  Mini-  Aver- 

mum.  mum.  age. 

Removing  asphalt,   sq.   yd 1.60  1,29  145 

Removing   brick   pavement,    sq.   yd 3,00  1.25  1.87 

Removing  concrete    (both   hard  and  soft).   S(i. 

yd 3.36  0  57  1.79 

Excavating  and  wheeling,  cu.  yd O.-'iS  0,25  0.40 

Laying  12-in,   pipe,    foot 1,25  0,33  0,8 

Setting  plates  and  rollers,  pa'r 1,5  1.0  1,25 

Covering  12-in,   pipe,   foot 15.5  5,3  7.6 

I-aving  18-in.   tile,    foot 5.25  0,55  2,9 

Backtilling,  cu.    vd 0.44  0,16  0,3 

Concreting,    sq,    vd 0,6  0,3  0,42 

Sheeting,    foot    1,5  1,0  1,25 

Pulling    sheeting,     foot 6,12  4,45  .=>,0 

Laying  brick,   sq.    yd 0.89  0  31  0,62 

Loading   wagons,    cu.    yd 2,57  1,03  1,82 


COST  OF  EXCAVATING  PAVEMENT,  TRENCHING 
AND  STEAM  PIPE  LAYING. 

In  the  construction  of  a  steam  pipe  line  for  a  central 
heating  system  in  Indianapolis,  careful  records  of  cost 
were  kept.  Assuming  wages  to  be  25  ct.  per  hr.,  the  fol- 
lowing were  the  average  unit  costs  of  the  direct  labor, 
exclusive  of  foremanship  and  superintendence: 


PUMPING  WATER  FOR  IRRIGATION. 

Contributed  by  Louis  Schmeer.  Irrigation  Engineer,  Colton.  Cal, 
(Continued  from  .Tiily  12,   1916.) 

Classification  of  Wells. 

Wells  may  be  classified  as  follows: 

(1)  Driven  Wells:  Wells  constructed  by  driving  strong 
screw-joint  steel  or  wrought-iron  pipes  1  to  4  in.  in 
diameter  into  unconsolidated  materials.  If  the  pipe  is  not 
driven  by  the  jetting  method  it  carries  at  its  lower  end  a 
strong  drive  point  of  steel,  above  this  it  is  perforated  for 
a  distance  of  10-20  ft.  Driven  wells  are  either  constructed 
in  batteries  about  a  pumping  station  or  else  in  rows  on 
one  or  both  sides  of  a  suction  pipe.  Wells  in  batteries  are 
usually  supplied  with  air-lifts;  air  being  supplied  to  all 
from  a  common  receiver.  In  case  the  discharge  is  to  be 
pumped  to  higher  levels  by  more  efficient  apparatus  it 
is  necessary  to  get  rid  of  the  air  arriving  at  the  surface 
with  the  water.  To  accomplish  this  the  lifts  discharge 
into  standpipes  10-12  ft.  above  the  surface  of  the  ground. 
From  these  the  water  flows  to  collecting  pipes  and  pumps. 

A  battery  of  wells  may  be  connected  by  simple  syphon 
pipes  with  a  large  collecting  well  sunk  to  lower  levels, 
thus  permitting  the  pumping  to  be  done  by  a  single  ap- 
paratus. Wells  in  rows  are  connected  with  suction  col- 
lecting pipes  leading  to  centrifugal  or  triplex  pumps. 

(2)  Tubular  bored  or  drilled  wells.  Wells  from  4  to  36 
in.  in  diameter  sunk  by  various  methods  into  unconsoli- 
dated strata  or  rock  and  in  loose  materials  lined  with 
screw-joint  wrought  iron  or  with  riveted  single  or  double 
steel  casings. 

(3)  Common  dug  wells.  Wells  from  4-10  ft.  in  diam- 
eter and  in  loose  materials  lined  with  boards  or  masonry 
walls. 

(4)  Large  dug  or  collection  wells.  Wells  of  moderate 
depth  10  to  100  ft.  in  diameter.  In  loose  materials  these 
wells  are  generally  lined  with  masonry  walls  built  on  a 
foundation  of  rubble  masonry,  laid  dry.  Or,  the  lower 
part  is  lined  with  flanged,  perforated  plates  of  cast  iron 
or  steel,  bolted  together  and  a  masonry  wall  is  erected  on 
the  top  flange.  The  yield  of  such  wells  is  far  from  being 
proportional  to  their  diameter;  in  water  bearing  sands 
it  varies  from  1.5  to  6  second  ft.  Their  chief  advantage 
lies  in  their  freedom  from  clogging  up,  due  to  the  slow 
entrance  of  the  water,  and  in  their  great  storage  capacity. 
Their  construction  is  indicated  where  waterbearing  strata 
of  low  transmission  capacity  are  found  at  depths  not  ex- 
ceeding 40  ft.  Collection  wells  in  syphon  connection  with 
driven  wells  can,  however,  be  sunk  advantageously  to 
greater  depths. 

(5)  Artesian  Wells.  Tubular  bored  or  drilled  wells  in 
which  the  water  rises  above  the  surface  of  the  ground. 
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The  name  is,  however,  applied  to  all  borings  penetrating 
the  deeper  strata  in  which  the  water  rises  above  the  level 
of  these  strata.  Artesian  water  in  many  cases  simply 
means  water  originating  in  the  deeper  zones. 
Well  Drilling  Jlethods. 
The  outfit  in  use  for  drilling  tubular  wells  in  the  At- 
lantic states  and  in  Europe  a  century  ago  consisted  of  a 
square  stationary  derrick,  a  walking  beam  and  connec- 
tions operated  by  means  of  horsepower  or  a  steam  engine 
and  some  wheels  and  pulleys  used  in  handling  the  tools. 
The  tools  consisted  of  iron  rods  3-20  ft.  long,  screwed  to- 
gether and  a  drilling  tool  which  was  screwed  either  to  the 
end  of  the  lower  rod  or  else  it  was  of  the  free  fall  type, 
being  dropped  and  picked  up  in  the  manner  of  the  ham- 
mer of  a  piledriver.  At  a  later  period  wooden  poles, 
either  with  screw-jointed  iron  couplings  or  with  some  iron 
interlocking  device  displaced  the  iron  rods.  These  in  turn 
were  subsequently  displaced  by  the  cable,  now  universally 
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Layne    Shutter    Strainer    and    Wire    Strainer   for   Wells. 


adopted.  Pole  tools  however  are  still  used  in  some  parts 
of  the  country. 

The  discovery  of  oil  in  Pennsylvania  led  to  extensive 
drilling  operations  which  resulted  in  the  perfection  and 
standardization  of  methods  and  tools.  The  various  makes 
of  rigs  and  tools  now  in  use  differ  only  in  minor  details. 

For  the  drilling  of  irrigation  wells  a  portable  rig  is 
mostly  used;  a  permanent  stationary  derrick  is,  however, 
necessary  if  the  well  is  to  be  equipped  with  a  deep  well 
double  plunger  pump. 

Two  types  of  portable  rigs  are  in  use,  differing  in  the 
method  by  which  a  vertical  up  and  down  motion  is  im- 
parted to  the  drilling  tools.  In  each  of  these  the  energy 
of  the  prime  mover  is  transmitted  to  a  bandwheel  and 
to  a  wristpin  on  the  crank  of  this.  The  distance  of  the 
wristpin  from  the  center  of  the  shaft  determines  the 
length  of  the  stroke  imparted  to  the  drilling  tool.  From 
the  wristpin  the  energy  is  either  transmitted  to  a  walking 
beam  by  means  of  a  pitman  or  else  directly  to  the  drilling 
cable  by  a  mechanical  device  differing  in  the  various 
makes  of  spudding  rigs  in  use.  The  walking  beam  rig  is 
the  most  complete,  it  will  do  for  any  kind  of  work  from 
the  lightest  to  the  heaviest.  By  simply  disconnecting  the 
pitman  from  the  wristpin  of  the  bandwheel  crank  it  may 
be  converted  into  a  spudding  rig  and  this  is  usually  done 
at  the  beginning  of  operations,  before  the  distance  be- 
tween the  bottom  of  the  well  and  the  walking  beam  is  suf- 
ficient for  the  operation  of  a  string  of  tools. 
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The  spudding  rig,  having  no  walking  beam,  is  best 
suited  for  light  work  and  moderate  depths  of  wells.  It 
is  used  also  in  the  hydraulic  jetting  process. 

Connected  with  the  walking  beam  of  a  complete  rig  is 
a  so-called  temper  screw,  5-7  ft.  long,  carrying  at  its  lower 
end  the  drilling  cable  held  in  a  clamp.  A  slight  turn  of 
the  screw  increases  or  diminishes  its  length  and  thus 
serves  to  keep  the  drilling  tools  in  touch  with  the  ma- 
terial to  be  penetrated. 

For  operations  in  solid  materials  the  string  of  tools 
proper  consists  of  a  rope  socket,  sinkers,  jars,  augur  stem 
and  drilling  bit,  all  of  which  are  screwed  together  in  the 
order  named,  and  a  bailer.  The  rope,  socket,  2.5-4  ft.  long 
receives  the  end  of  the  cable.  The  sinkers,  6-16  ft.  long 
add  weight  to  the  string  when  drilling  a  wet  hole.  The 
jars,  5-6  ft.  long,  consist  of  two  interlocking  links  of 
strong  steel  bars  and  prove  very  useful,  when  drilling 
tools  get  stuck  or  lost.  The  downward  stroke  of  the  walk- 
ing beam  pushes  the  two  links  together,  the  upward 
stroke  pulls  them  apart  and  at  the  end  produces  a  jar  of 
a  force  sufficient  to  disengage  a  stuck  tool.  The  augur 
stem  1.5-48  ft.  long,  connects  jars  and  drilling  bit  and 
further  serves  to  add  weight  to  the  toolstring.  Drilling 
bits  are  from  4-6  ft.  long.  The  bailer  consists  of  a  steel 
tube  usually  1.5  in.  less  in  diameter  than  that  of  the  cas- 
ing or  well.  At  its  lower  end  it  has  a  flap  valve,  open- 
ing inward.  At  the  beginning  of  operations,  when  the 
hole  has  reached  a  depth  of  6-10  ft.  the  tools  are  with- 
drawn and  a  piece  of  casing  6-10  ft.  long  is  driven  in, 
care  being  taken  to  keep  it  plumb.  This  first  piece  of  cas- 
ing carries  at  its  lower  end  a  slightly  enlarged  extra 
strong  extension  with  a  cutting  edge,  called  the  drive  shoe. 
To  the  upper  end  of  the  casing  another  extension,  called 
the  drivehead  is  temporarily  screwed  on  and  on  this  the 
weight  of  the  hammer  driving  the  casing  descends.  In 
case  the  hole  is  dry,  enough  water  is  let  in  to  convert  the 
material  loosened  by  the  drill  bit  into  a  semi-liquid  slush 
which  readily  enters  the  bailer  lowered  into  it  and  is  thus 
easily  removed.  The  casing  usually  consists  of  steel  tub- 
ing, cut  to  suitable  lengths,  with  screw  joints.  When  a 
solid  formation  is  encountered,  the  casing  is  driven  a  few 
feet  into  it  to  form  a  watertight  joint  and  then  discon- 
tinued. 

The  California  Method. 
For  operations  in  unconsolidated  materials  a  method 
differing  somewhat  from  the  standard,  described  above, 
has  been  perfected.  The  rig  used  differs  in  so  far  from 
.  the  standard,  that  the  walking  beam  is  placed  much  high- 
er, or  about  35  ft.  from,  the  ground.  Solid  drill  bits  are 
rarely  used.  The  sand  buckets  or  bailers  are  made  e.xtra 
strong  and  given  sufficient  weight  to  crush  good  sized 
stones,  moderate  layers  of  hardpan  and  even  boulders  to 
fragments  small  enough  to  enter  the  flap  valve.  For  op- 
erations in  such  materials  chisels  of  various  shapes  are 
riveted  to  an  extra  heavy  drive  shoe  attached  to  the 
bailer.  A  10-in.  bailer,  20  ft.  long,  weighs  from  1,500  to 
2,000  pounds. 

The  casing  consists  of  No.  12  to  16  gage  lap  riveted 
iron  or  steel  tubes  of  two  slightly  differing  diameters, 
cut  in  2-ft.  lengths.  These  are  placed  inside  each  other, 
stove  pipe  fashion,  one  piece  overlapping  the  other  1  ft. 
The  first  casing  rests  on  a  starter,  8-10  ft.  long.  This 
consists  in  its  upper  part  of  two,  in  its  lower  part  of  three 
thicknesses  of  No.  12  casing,  riveted  together.  To  this 
is  attached  a  heavy  drive  shoe  of  forged  steel  about  1  ft. 
long  and  provided  with  a  cutting  edge.  The  casings  are 
driven  (or  pulled)  by  means  of  powerful  hydraulic  jacks, 
of  about  50  tons  capacity.  These  are  bolted  to  heavy  tim- 
bers and  buried  about  the  well  at  a  depth  of  8-10  ft.  below 
the  surface.  Formerly  the  different  pieces  of  casing  were 
riveted  together;  at  present  the  joints  are  simply  center 
punched,  an  operation  usually  performed  by  the  stroke  of 
a  pick.  Stovepipe  casing  is  watertight  and  will  stand 
great  pressures. 

The  Hydraulic-Jetting  Method. 

The  hydraulic-jetting  outfit  consists  of  a  spudding  rig 
and  a  force  pump;  the  tools  of  a  drill  pipe  and  a  drill  bit 
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with  a  nozzle.  By  means  of  the  force  pump,  water  under 
great  pressure  is  driven  through  the  drill  pipe  and  drill 
bit  and  issues  in  a  jet  against  the  bottom  of  the  hole.  The 
drill  pipe  is  operated  by  the  spudding  method.  The  par- 
ticles of  the  material  loosened  by  drill  bit  and  jet  are 
carried  upward  and  out  of  the  well  by  the  ascending  cur- 
rent and  flow  into  a  sump.  The  casing,  steel  pipe  screwed 
together,  is  driven  in  the  usual  manner,  by  falling  weights. 
The  hydraulic-jetting  method  is  best  suited  for  wells 
of  small  diameters,  such  as  artesian  borings.     It  is  the 


Armstrong   Walking    Beam   Well    Drill. 

quickest  and  cheapest  method  of  sinking  wells;  its  appli- 
cation is,  however,  limited  to  the  penetration  of  forma- 
tions consisting  of  fine  grained  materials. 

Perforated  Casings  and  Strainers. 

In  order  that  the  water  present  in  the  stratum  may  en- 
ter the  well  with  the  least  hindrance  it  i§  desirable  that 
perforations  in  casings  and  strainers  should  have  an  area 
surpassing  the  porosity  percentage  of  the  material;  that 
is,  if  the  porosity  percentage  of  the  material  is  equal  to 
30,  the  percentage  of  the  perforated  area  of  the  casing  or 
strainer  should  surpass  30. 

Several  methods  of  perforating  casings  in  place  have 
been  tried,  but  none  of  them  has  given  entirely  satisfac- 
tory results.  The  chief  difficulty  lies  in  the  fact,  that  the 
work,  being  performed  far  below  the  surface,  can  not  be 
properly   inspected. 

The  style  of  perforating  tool  most  frequently  used  in 
punching  stove  pipe  casings  has  a  revolving  cutter,  punch- 
ing 5  slits  at  each  revolution  of  the  wheel.  With  another 
style  of  tool  vertical  slits  ^'s  in.  wide  and  6-12  in.  long 
are  punched  into  the  casing.  Experience  has  demonstrated 
that  strainers  inserted  complete  give  better  satisfaction 


ENGINEERING 
AND      CONTRACTING 

and  the  present  most  approved  practice  is  to  put  in  such 
strainers  and  withdraw  the  casings.  Those  most  fre- 
quently used  are  made  of  perforated  brass,  copper  or  gal- 
vanized steel  plates.  No.  8  gage.  The  perforations  are 
punched  in  such  a  manner  that  no  burrs  appear  on  either 
side  of  the  sheet.  The  area  of  perforations  is  from  40  to 
50  per  cent.  The  made  up  tube  is  wound  with  brass  or 
copper  wire  of  a  suitable  size  and  so  spaced  as  to  prevent 
the  entrance  of  the  minor  sizes  of  soil  grains  present  in 
the  material.  The  wire  wound  strainers  are,  however,  not 
free  from  objections;  the  voids  between  the  wires  become 
occasionally  completely  clogged  and  the  efficiency  de- 
stroyed. 

There  are  several  patented  strainers  on  the  market  pre- 
senting entirely  smooth  surfaces  to  the  material  in  con- 
tact. This  to  a  great  extent  prevents  the  clogging  of  the 
strainer. 

In  the  Layne  strainer  the  brass  or  copper  wire  wound 
around  the  tube  is  not  circular  but  wedge-shaped,  the 
wedge  pointing  inward  and  presenting  a  flat  smooth  sur- 
face towards  the  outside.  The  wire  used  is  all  of  the 
same  dimensions,  but  spaced  differently,  leaving  openings 
from  0.001  in.  in  width  to  any  other  width  desired.  The 
Cook  strainer  consists  of  a  brass  tube  with  horizontal 
wedge-shaped  openings. 

In  the  Layne  shutter  strainer,  which  is  made  of  boiler 
iron  and  intended  for  wells  of  large  diameters,  the  per- 
forations are  similar  in  shape  to  the  openings  in  a  win- 
dow shutter.  Through  these  openings  nothing  can  enter 
horizontally  and  only  the  water,  being  much  lighter  than 
the  sand,  ascends  and  enters. 

Usually  the  diameter  of  the  strainer  inserted  is  1.5-2 
in.  less  than  that  of  the  casing.  Where  there  is  a  joint  to 
be  made  between  a  casing  and  a  strainer,  it  is  made  water- 
tight by  the  insertion  of  an  annular  strip  of  lead,  form- 
ing a  seal.  When  the  casing  is  withdrawn,  starter  and 
drive  shoe  are  left  in  the  ground. 

The  Cleaning  Out  of  Wells. 

The  material  composing  a  waterbearing  stratum  con- 
sists of  a  mixture  of  grains  of  various  sizes.    It  is  obvious 
that  the  elimination  of  the  flner  soil  grains  occupying  the 
pores  between  the  larger  ones  will  greatly  facilitate  the 
movement  of  water  in  the  material.    This  is  especially  true 
of  the  region  in  the  immediate  vicinity  of  the  well,  where 
the  water  arrives  from  all  directions.    During  recent  years 
a  method  has  been  found  by  which  the  finer  soil  grains 
present  in  the  material  surrounding  the  well  may  be  to  a 
great  extent  washed  out  and  the  flow  thereby  consider- 
ably increased,  frequently  50  per  cent  and  over.       The 
apparatus  used  in  the  work  is  the  common  Pohle  air  lift 
pump.    Since  this  is  an  apparatus  of  low  efficiency  its  in- 
stallation is  only  temporary  and  consists  of  a  makeshift 
combination  of  an  air  compressor,  an  air  receiver,  a  dis- 
charge pipe  2  in.  less  in  diameter  than  that  of  the  casing 
and  an  air  pipe  having  a  diameter  equal  to  one-fourth  of 
that  of  the  discharge  pipe.     For  the  work  in  hand  it  is 
not  necessary  to  pay  any  attention  to  the  proper  amount 
of  submergence.    When  operations  begin,  the  well  as  well 
as  the  discharge  pipe  of  the  pump,  are  closed  air  tight. 
Air  is  then  turned  on  under  a  light  pressure,  about  10  to 
15    pounds    per    square    inch.       The    pressure    is    gradu- 
ally    increased     until     it     reaches     about     40     to     50 
pounds  per  square  inch  in  both  receiver  and  well.     These 
high  pressures  force  water  and  air  through  the  perfora- 
tions of  the  strainer  far  out  into  the  waterbearing  stratum. 
When  the  discharge  valve  is  opened  the  resulting  shock 
drives  the  finer  materials,  clay,  silt  and  fine  sand  grains 
into  the  well,  from  whence  they  are  ejected  through  the 
discharge  pipe.    The  operation  is  repeated  as  long  as  the 
discharge  carries  materials  held  in  suspension. 

When  wells  are  cleaned  out  in  this  fashion  it  is  evi- 
dent that  wire  wound  strainers  or  others  with  fine  slits 
or  perforations  are  not  to  be  used.  Strainers  made  of 
galvanized  iron  or  of  brass.  No.  8  gage,  smooth  on  both 
sides,  with  perforations  3/16  to  ^i  in.  wide  and  1  to  2  in. 
long,  have  given  good  service.  The  area  of  the  perfora- 
tions should  be  between  35  and  40  per  cent. 
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The  Cost  of  Drilling  and  Casing  Tubular  Wells. 

The  cost  of  sinking  wells  differs  with  the  material  to 
be  penetrated  and  with  the  method  which  can  be  used. 
By  the  jetting  method  wells  from  4  to  8  in.  in  diameter  can 
be  sunk  in  fine  material  for  25-40  ct.  per  foot,  including 
the  driving  of  the  casing. 

The  cost  of  sinking  wells  in  unconsolidated  materials 
by  the  California  method,  including  the  driving  of  the 
double  casing,  is  about  as  follows: 


Depth. 


TABLE   VI. 

Cost   in   cents  per   fuot. 
-Diametei    of   well    in    incties.- 


First  100  ft 

For  each  50  ft.  ad- 
ditional   in    clay, 


4 
30 


S 
35 


40 


9 
60 


10 
65 


12 


16  18  20  22 
90  100  110  120 


24 
130 


Iloam  or  sand  add, 
cents  per  foot.... 7. 5  7. 
For  each  50  ft.  ad- 
ditional in  gravel 
or  gravel  with 
boulders  add, 
cents  per  foot. ...   25 


5  7.5  7.5  7.5  7.5  7.5  7.5     10     10    10     10     10     10 


25     25     30     30     30 


35     35     40     40     40     4' 


To  the  cost  of  sinking  the  well  must  be  added  the  cost 
of  the  casing  which  fluctuates  with  the  price  of  steel.  The 
present  price  of  casings  strong  enough  to  sustain  an  in- 
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in  which  t  =  2,700  for  16  gage,  3,600  for  14  gage,  and  4,500 
for  12  gage  steel. 

The  present  prices  of  Layne  well  screens  or  strainers 
are  as  follows : 

T.VBLE   VIII. 


Wire   Wound   Screen   of   Perforated   .Steel. 


I'iani. 
in  inches. 
3'^ 

4     

4 14 

5     

5% 

6'4 

6% 

7% 

S'/i 


Diam. 
in  inches. 

11 

13 

15 

17 

21 


Per  ft. 

$5.60 

5.S0 

6.04 

6.14 

6.24 

6.40 

6.80 

9.10 

7.S0 
Scree 

Per  ft. 

$7  67 

s.oo 

S.33 

8.67 

9.33 

Diam. 

in  inches.  Per  ft. 

&% $  8.40 

9% 9.20 

10% 11.20 

11% 11.50 

12% 12.90 

13H 16.00 

14^4 20.20 

15V4 24.00 


Shutter  Screen  of  Boiler  Steel. 


Diam. 

in  inches.  Per  ft. 

24 $10.67 

26 12.67 

28 15.00 

SO 17.67 


The  Cost  of  Well  Pits. 

The  dimensions  of  well  pits  for  horizontal  pumps  direct 
connected  to  electric  motors  or  belted  to  engines  are  6  by 


Armstrong    Spudding    Well     Drill. 


ternal  pressure  of   100  lb.  per  square  inch   is  about  as 
follows : 

T.VBLE  vn. 


Diameter 

in 

inches. 


Lap  riveted  casing 

at  S  ct.  per  lb. 
• Gage.- 


4 

16 
30 

.36 

•:   42 

4S 

56 

r.n 

10 66 

11    T" 

1** 

SO 

13    .    . 

...     "^4 

14    

iiO 

1  ^,    

<>4 

1  ■:  

u  

24  .['.'.]'.'.[]'..'. 

46 
52 
60 
70 
74 
S2 

ss 

100 
104 
112 
116 

]■:« 

148 
176 


12 


96 
102 
114 
122 
136 
144 
158 
164 
178 
202 

240 
256 


"U'elded  steel  pipe 
with  screw  joints. 
Factory  prices  plus 

25   per   cent. 
Blaclv.  Galvanized. 


44 
59 
28 
104 
109 
151 
180 
203 
223 


70* 

93 
124 
160 
169 
231 
271 
310 
340 


•Corrected  for  latest  prices. 

A  single  thickness  of  steel  casing  will  safely  stand  an 
earth  pressure  of 

t 


H  = 


diameter  in  inches 


feet; 


I 


Material. 
Sand,  earth  i-.nd  loose  gravel. 

Light  clay 

Dry   clay    

Wet  clay,  hard  pan 


12  to  14  by  14  ft.  and  those  for  vertical  pumps  8  by  8  ft. 
or  less.  For  a  depth  of  25  ft.  the  cost  of  excavation  is 
about  as  follows: 

Cost  per  cu.  yd. 
in  dollars. 

0.75-0.85 

0.90-1.00 

1.15-1.25 

1.45-1.55 

For  each  additional  foot  of  depth  one  per  cent  may  be 
added,  so  that  for  a  depth  of  125  ft.  the  cost  will  be 
doubled. 

A  lining  consisting  of  2-in.  planks  or  4-in.  concrete 
costs  about  16,  one  of  6-in.  concrete,  24  ct.  per  square  foot 
of  surface.  The  cost  of  a  12  by  12  ft.  pit,  25  ft.  deep  and 
lined  with  2-in.  planks  or  4-in.  concrete  is  consequently 
about  as  follows: 


E.\cavation 


12X12X25X0.95 


.$100.00 


Lining    =    4X12X25X0.16    =    192.00 

Concrete   floor   =:    12X12X0.16    23.04 


Total     $315.04 

The  deeper  pits  are  given  a  circular  section  8-12  ft.  in 
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diameter  and  the  thickness  of  the  masonry  or  plain  con- 
crete wall  is  computed  from  the  formula: 

H  d  R  /  <p\ 

T=^2VTang.»(45°-3) 

in  which  T  =  thickness  of  lining  in  feet; 

H  =  depth  of  well ; 

R  =  radius  of  well; 

d  =  density  of  material,  assumed  to  be  equal  to  2; 

S  =  safe  crushing   strength   of  plain   concrete   in  tons 
per  square  foot,  assumed  to  be  equal  to  15; 

tang.°   (  45°—  3  )  =  factor  denoting  the  influence   of  the 

angle  of  repose  of  the  material  surrounding  the  wall  upon 
the  horizontal  pressure;  for  sand,  gravel,  detritus,  dry 
loam  or  clay  equal  to  0.5354. 

For  a  pit  or  well  100  ft.  deep  and  10  ft.  in  diameter  this 
gives,   inserting  values 

100  X  2  X  5 
^  ^       32X15  '■''''  =  1"  ''■ 

The  method  in  use  in  sinking  these  masonry  lined  cir- 
cular pits  is  similar  to  the  one  used  in  sinking  bridge 
piers.  An  excavation  is  sunk  to  a  depth  of  6-10  ft.  and  a 
concrete  lining  put  in,  which  is  given  a  thickness  corre- 
sponding to  the  depth  to  which  the  pit  is  to  be  finally  sunk. 
When  the  concrete  has  gained  sufficient  strength  to  resist 
the  soil  pressures  forms  are  removed  and  excavation  re- 
sumed and  extended  under  the  masonry.  As  the  concrete 
ring  sinks  under  its  own  weight  additional  sections  are 
built  on  top  of  it  until  the  desired  depth  is  attained. 
(To  be  continued.) 


DITCHING  AND  DIGGING  POLE  HOLES  WITH 
DYNAMITE. 

Contributed  by  Thomas  M.  Knight,  E.  I.  Du  Pont  de  Nemours  &   Co.. 
■Wilmington,  Del. 

There  are  hundreds  of  thousands  of  miles  of  ditches 
needed  in  this  country.  Excess  water  must  be  carried 
away,  and  in  the  arid  regions  water  must  be  brought  to 
the  land.  Ditches  both  small  and  large,  deep  and  shallow, 
to  fill  the  particular  needs  are  required.  How  to  dig  these 
ditches  at  the  least  cost  in  the  quickest  time  possible  is  a 
question  of  vital  interest  to  the  engineer. 

In  times  past,  pick  and  shovel,  mechanical  diggers, 
heavy  ditching  machinery  and  floating  dredges  all  played 
their  part  in  the  excavation  of  ditches.  In  recent  years 
dynamite  has  been  added  to  this  list.  All  of  these  meth- 
ods have  their  place;  yet  for  a  great  many  classes  of 
ditches  the  use  of  dynamite  is  cheapest  and  most  satisfac- 
tory. However,  in  cases  of  ditches  of  from  one  to  several 
miles  in  length  and  6  ft.  deep  or  over  other  means  than  by 


Fig. 


-Plan    of    Wire    Connections    for    Biast-ng 
Through    Dry   Ground. 


Narrow    Ditch 


the  use  of  dynamite  will  probably  be  found  more  economi- 
cal, but  for  ditches  from  3  ft.  wide  to  2  ft.  deep  up  to  16 
ft.  wide  and  6  ft.  deep  the  use  of  dynamite  will  be  found 
to  be  a  very  economical  way  of  digging.  The  study  of  all 
conditions  is  advised  and  the  use  of  the  cheapest  method 
is  recommended  in  every  case.  Ditches  may  be  dug  with 
dynamite  in  the  softest  swamp  lands  or  through  the  hard- 
est rock.  In  fact,  dynamite  will  do  the  work  in  any  soil, 
with  the  exception  of  loose,  dry  sand. 

In  ditching  with  dynamite  no  expensive  machinery  is 
required,  and  the  cost  and  labor  of  transpoi-ting  this  ma- 
chinery is  eliminated.  The  equipment  required  is  gen- 
erally a  sledge  and  punch  bar  or  soil  auger,  and  very  often 
two  men  can  carry  all  the  supplies  that  are  needed  for  a 
few  hundred  feet  of  ditch.  Dynamite  works  exceptionally 
well  in  rough  and  swampy  lands,  and  will  dig  a  clean-cut 
channel  through  places  so  wild  that  teams  or  machinery 
could  not  be  brought  to  work  in  them.  A  little  shoveling 
is  sometimes  required,  and,  as  the  blast  scatters  the  soil 
over  an  area  approximately  150  ft.  on  each  side  of  the 
ditch,  there  are  no  spoil  banks  with  which  to  contend  in 
aftertimes.     It   is   as   easy  to    dig   a   curved    ditch   as    a 
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straight  one,  as  the  center  of  the  ditch  is  where  the  dyna- 
mite cartridges  are  placed. 

In  wet  weather  it  is  often  imperative  that  a  ditch  be 
dug  very  quickly  to  avert  the  flooding  of  certain  sections, 
and  the  use  of  dynamite  in  cases  like  this  is  the  means  of 
saving  an  untold  number  of  dollars. 

There  are  two  methods  of  blasting  ditches,  propagated 
and  electric.  The  propagated  method  can  be  carried  on 
only  in  wet  soils,  while  the  electric  one  may  be  practiced 
in  both  wet  and  dry  soils.  The  grades  of  explosives  used, 
blasting  supplies  needed,  and  methods  of  loading  vary  with 
the  two  methods. 


Fig.  2.    A   Second    Method   of  Wiring   One   Line  of   Holes. 

In  wet  or  swampy  soils  the  ditching  can  best  be  done 
by  the  propagated  method.  In  firing  a  propagated  blast 
the  cartridges  are  placed  from  18  to  24  in.  apart  and  at 
the  proper  determined  depth.  A  blasting  cap  and  fuse  is 
inserted  in  the  center  cartridge  and  fired.  The  force  of 
the  explosion  of  this  cartridge  fires  or  detonates  the  bal- 
ance of  the  cai-tridges  so  placed.  If  the  ditch  is  to  be  a 
wide  one,  then  a  parallel  row  of  cartridges,  and  sometimes 
a  third  row,  is  required.  In  such  a  case  there  should  be  a 
cartridge  or  two  put  down  extra  to  connect  the  parallel 
rows  to  make  sure  of  the  simultaneous  detonation  of  all 
the  charges.  It  is  also  a  good  practice  to  charge  the  two 
cartridges  on  either  side  of  the  primer  with  a  blasting  cap 
to  further  insure  perfect  detonation.  In  a  propagated 
blast  a  straight  nitroglycerine  dynamite  must  be  used,  as 


Fig.    3 — Plan    Showing    Methods    of    Connecting    Wires    for    Blasting    a 
Large    Ditch    Through     Dry    Ground. 

other  grades  are  too  insensitive  to  be  fired  in  this  man- 
ner. This  method  of  blasting  should  be  carried  on  only 
in  a  fairly  warm  soil.  It  should  not  be  attempted  in  icy 
water  or  in  cold  weather. 

If  stumps,  boulders,  or  other  obstructions  are  directly 
in  the  line  of  the  ditch  it  is  best  to  prime  a  cartridge  on 
either  side  of  the  obstruction  and  fire  these  with  an  elec- 
tric blasting  machine.  The  explosive  wave  might  carry 
through  or  around  these,  but  it  does  not  pay  to  take  the 
risk.  When  such  obstructions  are  to  be  removed  from  the 
ditch  extra  charges  are  needed  to  be  placed  under  them. 

The  electi'ic  method  of  blasting  ditches  may  be  carried 
on  regardless  of  soil  conditions  and  temperature.  It  has 
the  advantage  over  the  propagated  method  in  so  much  that 
the  low  freezing  and  less  sensitive  grades  of  dynamite 
may  be  used  and  larger  charges  may  be  employed  in  the 
bore  or  loading  hole,  and  these  placed  correspondingly  far- 
ther apart,  thus  reducing  the  loading  cost.  The  method 
of  procedure  is  exactly  the  same  as  with  the  propagated 
blast,  except  every  charge  must  be  primed  with  an  electric 
blasting  cap  and  the  wires  connected  up.  To  fire  thie  an 
electric  blasting  machine  is  used.     Where  more  than  one 


Fig. 
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-Method   of  Connecting   Wires   for   a    Ditch    Blast   Where   Three 
Lines   of   Holes  Are    Used. 


cartridge  is  used  in  a  hole,  the  one  containing  the  primer 
should  be  placed  on  top  and  the  cap  pointed  downward. 
Blasting  machines  have  various  actual  capacities;  so  don't 
overload  them.  If  one  is  rated  at  fifty,  it  is  far  better  to 
fire  forty-five  charges  than  to  try  to  fire  fifty-five.  Be  on 
the  safe  side.  Where  the  water  does  not  rise  2  ft.  in  the 
hole,  it  should  be  filled  with  suitable  tamping  material 
and  packed  tightly. 
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If  one  set  of  holes  is  to  be  fired  they  can  best  be  con- 
nected as  shown  in  Fig.  1.  Figure  2  also  shows  a  method 
of  connecting  one  line  of  holes.  For  two  sets  of  holes  the 
connections  are  made  as  in  Fig.  3.  If  a  ditch  is  of  a  suffi- 
cient width  to  demand  three  lines  of  holes,  the  method  of 
connecting  the  wires  is  shown  in  Fig.  4.  Figure  5  gives 
a  view  of  the  longitudinal  section  of  the  placing  of  charges 
and  wiring  for  an  electric  ditch  blast. 

The  amount  of  dynamite  needed,  the  space  betweem  the 
charges,  and  the  depth  to  which  they  are  placed  to  dig  a 
ditch  of  the  required  size  vary  greatly.  No  set  rule  can 
be  laid  down.  Roughly  speaking,  in  average  soils  a  pound 
of  50  per  cent  straight  nitroglycerine  dynamite  should  dig 
a  running  yard  of  ditch  6  ft.  wide  and  from  2^2  to  3  ft. 
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Fig. 


-Longitudinal  Section  Shewing   Method  of  Loading  With  Electric 
Blasting    Caps   for    Blasting    a    Ditch. 

deep.  That  would  mean  the  placing  of  a  cartridge  of  dyna- 
mite every  18  in.  at  a  depth  of  about  30  in. 

The  only  sure  way  to  proceed  either  in  a  propagated  or 
electric  blast  is  to  first  fire  trial  or  test  shots.  For  ditches 
from  3  to  31-  ft.  deep  the  depth  of  the  bore  or  loading 
holes  should  be  from  2  to  2I2  ft.  and  the  spacings  from  20 
to  24  in.  apart.  It  is  well  to  load  about  ten  holes  as  a  trial 
and  note  the  results.  If  a  clean  ditch  has  been  blown  to 
the  required  width  and  depth,  the  work  may  proceed,  but 
if  too  deep  or  too  shallow,  vary  the  spacing,  depth,  and 
charges  accordingly.  Two  or  three  test  shots  in  most 
cases  will  determine  the  correct  loading.  In  some  cases 
where  a  shallow  ditch  is  required  and  the  soil  is  soft  and 
wet  half  a  cartridge  will  be  sufficient  to  do  the  work.  When 
the  dynamite  moves  too  much  ground  in  propagated  blasts 
and  the  spacing  between  the  charges  is  twenty-four  inches, 
cut  down  the  size  of  the  charge  rather  than  increase  the 
spacings,  as  24  in.  is  usually  the  limit  of  successful  propa- 
gated blasts. 

The  bore  or  loading  holes  can  be  put  down  in  swampy 
and  wet  land  with  a  wooden  stick  or  bar  with  little  trouble, 
while  in  harder  soils  a  hole  may  be  put  down  with  a  bar 
and  sledge  or  crowbar. 

Soil  conditions  vary  in  every  location;  so  it  is  impossible 
to  arrive  at  any  cost  prices  until  test  shots  have  been 
made.  The  accompanying  Table  I  gives  the  approximate 
amount  of  50  per  cent  straight  nitroglycerine  dynamite  re- 
quired to  dig  ditches  of  various  width.     Table  II  shows 
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Fig.   6 — Dynamite   Charges   Tied   to   a   Stick    and    Ready   to    Load   for   a 
Post   Hole   Elast. 

the  amount  of  dynamite  required  for  a  given  length  of 
ditch. 
Dynamite  is  also  employed  to  good  advantage  in  the  dig- 

E'ng  of  post  and  pole  holes.  It  not  only  saves  time  and 
bor,  but  it  reduces  the  number  of  laborers  required  as 
well. 

In  digging  pole  holes  with  dynamite  the  dirt  is  packed 
solidly  around  the  sides  of  the  hole,  which  is  greatly  to  be 
desired.  The  tendency  in  hand  digging  in  hard  soils  or 
shale  is  to  make  the  holes  shallow.  This  danger  is  wholly 
eliminated  where  explosives  are  employed. 

In  preparing  to  blast  out  a  hole  with  dynamite,  a  hole  is 
first  dug  with  a  spade  about  6  or  8  in.  deep  to  the  full 
diameter  of  the  hole  required.  This  is  to  relieve  the  pres- 
sure on  the  blasted  hole  and  to  prevent  excessive  shatter- 
ing. 

A  bore  or  loading  hole  is  then  put  down  in  the  center  of 
the  shallow  hole  to  within  about  6  in.  of  the  depth  re- 
quired. A  soil  auger  or  churn  drill  will  probably  work 
the  best  in  putting  down  this  hole. 

The  dynamite  used  in  blowing  out  the  hole  must  be 
divided  into   several   charges   and   spaced   so  that  when 
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TABLE   I.— APPROXIMATE    TABLE  OF   CHARGES   OF    STRAIGHT 

50%    DTNAillTE    FOR   BLASTING   DITCH   WITHOUT   A 

BLASTING  MACHINE. 

Approximate  Distance 

number  of  cartridges  per  hole  Number  of    between 

required  I'or  ditches  of  various  depths,   parallel  rows  rows  In 


Top 

width  of 

ditch. 

6 


10 
12 
14 
16 
IS 


2%  to  3  ft. 
1 

1 
I 
1 
I 
1 
1 


4  ft. 
2 


5  ft. 
3 
3 
3 
3 
3 
3 
3 


aft. 
5 
5 
5 
5 
5 
5 
5 


required. 

1 

lor  2 

2 


inches. 

30 
36 
42 
48 
36 
42 


placed  in  the  hole  the  top  charge  will  be  about  20  in.  be- 
low the  surface.  The  charges,  consisting  of  a  cartridge 
or  fraction  of  one,  may  be  tied  to  a  lath  or  any  other  light 
stick  (see  Fig.  6)  at  distances  from  6  to  24  in.  apart.  The 
spacings  and  charges  are  determined  by  the  character  of 
the  soil  and  depth  and  diameter  of  the  hole  required.  Here, 
again,  test  shots  must  be  made  to  determine  the  most  satis- 
factory and  economical  method  of  procedure. 

The  top  cartridge  or  piece  of  cartridge  is  primed  with  a 


Fig.   7 — Method   of   Loading  for   Pole   Hole   Blasting. 

fuse  and  blasting  cap  or  an  electric  blasting  cap.  (Nothing 
smaller  than  a  No.  6  should  be  used,  so  as  to  insure  per- 
fect detonation.)  The  lath  with  the  primer  on  top  and 
charges  attached  is  then  placed  in  the  hole  (see  Fig.  7). 
If  water  is  in  the  hole  of  sufficient  depth  to  cover  the 
charges,  including  the  primer,  no  tamping  is  necessary.  If, 
on  the  other  hand,  the  hole  is  dry,  better  results  may  be 
secured  if  the  hole  is  tamped  at  the  top  about  the  charge. 
In  tamping  the  hole  care  should  be  taken  to  see  that  no 
dirt  or  pieces  of  sod  get  between  the  primer  and  charges 
below.     In  firing,  the  force  of  the  explosion  of  the  primer 
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. 10  rod? ^ 

Dynamite 
required 
ai            using- 
2.          charges 
g      per  hole  of 

TABLE  II. 

. »i  mile V 

Dynamite 
required 
■               using 
0)             charges 
■3          per  hole  of 

■  ■  1^  mile           ^ 

0 

Dynamite 
required 

using 

charges 

per  hole  of 

rt=     *-= 


-:S  o  — 


■7- 

Z 

£■? 

&^ 

Z 

►^•f 

Z 

C"^ 

Sr 

IS 

110 

2S 

55 

sso 

220 

440 

1.760 

440 

sso 

211 

99 

25 

49 

792 

198 

396 

1,584 

396 

792 

24 

8.1 

21 

41 

664 

166 

332 

1.328 

332 

664 

2r, 

"i? 

19 

38 

60S 

152 

304 

1,216 

304 

60S 

"<! 

71 

18 

36 

566 

142 

2S4 

1,132 

283 

566 

1   rod- 

-11;  14 

feet. 

10  rods — 16r>  feet  or  55  yards. 
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explodes  the  other  charges,  but  if  dirt  or  sod  intervenes 
the  charges  below  will  fail  to  explode.  Water  transmits 
the  detonation,  but  dry  dirt  retards  or  cuts  it  off  entirely. 

In  a  test  shot  following  the  described  method  in  a  tight 
clay  soil,  an  excellent,  clean-cut,  open  hole  was  blown  out 
four  and  a  half  feet  deep.  One-third  of  a  cartridge  or 
straight  60  per  cent  dynamite  was  placed  in  the  bottom  of 
the  hole;  one-third  of  a  cartridge  of  the  same  strength 
eight  inches  from  the  bottom,  and  one-half  cartridge  of  40 
per  cent  low  freezing  extra  dynamite  was  placed  20  in. 
below  the  top.  There  was  no  tamping  in  this  case.  Very 
little  hand  work  was  required  to  clean  the  hole  out. 

Another  test  shot  was  recently  made  in  a  wet  blue  clay 
soil.  A  bore  hole  was  put  down  6  ft.  deep.  Seven  charges, 
each  containing  one-third  of  a  cartridge  of  50  per  cent 
straight  nitroglycerine  dynamite,  were  placed  6  in.  apart, 
beginning  at  the  bottom.  This  blew  out  a  uniform,  clean- 
cut  hole,  78  in.  deep,  which  required  less  than  three  min- 
utes of  hand  work  to  clean  out.  The  walls  were  compact 
and  hard.     The  shot  was  satisfactory  in  every  way. 

In  pole  hole  blasting  the  straight  dynamites  give  good 
results  in  warm  weather,  while  the  extras  and  low  freez- 
ing grades  give  satisfactory  results  both  in  wanii  and  cold 
weather.  The  straight  dynamites  are  more  sensitive  and 
quicker  in  their  action  than  the  others. 

Dynamite  saves  time  and  money,  and  its  use  is  conducive 
to  speed  and  economy. 


DRAG-LINE  EXCAVATOR  FOR  HANDLING  SPOIL 
FROM  STEAM  SHOVEL  TO  SPOIL  BANK. 

The  illustration  shows  a  drag-line  excavator  put  to 
novel  use  in  constructing  Section  11  of  the  Calumet-Sag 
Branch  of  the  Chicago  Drainage  Canal.  This  section  of 
the  branch  canal  is  5,200  ft.  long,  39  ft.  deep,  and  192  ft. 
wide  at  the  top ;  the  bottom  width  is  36  ft.  for  part  of  its 
length  and  50  ft.  for  the  remainder  of  its  length.  In  se- 
lecting plant  for  this  work  the  facts  to  be  taken  into 
consideration  were  that  there  was  a  considerable  quan- 
tity of  stripping  and  glacial  drift  to  be  removed  first  and 
that  beneath  this  was  hard  glacial  drift  requiring  a  pow- 
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by  the  illustration.  In  planning  this  arrangement  it  was 
considered  that  while  a  tipple  might  handle  the  spoil 
somewhat  faster  it  would  involve  additional  investment 
unnecessary  if  the  drag-line  transformed  into  a  derrick 
could  be  substituted.  Also  when  the  work  was  done  the 
drag-line  would  have  far  greater  market  value  than  would 
a  tipple  designed  for  a  specific  job.  The  work  of  the 
drag-line  as  a  derrick  has  been  successful.  The  con- 
tractor for  the  work  is  James  O.  Heyworth,  Chicago,  111. 


USING   THE   PANTOGRAPH    FOR   ODD   SCALES. 

Ccntriliutert  by  T.   H.    Mycum,  Dayton.  Ohio. 

In  the  average  drafting  room,  an  ordinary,  cheap  pan- 
tograph is  of  no  value  in  reducing  or  enlarging  draw- 
ings accurately  to  scale.  However,  for  obtaining  cop- 
ies for  reference  or  for  record  purposes  not  demanding  a 

very  accurate  scale,  a  panto- 
graph is  invaluable  as  a  time 
saver.  Often  a  reproduction  is 
wanted  for  survey  or  prelimi- 
nary investigation  sooner  than 
a  satisfactory  copy  could  be 
made  by  hand.  Especially  in 
the  case  of  maps,  or  similar 
drawings  a  copy  hand-made  to 
different  scale  is  expensive  and 
unsatisfactory;  while  with  a 
cheap  pantograph,  better  work 
can  be  turned  out  and  in  much  less  time,  providing  the 
pantograph  can  be  arranged  to  enlarge  in  the  ratio  of  the 
scales  of  the  original  and  the  copy. 

If  the  only  original  available  is  a  printed  copy,  reduced 
to  no  definite  scale,  or  if  the  ratio  of  scales  is  odd,  the 
ordinary  pantograph  cannot  be  used  to  obtain  an  enlarge- 
ment to  scale  without  locating  and  boring  new  holes. 

The  method  of  determining  the  locations  of  holes  for 
any  ratios  whatever  is  not  at  once  apparent,  the  first  time 
the  proposition  is  met.  Consider  the  ordinary  pantograph 
mechanism  (Fig.  1).  In  any  position,  links  AB  and  DF, 
and  DE  and  BC  are  always  parallel;  and  points  A,  D  and 
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Drag-Line   ExcavatO'-   l-iandling   Spoil   from    a   Steam   Shovel.   Calumet- Sag    Canal. 


erful  excavator.  For  the  top  excavation  a  drag-line  ex- 
cavator was  suitable,  but  it  could  not  handle  econom- 
ically the  hard  glacial  drift.  The  scheme  worked  out  was 
to  use  for  the  top  excavation  a  235-ton  Bucyrus  drag-line 
with  a  3^2  cu.  yd.  bucket  and  a  working  radius,  of  128I2 
ft.,  and  for  the  glacial  drift  to  use  a  70-ton  Bucyrus 
shovel.  To  handle  the  spoil  from  the  shovel  it  was  the 
idea  to  transform  the  drag-line  excavator  into  a  derrick, 
replacing  the  excavator  bucket  by  a  steel  skip  9  ft.  x  9 
ft.  7  in.  X  2^2  ft.    The  plant  as  thus  transformed  is  shown 


C  always  lie  in  the  same  straight  line.  The  points  D  and 
C  can  move  only  in  the  one  (or  both)  of  two  ways: 
in  radial  lines  through  A,  or  in  arcs  of  circles  concentric 
about  A.  Since  in  either  manner  their  movements  are 
always  parallel,  in  any  random  movement  also — which 
is  a  combination  of  both  radial  and  circular — their  move- 
ments will  be  parallel  at  any  instant. 

If  then.  Cc  is  enlarged  from  Dd.  they  are  parallel,  and 
the  ratio  of  enlargement  is  Cc:Dd.  Then,  from  similar 
triangles,    AC:AD:  :Cc  :Dd.      Also    triangles    ABC,    AED, 
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and  DFC  are  all  similar,   having  their   respective  sides 
parallel.    Therefore — 

Cc:Dd  ::  AC:AD   ::  BC:DE  ::  DE:FC  ::  BC:BF  :: 
BF:FC,  etc. 

Thus,  if  the  ratio  of  scales,  Cc:Dd,  is  R  and  BC  is  1, 

11  1 

the  length  of  the  link  is  R  =  —  =  —  and  DE  =  BF=^ 

DE      BF'  R 

As  usually  made,  all  the  links  are  alike.  Therefore, 
all  the  triangles  are  isosceles,  and  FD  =  FC.  That  is, 
FD  =  BE  =  1-BF. 

Thus,  the  required  distance  to  bore  new  holes  for  any 
ratio  of  enlargement,  is  always  equal  to  the  length  of 
link  divided  by  the  ratio. 

Suppose,  for  example,  the  scale  of  some  map  reduced 
for  publication  is  found  from  certain  distances  given  on 
the  print  to  be  1  in.  =  237  ft.  It  is  desired  to  enlarge  and 
copy  this  print  to  a  scale  1  in.  =  200  ft.  The  ratio  of  en- 
largement, R,  is  237^-200  =  1.185.  The  length  of  the 
link,  1,  is  20  in.,  perhaps.  Then  the  distance  of  the  hole 
from  the  end,  for  two  links,  is 

x  =  20  -^  1.185  =  16.88  in. 
and  for  the  other  two  links  it  is  20  in.  —  16.88  in.  =  3.12 
in.  The  approximate  location  can  be  determined  for  each 
link  by  inspection,  by  noting  the  ratios  for  the  holes  al- 
ready provided,  and  the  proper  distance  to  use  at  once 
determined. 


A    NEW    SELF-PROPELLING 
EXCAVATOR. 


DRAG    LINE 


A  drag  line  excavator  self-propelling,  either  on  broad 
faced  traction  wheels  or  on  "Corduroy  Grips,"  is  illus- 
trated by  the  accompanying  engravings.  As  shown  by 
Fig.  1  this  excavator  has  a  revolving  frame  supporting 
a  boom  and  internal  combustion  engine,  an  A-frame,  a 
drag  drum,  a  hoisting  drum,  a  boom  topping  lift  drum, 
a  tubular  water  cooling  radiator,  an  air  compressor,  a 
centrifugal  water  circulating  pump,  a  gasoline  tank  sus- 
pended from  beneath  and  a  compressed  air  tank  also  sus- 
pended from  beneath. 


Fig.   1 — View  Showinu   Framing   and  Machinery  of  Self- Propelling   Drag 

Line   Excavator. 

All  machinery,  including  boom  and  A-frame,  is  sus- 
tained on  two  heavy  girders.  This  upper  frame  rotates 
on  the  lower  frame  by  rack  and  pinion  and  revolves  on 
four  two-wheeled  trucks,  treading  upon  a  60-lb.  rail  cir- 
cle. Truck  frame  wheels  and  center  castings  are  made 
of  annealed  steel.  The  lower  frame  is  of  I-beam  con- 
struction, designed  for  taking  all  the  heavy  strains  that 
are  imposed  upon  it. 

The  engine  house  consists  of  angle  iron  framing  en- 
cased in  double  beamed  and  matched  yellow  pine  ceiling. 
The  roof  is  of  the  same  material  and  is  covered  with 
heavy  canvas.  The  whole  is  thoroughly  painted.  Water 
circulation  and  force  feed  lubrication  are  entirely  auto- 
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matic.  The  main  structural  dimensions  and  other  details 
are: 

Length  of  boom,  40  ft.;  capacity  of  bucket,  1  cu.  yd.; 
horsepower  of  engine,  70;  rotating  speed,  2Yi  revolutions 
per  minute;  diameter  of  turntable,  8  ft.;  character  of 
material  in  traction  wheels,  cast  steel;  wheels  provided 
with  three  sets  of  spokes. 

The  corduroy  grips  are  driven  from  live  axle  by  internal 
steel  sprockets  and  chain  from  back  axle;  number  of 
corduroys,  four.    The  front  axle  suspension  is  three  point 


Fig.  2 — View   Showing    Boom   and   Bucket   of  Self-Propelling   Drag   Line 

Excavator. 

for  traveling,  and  the  upper  frame  is  rigidly  held  in  po- 
sition by  jack  nuts  when  working.  The  back  or  driving 
axle  is  a  solid  steel  forging,  and  the  front  axle  built  up 
of  12-in.  I-beams  with  stubb  ends  for  removing  in  case 
of  wear.  All  bearings  are  provided  with  the  necessary 
grease  or  oil  cups.  All  gears  of  annealed  cast  steel;  spur 
gearing  cut  from  solid  steel  blanks.  The  weight  of  ma- 
chine is  30  tons.  This  machine  can  be  equipped  with 
either  steam,  internal  combustion  engine  or  electricity 
taken  from  outside  sources  or  the  current  can  be  gen- 
erated on  the  machine  if  so  desired.  The  makers  are 
Pawling  &  Harnischfeger  Co.,  Milwaukee,  Wis. 


A  GASOLINE  POWER  SCRAPER  SHOVEL  FOR 
HANDLING  BULK  MATERIALS. 

Contributed  by  Frank  C.   Ferkin.s.  Buffalo,   N.  Y. 

The  accompanying  illustration  shows  a  gasoline  power 
scraper  shovel  designed  for  handling  bulk  materials  of  all 
kinds.  The  illustration  shows  the  shovel  working  in  iron 
ore  in  the  hold  of  a  boat,  but  it  can  be  seen  that  the  shovel 
can  be  used  for  handling  various  bulk  materials.  In  un- 
loading boats  of  ore  or  coal,  there  is  always  a  certain 
amount  of  material  that  lies  between  the  hatches  and 
cannot  be  reached  by  the  unloading  grabs.  The  work  of 
the  gasoline  power  scraper  shovel  is  to  place  this  ma- 
terial beneath  the  hatch  openings,  thereby  doing  away 
with  hand  shovelers.  The  gasoline  shovel  is  able  to  keep 
enough  material  beneath  the  hatch  opening  to  cause  the 
unloading  bucket  to  get  a  full  load  at  each  grab,  and  de- 
liver the  material  fast  enough  to  keep  the  unloading  ma- 
chines busy. 

The  machine  was  developed  by  Mr.  S.  J.  Russell,  dock 
superintendent,  on  the  Buffalo,  Rochester  &  Pittsburgh 
R.  R.  Co.'s  dock  at  Buffalo.  It  consists  of  a  high  powered 
gasoline  engine  operating  a  raisable  shovel  located  at  the 
front  end  of  the  machine.  When  the  shovel  is  raised  to 
its  top  limit  it  is  in  a  dumping  position  and  the  load  falls 
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out.  The  entire  mechanism  is  mounted  on  two  rubber 
tired  driving  wheels  with  a  third  wheel  at  the  rear  as  a 
trailer  and  steering  wheel.  The  two  driving  wheels  are 
connected  to  the  engine  by  means  of  gearing  and  clutches 
so  as  to  travel  the  shovel  back  and  forth.  The  hoisting 
drums  for  raising  the  shovel  and  (lumping  it  are  also  con- 
nected to  the  engine  through  gearing  and  clutches. 

All  operations  are  controlled  by  the  operator  by  means 


Gasoline     Power    Scraper     Shovel. 

of  levers  located  in  front  of  his  seat.  Brakes  are  supplied 
so  as  to  give  the  operator  better  control  of  the  operation. 
When  working  in  ore  and  coal  in  boats,  the  shovel  pushes 
the  material  to  the  desired  point,  instead  of  handling  it 
a  shovelful  at  a  time.  This  makes  the  operation  much 
faster  as  more  material  is  handled  at  each  trip.  When 
working  in  the  bow,  stern  or  against  bulkheads,  it  is 
necessary  for  the  shovel  to  handle  the  material  a  shovel- 
ful at  a  time,  carrying  the  same  to  the  hatch. 


EXPERIMENTS  IN  RELIEVING  STRAIN  BREAKS 
IN  QUARRIES.* 

In  many  quarries,  at  certain  stages  in  the  process  of 
rock  removal,  expansion  of  the  rock  will  take  place,  or 
irregular  fractures  will  suddenly  form,  occasionally  ac- 
companied by  subterranean  noises.  A  modification  of 
methods  may  become  necessary  owing  to  the  interference 
of  strain  with  the  successful  operation  of  certain  quarry 
tools.  Of  still  greater  importance  is  the  fact  that  in  a 
number  of  marble  quarries  the  formation  of  the  so-called 
"strain  breaks"  results  in  the  waste  of  much  valuable 
material.  The  following  basic  principles  have  been  es- 
tablished: (1)  The  causes  of  strain  are  not  to  be  found 
in  mere  local  conditions  such  as  the  weight  of  a  near- 
by hill  or  the  process  of  surface  weathering.  Strains  are 
manifestations  of  the  great  geologic  forces  that  build 
mountains  and  cause  earthquakes.  (2)  In  every  observed 
instance  of  strain  the  rock  has  been  under  compression. 

(3)  The  compression  is  usually  in  one  definite  direction. 

(4)  The  only  way  to  remove  the  strain  is  to  bring  about 
expansion  of  the  rock  to  its  normal  volume.  (5)  If  the 
strain  on  a  small  mass  of  rock  is  relieved,  it  expands  in- 
dependently of  the  main  mass,  with  consequent  fractur- 
ing; therefore  relief  from  strain  should  be  sought  for  a 
large  mass  at  one  time. 

A  Tennessee  marble  company,  acting  on  the  advice  of 
Mr.  T.  Nelson  Dale  of  the  United  States  Geological  Sur- 
vey, made  an  effort  to  relieve  strain  by  drilling  holes. 
Although  defects  were  apparent  in  the  preliminary  trial, 
the  great  increase  in  the  proportion  of  sound  stock  pro- 
duced encouraged  a  continuation  of  the  method.  A  com- 
plete description  of  the  plan  of  drilling,  effect  on  the 
rock,  and  of  suggested  changes  in  method  follows: 

The  mass  of  rock  under  observation  was  69  ft.  long,  20 
ft.  wide,  and  12  ft.  thick.     It  occupied  a  position  along 
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one  side  of  the  quarry,  the  remainder  of  the  floor  to  the 
northwest  having  already  been  removed.  Its  position  is 
shown  at  A  in  Fig.  1. 

A  line  of  holes  perpendicular  to  the  supposed  direction 
of  compression  was  fir.st  drilled.  The  holes  were  l'*4  in. 
in  diameter,  12  ft.  deep,  and  the  average  core  thick- 
ness between  drill  holes  was  fifteen-sixteenths  of  an  inch. 
The  direction  of  the  line  was  N.  40"  W.    The  line  was  20 


f^lQ.    1 — Plan    of    part    of    a    marble    quarry,    showing    position    of   a    rock 
mass    studied.      A.    rock    mass    where    observations   were    made:    a, 
position    of    line   of   holes   driven    perpendicular  to   supposed   di- 
rection  of   compression:    b     position   of  second   line   of   holes 
driven  to  give  rock  mass  freedom  to  shear  on  expanding. 

ft.  long,  extending  from  the  corner  of  the  quarry  along 
the  northeastern  wall  and  terminating  at  the  excavated 
part  of  the  floor.     Its  position  is  indicated  by  a  in  Fig.  1. 

A  second  line  of  holes  of  similar  depth  and  spacing  was 
projected  along  the  southeastern  wall  of  the  quarry  as 
shown  at  b.  The  purpose  of  this  line  of  drill  holes 
was  to  give  the  mass  of  rock  freedom  to  shear  when  it 
expanded.  On  account  of  the  difficulty  of  placing  drills, 
holes  were  omitted  for  a  distance  of  10  ins.  from  the  cor- 
ner on  the  northeast  wall,  and  6  in.  from  the  corner  on 
the  southeast  wall.  A  mass  of  rock  12  in.  wide  was  left 
in  the  corner. 

Expansion  of  the  marble  soon  manifested  itself  by  a 
crushing  of  the  cores  and  a  gradual  closing  of  the  drill 
holes.  The  closing  did  not  take  place  uniformly.  Near 
the  northwestern  end  of  the  line  it  was  greatest,  attain- 
ing a  maximum  of  7  16  in.,  which  gradually  decreased  to 
zero  at  the  other  end  of  the  line.  There  were  88  drill 
holes  in  the  20-ft.  line.  The  extent  of  closing  as  meas- 
ured at  various  points  was  as  follows: 

1   3   5  10  14  l.C  17  20  27  36  64  S8 

closing   in 
an 
12  13  14  14  12  11  10  10   9   5   3   0 

The  cores  were  broken  the  entire  length  of  the  line, 
though  the  movement  in  the  last  holes  was  too  slight  to 
be  recognizable  with  the  naked  eye.  Likewise  on  the  per- 
pendicular line  every  core  was  broken  by  shearing.  How- 
ever, the  mass  in  the  corner  was  unbroken,  as  far  as  could 
be  seen,  and  it  would  therefore  appear  that  this  mass 
of  rock,  which  was  12  in.  in  width,  effectively  prevented 
the  major  part  of  the  mass  to  expand  so  as  to  gain  relief. 

Figure  2  illustrates  the  second  and  third  drill  holes 
in  the  cross  line.     The  light  line  represents  the  original 
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•ICxtracts   from    "The    Technology   of   Marble   Quarrying 
Bowles,    Bureau  of  Mines,   Bulletin  No.   106. 
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Fig.  2 — Second   and  third  drill   holes  from  the   left  end   of  the   line,   illus- 
trating the  manner  in  which  the  holes  were  closed  by  compression. 
Dotted    lines   shew   original    position   of  drill-hcle   walls;   solid 
lines   show    position    after    rock    movement. 

position  of  the  drill  hole  walls,  and  the  heavy  line  the  posi- 
tion of  the  same  walls  subsequent  to  the  expanding  move- 
ment. It  is  evident  that  motion  took  place  in  a  diagonal 
direction,  which  is  undoubtedly  due,  in  part  at  least,  to 
a  lateral  slipping  of  the  cores  in  order  that  they  might 
gain  ready  relief  by  projecting  into  the  open  holes.  How- 
ever, the  fact  that  slipping  took  place  toward  the  corner 
where  a  mass  of  solid  rock  prevented  any  movement  would 
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seem  to  indicate  that  the  direction  of  compression  was 
not  exactly  perpendicular  to  the  line  of  drill  holes,  but 
inclined  at  a  small  angle  toward  this  corner. 

At  a  later  time  a  channel  cut  was  made  parallel  to  the 
first  line  of  holes  and  69  ft.  distant  from  it.  After  the 
cut  had  been  completed,  the  fact  that  complete  e.xpansion 
had  not  occurred  along  the  first  line  of  drill  holes  became 
apparent.  That  part  of  the  69-ft.  mass  that  had  pre- 
viously been  unable  to  expand  eastward  on  account  of  the 
uncut  corner  began  to  expand  westward  and  partly  closed 
the  channel  cut.  The  shearing  accompanying  this  ex- 
pansion broke  the  cores  between  the  drill  holes  along  the 
entire  shear  line,  and  the  displacement  gradually  in- 
creased with  the  distance  from  the  corner. 

Measurements  were  made  of  the  closing  of  the  chan- 
nel cut.  Owing  to  a  shattered  condition  of  the  rock,  meas- 
urements could  not  be  made  nearer  than  5  ft.  to  the 
quarry  wall.  At  this  point  the  cut  was  closed  6  32  in.,  13 
ft.  from  the  wall  it  was  closed  2  32  in.,  and  18  ft.  from 
the  wall  it  was  not  closed  at  all. 

Thus  it  is  evident  that  where  relief  was  gained  along 
the  original  line  of  drill  holes  no  further  relief  was  neces- 
sary, but  where  in  the  original  line  no  motion  was  possi- 
ble a  backward  motion  took  place  as  soon  as  a  means  of 
relief  was  provided. 

The  suggestions  following  are  offered  with  a  view  to 
improving  the  method  of  quarrying  already  outlined. 

(1)  If  it  is  impossible  to  complete  a  line  of  drill  holes 
in  a  corner,  the  corner  should  be  cut  across  diagonally 
with  a  closely  spaced  row  of  holes  in  order  that  no  mass 
too  great  to  be  crushed  may  remain. 

(2)  To  avoid  delay  by  jamming  of  the  drills,  the  shear- 
line  holes  should  be  made  first,  as  no  appreciable  move- 
ment of  the  rock  will  take  place  until  the  cross  line  of 
holes  is  projected. 

(3)  If  drilling  costs  seem  to  justify  it,  holes  should  be 
more  than  12  ft.  deep,  as  the  object  to  be  continually 
kept  in  view  is  to  gain  uniform  relief  at  one  time  for  as 
large  a  mass  of  rock  as  possible. 


DUMPING    TABLE    FOR    LOADING   WAGONS    IN 
EXCAVATING  BUILDING  FOUNDATIONS. 

The  dumping  table  illustrated  was  used  in  excavating 
a  large  business  block  basement  from  which  the  spoil 
was  handled  in  buckets  by  derrick.  The  drawings  indi- 
cate clearly  the  main  structural  features  of  the  table. 
In  operation  the   derrick  unloaded  the  buckets   of  spoil 
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Dumping   Table  for   Loading   Wagons. 

onto  the  hinged  pans  or  tables  and  wagons  driven  un- 
derneath were  loaded  by  unlatching  the  pans  which  then 
automatically  tilted,  emptied  and  returned  to  loading  po- 
sition. In  discharging  the  pans  nicely  "trimmed"  the 
load  in  the  wagon  and  the  amount  spilled  was  very  small. 
One  man  attended  the  table.  When  a  change  of  position 
was  necessary  the  derrick  lifted  the  table  bodily.  The 
table  was  found  to  be  a  most  economical  and  easily  op- 


71 


erated  device  by  the  contractors,  the  E.  J.  Cook  Co.,  Port- 
land, Ore. 


A   NEW   KNOCK-DOWN   STEEL  DREDGE. 

A  steel  dredge  built,  including  hull,  to  be  shipped  in 
knock-down  form  and  erected  on  the  work,  is  illustrated 
by  the  accompanying  engravings.  Figures  1  and  2  show 
the  general  appearance  of  the  new  machine.  The  hull 
as  indicated  by  Fig.  3  is  made  up  of  flat  steel  sections 
and   it   is  stated  that  all  the   sections  for  an   80x20x6-ft. 


Figs.    1    and   2 — Front   and   Stern    Views   of   Steel    Knock- Down    Dredge. 

hull  can  be  loaded  on  one  flat  car.  On  a  drainage  ditch 
job  an  85,000-lb.  hull  was  hauled  from  cars  to  bank  in 
two  days  at  a  cost  of  about  $60.  To  erect  the  hull  re- 
quired about  790  man  hours,  including  I'l;  days'  delay 
and  cost  $140.  Two  features  of  the  front  end  construc- 
tion of  the  dredge  are  unique.     The  boom  and  the  circle 


Fig.   3 — Steel    Hull   for   Knock-Down    Dredge. 

are  separate  pieces,  and  the  clipper  handle  is  composed  of 
two  welded  steel  channel  box  girders,  as  shown  by  Fig.  4. 
To  form  a  box  girder  two  channels  are  set  flange  to  flange 
with  the  dipper  hinge  casting  inserted  and  bolted  in 
place;  then  the  channels  are  oxy-acetylene  welded  edge 
to  edge  of  flanges,  making  a  rivetless  member.     The  two 


Fig.  A — Dipper  Handle  for  Knock-Down   Dredge. 


box-girders  are  then  bolted  together  through  fillers,  as 
shown,  and  the  rack  is  bolted  in  place  as  with  the  ordinary 
wood  handle.  In  the  new  dredge  also  several  changes 
have  been  made  in  minor  details  intended  to  stiffen  and 
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strengthen  the  machine.     The  makers  of  this  dredge  are 
the  American  Steel  Dredge  Co.,  Ft.  Wayne,  Ind. 


NEW   EAST  RIVER  TUNNEL,   NEW  YORK  CITY. 

The  Public  Service  Commission  for  the  First  District, 
New  York  City,  has  received  bid.s  for  the  construction  of 
the  last  piece  of  under-river  tunnel  construction  yet  re- 
maining to  be  placed  under  contract  in  connection  with 
the  new  dual  system  of  rapid  transit.  This  is  the  new 
two-track  tube  under  the  East  River  from  Second  Ave. 
and  60th  St.,  Manhattan,  to  a  connection  with  the  new 
elevated  lines  in  Queens  at  Queensboro  Bridge  Plaza  Sta- 
tion. The  tunnel  will  connect  the  Queens  Lines  with  the 
route  under  59th  St.  and  Central  Park  West,  which  is  to 
connect  the  Broadway-Seventh  Ave.  line  in  Manhattan  to 
be  operated  by  the  New  York  Municipal  Railway  Corpo- 
ration. The  latter  corporation  is  to  have  trackage  rights 
over  the  Queens  Lines,  terminating  respectively  at  Corona 
and  Astoria.  The  low  bidder  on  the  tunnel  work  was 
Patrick  McGovern  &  Co.,  of  1  Madison  Ave.,  New  York 
City,  whose  bid  was  $4,194,797,  which  is  considered  a 
reasonable  bid  for  under-river  tunnel  work.  The  Deg- 
non  Contracting  Co.  of  30  E.  42d  St.,  New  York  City,  last 
year  made  an  offer  to  build  the  tunnel  for  $4,500,000  in 
the  event  that  certain  changes  were  made  in  the  contract 
held  by  Degnon  for  the  sections  immediately  to  the  west 
of  the  tunriel  in  Manhattan,  reducing  the  amount  of  work 
to  be  done  there.  In  the  bid  on  the  tunnel,  however,  the 
Degnon  company  went  below  its  proffer  by  $253,000,  but 
was  more  than  $50,000  over  the  McGovern  bid.  The  tun- 
nel work  is  a  part  of  Route  No.  61  adopted  by  the  Com- 
mission on  July  28,  1915.  following  the  decision  of  the 
Commission  made  at  the  request  of  the  Board  of  Estimate 
and  Apportionment  to  abandon  the  route  over  the  Queens- 
boro Bridge  as  a  part  of  the  line  to  connect  with  the 
Queens  Lines.  The  Degnon  proposition  contained  the  sug- 
gestion that  the  route  be  changed  from  bridge  to  tunnel. 
City  officials  had  estimated  that  $2,000,000  or  more  would 
be  necessary  to  alter  the  Queensboro  Bridge  sufficiently 
to  carry  the  heavy  weight  of  the  all-steel  subway  trains. 
If  the  cost  of  these  alterations  to  the  bridge  is  added  to 
$500,000,  which  the  Degnon  company  agreed  to  cut  from 
this  contract  on  the  59th  St.  and  60th  St.  Line  in  return 
for  a  change  in  route  and  deducting  from  the  McGovern 
bid  for  the  tunnel,  the  remainder  represents  approximate- 
ly the  net  additional  cost  to  the  city  through  the  construc- 
tion of  a  tunnel  instead  of  utilizing  the  bridge  route. 

The  tunnel  extends  easterly  under  E.  60th  St.  from 
Second  Ave.,  Manhattan,  beneath  the  west  channel  of  the 
East  River,  Blackwell's  Island,  the  east  channel 
of  the  East  River,  waterfront  property  in  Queens 
Borough,  under  and  across  Vernon  Ave.,  through 
private  property  under  N.  Jane  St.  and  under 
the  Queensboro  Bridge  right  of  way,  ending  at  the 
Bridge  Plaza  Station  at  a  point  between  William  and  Cres- 
cent Sts.  The  tunnel  comes  to  the  surface  near  Hancock 
St.  in  Queens  and  wi>ll  be  an  open  cut  from  that  point  to 
near  the  Boulevard  and  Sherman  St.,  and  thence  will  ex- 
tend by  elevated  structure  to  the  connection  with  the 
Bridge  Plaza  Station.  Permanent  ventilation  shafts  are 
to  be  provided  on  Avenue  A  in  Manhattan  and  on  Black- 
well's  Island.  The  successful  bidder  is  allowed  30  months 
in  which  to  complete  the  work. 


NEWS  LETTERS. 

__^ —         St.    Louis    Items. 

A.  Bean,  Pekin,  III.,  has  a  small  team  outfit  that  he  wants  to  work 
by  the  day. 

.1.  W.  McMurray  came  in  from  Oklahoma,  returned  to  Kansas  City. 
Nothing  new. 

Cook  &  Waddell  are  doing  some  bank  widenin-a  for  the  Rock  Island 
R.  R.  through  Iowa. 

E.  K.  Headley  &  Son,  Marion.  111.,  wants  2  or  3  small  team  outfits 
for  county  ro.\d  work. 

F.  \V.  McElroy  is  ^oing  to  begin  work  on  a  street  paving  contract  at 
Rob)ns.''n,  111.,   m  a  few  days. 

nurtley  Smith  has  finished  his  work  on  the  Burlington  R.  R.  at 
Benton.  111.     Has  10  teams  idle. 

Sheahan  Brora..  114  Kentucky  ..Vve..  Danville.  111.,  have  35,000  yards 
of  teain  work  to  let  at  that  point. 

Chas.  E.  VanWormer.  Springfield.  111.,  can  use  some  team  outfits  on 
several  different  road  jobs  in  Illinois. 

A.  V.  Fetter  &  Co.  will  begin  on  their  Government  revetment  and 
rip-rap  job  on  the  IMississippi  River  next  week. 

Mulvill  Bros.,  Alton,  111.,  has  a  small  force  account  job  on  the  Chi- 
cago &  Alton  H.  R.  in  western  Missouri  to  sublet.     They  are  going  to 
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finish  their  job  on  the  Burlington  it.  K.  at  West  Alton,  Mo.,  two  weeks 
ahead  of  contract  tTme. 

McCann  Bros.  Const.  Co..  Urand  Tower,  111.,  have  50,000  yards  of 
levee  work  in  Union  County,  111.,  to  sublet.  They  have  until  Jan 
1,  iai7,  to  complete  this. 

Wni.  c  Reed,  after  an  al>sence  of  over  three  years  from  St  Louis 
retiirn-d  heie  last  Friday.  Reed  has  been  superintending  a  lot  of 
bridge  and  concrete  work  In  Texas. 

Hampton  &  Hodge,  20th  and  Washington  Sts.,  Granite  City,  IlL 
are  in  tne  marliet  for  a  timher  clearing  job.  They  just  finished  a  ble 
job  of  this  kind  at  Wolf  Latie,  111.  * 

-V.  L:.  Koenig  and  lamily  spent  last  week  in  Chicago.  Koenig  missed 
calling  on  a  whole  lot  of  his  friends  while  there,  but  will  do  so  on  hU 
next  trip,  which  will  be  in  a  cojple  of  weeks. 

W.  P.  Rood,  manager,  and  T.  li.  Brogan,  the  hustling  representa- 
tives of  the  Hercules  Powder  Co.  here,  gave  us  a  pleasant  call  one  day 
last  week.     Lots  of  i-usiness  and*  looking  for  more. 

Chas.  Xagel  is  mcving  a  part  of  his  big  rock  outfit  to  Calhoun 
County,  III.  Is  going  to  furnish  rip-rap  to  the  Government  on  the 
Mississippi;  also  to  A.  V.  Fetter  &  Co.  during  the  season. 

The  Terminal  Railroad  Association  of  St.  Louis  has  acquired  five 
additional  blocks  of  ground  in  North  St.  Louis,  and  is  going  to  im- 
prove these  with  additioiical  switches  and  tracks  immediately. 

Carter  Const.  Co.,  2015  Railway  Exchange  Bldg.,  St.  Louis,  Mo.,  was 
awarded  the  ci  r-lract  lor  an  eight-mile  extension  of  the  Big  Four  R. 
It.  near  Harrisburg.  III.  It  !ias  130,000  yards  of  grading  to  sublet  on 
this  line  in  quantities  to  suit  outfits. 

E.  F.  Bush.  recei\  er  of  the  Missouri  Pacific-Iron  Mountain  Svstem, 
and  E.  J.  White,  solicitor  for  the  receiver,  were  in  Joplin,  iio.,  on 
Monday  for  a  conference  with  city  authorities  and  leading  commer- 
cial interests  there  relative  to  a  new  passenger  depot  and  freight 
depot  which  Ih ;  company  intends  to  erect  there.  The  improvements 
will  be  modern  in  every  detail,  and  greatly  increase  the  facilities  for 
handling  traffic.     The  two  depots  will  cost  approximately  $100,000. 

A.  B.  KOEXIG. 

PERSONALS. 

Charles  A.  Winston  has  been  appointed  town  engineer  and  sur- 
veyor of  West  Orange,   N.  J. 

Frank  V.  p.  Ellsw  orth  iias  resigned  his  position  as  assistant  city 
engineer   of  ,San  Antonio,   Tex. 

The  Providence  Engineering  Society  of  Providence  has  opened  club 
rooms  at  Waterman  and  Benefit  streets. 

S.  C.  ^loore,  secretary  of  the  Commercial  Club  of  Glasgow,  Mont., 
has  been  appointed  city  manager  of  that  city. 

Fred  Slater  iias  been  elected  vice-president  and  general  manager  ' 
of  the  Texas  Light  &  Power  Company  of  Dallas.  Te.x. 

Frank  G.  White  has  been  appointed  engineer  of  the  State  Board  of 
Harbor  Commissioners  of  California,  with  headquarters  at  San  Fran- 
cisco. 

Mayor  R.  D.  Waugh  of  Winnipeg,  Man.,  has  been  appointed  chair- 
man of  the  Commission  of  the  Greater  Winnipeg  \\'ater  District, 
succeeding  the  late   S.    H.   Reynolds. 

Myron  A.  Bantrell  has  been  appointed  engineer  and  chemist  of 
the  Brighton  sewage  disposal  plant  of  Rochester,  N.  Y.  Mr.  Bantrell 
has  held  a  temporary  appointment  in  this  position  for  some  time. 

George  D.  Marshall.  United  States  Office  of  Public  Roads,  has  been 
assigned  to  Texas,  under  the  direct  supervision  of  the  Governor,  to 
act  as  state  hi8h\\  ay  engineer  as  far  as  the  present  law  of  that  state 
will  permit. 

Thomas  G.  Bush,  formerly  assistant  state  highway  commissioner  of 
Washington,  is  now  engaged  in  the  contracting  and  wholesale  build- 
ing material  business,  with  offices  in  Spokane.  The'  firm  name  is 
Thomas  G.   Bush  &   Co. 

C.  D.  LivinfSiton.  heretofore  instructor  of  agricultural  engineering 
of  the  Univei-sity  of  Wisconsin,  has  been  promoted  to  the  rank  of 
assistant  professor.  Herbert  D.  Orth.  instructor  in  engineering,  also 
has  been  promoted  to  the  rank  of  assistant  professor. 

R.  B.  Murdock.  roadmaster  of  Coos  County,  Oregon,  has  been  ap- 
pointed assistant  engineer  for  the  State  Highway  Department  and  will 
have  charge  of  sur\-eys  to  be  made  for  highway  worlv  in  this  county, 
for  which  a  bond  issue  of  5362,000  was"  voted  recently. 

E.  W.  Scheer.  Superintendent  of.  the  Indiana  Division  of  the  Balti- 
more &  Ohio  Railroad.  \\  ith  headquarters  at  Seymour.  Ind.,  has  been 
made  general  superintendent  of  the  system,  with  headquarters  at  Cin- 
cinnati, succeeding  R.  N.  Bergien,  promoted  to  be  chief  engineer  of  the 
railroad. 

L.  B.  Allen  has  been  appointed  general  superintendent  of  the 
central  division  of  the  (Chesapeake  &  Ohio  Railroad,  succeeding  J. 
Paul  Stevens,  who  has  been  promoted  to  general  manager.  For  sev- 
eral years  past  ^Ir.  Allen  has  been  division  engineer  of  the  railroad 
with  headquarters  at  Ashland. 

Joseph  .A.  W'est,  formerly  chief  engineer  of  the  Ogden  Rapid  Tran- 
sit Company  of  Ogden,  Utali,  and  the  Ogden,  Logan  &  Idaho  Railway, 
has  been  appointed  chief  engineer  of  the  Sumpter  Valley  Railroad  of 
Oregon,  and  will  have  charge  of  the  survey  and  construction  of  sev- 
eral  important  extensions  into   the   timber  country. 

A.  M.  Morrison  of  the  Canadian  Bngineers  of  the  British  Army, 
has  been  avvaided  the  Distinguished  Conduct  Medal  for  conspicu- 
ous gallantry.  He  also  has  received  a  commission  as  lieutenant  in 
the  Canadian  Engineers.  At  tlie  outbreak  of  the  war  Mr.  Morrison 
was  an  engineer  engaged  in  the  construction  of  the  Pacific  Great 
Eastern  Railway  in  British  Columbia. 

The  State  Association  of  Planning  Commissions  of  Pennsylvania 
has  been  organized.  A.  B.  Farquhar  of  York.  Pa.,  is  president;  Edwin 
S.  Herman,  chairman  of  the  Harrisburg  Commission,  is  vice-president; 
J.  Herman  Kmsely,  chief  of  the  division  of  municipal  statistics  of  the 
State  Department  of  Labor  and  Industry  of  Pennsylvania,  is  secre- 
tary; John  K.   Stauffer,  Reading,   Pa.,  is  treasurer. 

Pv.  E.  Koon.  of  J.  B.  c!t  R.  E.  Koon.  civil,  hydraulic  and  sanitary 
engineers,  Portland,  Ore.,  will  have  personal  charge  of  the  engi- 
neering work  during  the  construction  of  the  new  municipal  water 
supply  pipe  line  for  the  City  of  Everett.  The  line  will  conduct  water 
from  the  Sultan  River  to  the  city,  a  distance  of  26  miles.  The  cost 
of  the  project  will  be  about  $600,000  and  will  probably  be  completed 
in  the  fall  of  1917.     Contract  for  the  work  was  let  on  June  5. 


OBITUARY. 

Charles  Anderson,  a  highway  contractor,  died  July  S  at  his  home 
at  Ellensburg,  Wash. 

B.  Franklin  Bonham.  a  genei-al  contractor  of  Philadelphia,  Pa., 
died  July  S  at  his  home  in  that  city,  at  5003  Catharine  street. 

M.  .A.  Pigott.  a  well  known  railway  and  building  contractor  of 
Hamilton,   Ont.,    died  suddenly,   July  5,   at  his  iiome   in   Hamilton. 

Alfred  O.  Kemmer,  a  mining  engineer  of  Chicago,  was  drowned 
July  4  while  swimming  in  Olympia  Park  Lake  at  Nevada  City,  Cal. 

J.  Crowell  Mundy,  formerly  general  superintendent  of  works  of 
Newark.  N.  J.,  died  July  10  at  his  home,  259  Belleville  avenue.  Mr. 
Mundy  also  was  formerly  engaged  in  the  general  contracting  business. 
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ANNOUNCEMENT     OF     THE     BUILDING     AND 
STRUCTURAL   MONTHLY    ISSUE   OF    "ENGI- 
NEERING AND  CONTRACTING." 

Beginning  this  issue  all  articles  relating  to  what  may 
be  broadly  designated  as  structural  engineering  will  be 
published  the  fourth  Wednesday  of  each  month.  This 
will  be  known  as  the  Building  and  Structural  Monthly 
issue  of  "Engineering  and  Contracting." 

Structural  engineering  is  perhaps  not  an  ideal  term, 
since  an  earth  embankment  and  a  pavement  are  quite  as 
truly  structures  as  are  buildings  and  bridges.  But  the 
term  structural  has  come  to  have  a  more  restricted 
meaning  in  engineering  parlance  than  in  general  usage. 
Structural  engineering  embraces  the  design  and  erection 
of  all  framed  structures  to  which  the  science  of  strains 
and  stresses  is  applicable,  such  as  roof  trusses,  beams, 
columns,  bridge  trusses,  arches,  towers,  etc. 

The  structural  engineer  at  present  works  mainly  with 
steel  as  the  skeleton  part  of  the  structures.  But  the 
investiture  with  which  the  skeleton  is  clothed  may  be 
varied — concrete,  tile,  stone  masonry,  what  not. 

When  the  structural  engineer  confines  his  work  to 
buildings  only,  he  is  often  called  an  architectural  engi- 
neer, and  when  he  specializes  in  bridges  he  is  a  bridge 
engineer,  those  being  the  two  largest  branches  of  struc- 
tural engineering. 

There  has  been  no  periodical  devoted  to  structural  engi- 
neering. In  common  with  other  civil  engineering  papers, 
"Engineering  and  Contracting"  has  for  ten  years  pub- 
lished articles  every  week  on  structural  engineering 
topics.  But  we  believe  that  an  era  of  development  toward 
a  more  specialized  publication  is  about  to  begin,  and 
that  a  periodical  devoted  entirely  to  structural  engineer- 
ing should  now  be  issued.  Accordingly  it  has  been  decid- 
ed to  devote  to  the  fourth  issue  of  "Engineering  and  Con- 
tracting" each  month  to  articles  on  structural  engineering, 
and  to  cali  that  number  the  Building  and  Structural 
Monthly.  The  subscription  price  of  this  monthly  issue  is 
%\  a  year,  but,  as  stated  on  the  front  cover,  it  may  be 
secured  in  combination  with  any  of  the  other  three  month- 
ly issues  of  "Engineering  and  Contracting"  at  75  ct.  each 
per  annum. 

The  construction  news  will  of  course  continue  to  be 
published  weekly,  and  this,  together  with  the  four  special- 
ized issues  of  articles  each  month,  can  be  secured  for 
$3  a  year. 

In  the  future  as  in  the  past  we  shall  not  confine  our 
articles  to  the  design  of  structures,  but  shall  discuss 
methods  of  erecting  them,  giving  considerable  space  to 
illustrating  and  describing  erecting  appliances,  methods 
and  costs.  For  the  most  part  the  articles  will  be  short, 
each  dealing  with  a  specific  problem.  It  is  hoped  thus 
to  be  of  greatest  aid  to  the  busiest  structural  engineer  and 
builder. 

We  realize  that  upon  starting  this  type  of  monthly  arti- 
cle service  in  this  field  we  shall  not  immediately  attain 
even  our  own  ideals.  But  with  the  aid  of  the  kindly  criti- 
cism of  our  readers  we  shall  unquestionably  come  pro- 
gressively closer  to  our  goal. 


A  PASSING  GENERATION. 


Ry.  is  rebuilding  its  bridge  across  the  Ohio  River.  The 
reconstruction  has  recently  been  completed  of  the  Keokuk, 
Iowa,  bridge  crossing  the  Mississippi  River.  The  Louis- 
ville Bridge  was  built  in  1869  by  Albert  Fink,  that  at 
Keokuk  was  completed  a  year  later,  1870,  by  J.  H.  Lin- 
ville.  Mr.  Linville  also  built  the  Cincinnati  Bridge  in 
1877.  Fink  and  Linville  and  their  truss-systems  and 
their  long  lists  of  bridges  built  belong  to  a  passing  genera- 
tion. In  a  great  book  on  bridge  engineering  just  pub- 
lished the  author,  a  noted  bridge  engineer,  says:  "A 
modern  steel  bridge  carefully  designed  by  a  first  class 
bridge  engineer,  constructed  under  proper  supervision 
and  thoroughly  painted  from  time  to  time,  will  last  for 
an  indefinitely  long  period,  even  if  it  be  materially  over- 
loaded." So  believed  the  bridge  builders  of  the  seventies, 
with  less  justification  perhaps,  but  just  as  earnestly. 


HYDRATED  LIME  IN  CONCRETE  BUILDING 
CONSTRUCTION. 

No  admixture  to  cement  for  concrete  construction  has 
met  with  greater  general  favor  in  recent  years  than 
hydrated  lime.  It  is  a  commercial  product  promoted  by 
an  unusually  alert  publicity  bureau.  The  promotion  work 
has  advanced  the  use  of  the  material,  and  also,  as  all  vig- 
orous promotion  does,  has  given  it  somewhat  the  reputa- 
tion of  a  nostrum.  This  is  an  unfortunate  occurrence. 
Engineers  are  wary  of  ani.'thing  that  smacks  of  a  cure-all. 
Entirely  wrongly,  we  believe,  hydrated  lime  has  obtained 
this  savor,  and  as  a  consequence  its  use  is  shunned  often 
when  it  would  serve  an  excellent  purpose.  Hydrated  lime 
is  a  building  material  as  natural  in  origin  and  in  produc- 
tion as  is  cement.  It  is  even  more  free  from  active  de- 
structive effects  upon  other  materials  normally  used  in 
combination  with  it  in  building  than  is  cement.  Com- 
bined with  cement  hydrated  lime  is  technically  an  adul- 
terant. Here,  again,  its  appellation  has  begotten  fear. 
Adulteration  has,  for  obvious  reasons,  become  anathema. 
Nevertheless  adulteration  often  serves  a  good  purpose. 
Steel  to  which  a  small  percentage  of  nickel  has  been  added 
is  in  a  sense  adulterated  steel;  yet  for  many  purposes  it 
is  a  better  material  than  "straight"  steel.  Portland  ce- 
ment to  which  hydrated  lime  has  been  added  is  similarly 
an  adulterated  cement,  but  it  has  qualities  which  the 
"straight"  cement  does  not  have.  Mixed  with  water  and 
sand  it  furnishes  a  much  smoother  working  mortar.  A 
concrete  made  of  it  is  denser  and  more  impervious;  it  is 
less  likely  to  suffer  segregation  in  handling  and  placing; 
it  runs  easier  in  chutes  and  spouts;  it  works  better  into 
the  forms.  These  are  all  demonstrated  facts,  and  they 
are  facts  of  importance  to  the  concrete  builder.  They 
should  excite  his  attention  to  the  possibilities  of  service 
which  hydrated  lime  offers. 


The  Pennsylvania  Co.  has  begun  reconstruction  of  its 
bridge  across  the  Ohio  River  at  Louisville,  Ky.  At  Cin- 
cinnati, 0.,  the  Cincinnati,  New  Orleans  &  Texas  Pacific 
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A   PROPOSED   AMERICAN   SOCIETY   OF   STRUC- 
TURAL ENGINEERS. 

Along  with  the  tendency  to  consolidation  of  engineer- 
ing societies  there  remains  an  even  greater  tendency  to 
increase  the  number  of  special  technical  associations. 
This  is  evolution — integration  concurrent  with  differen- 
tiation. For  certain  purposes  all  engineers  should  unite. 
For  other  purposes  they  should  act  in  separate  groups. 

There  are  societies  of  road  builders,  of  municipal  engi- 
neers, of  water  works  engineers  and  managers,  of  railway 
engineers,  and,  indeed,  of  every  major  division  of  civil 
engineering    practice    save    one — structural    engineering. 
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We  believe  the  time  is  ripe  for  the  organization  of  a 
national  society  of  structural  engineers. 

Structural  engineers  engaged  in  the  design  and  erec- 
tion of  buildings  have  long  felt  the  necessity  of  organized 
effort  to  secure  much  needed  recognition  both  from  legis- 
lators and  the  public.  In  many  states  there  are  laws  that 
prevent  any  one  save  a  "licensed  architect"  from  having 
charge  of  the  design  of  large  buildings.  Such  laws  are 
the  relic  of  a  pre-engineering  age,  and  should  either  be 
changed  materially  or  abolished  entirely.  A  strong  asso- 
ciation of  structural  engineers  could  soon  bring  about 
the  desired  changes  in  restrictive  statutes  of  this  sort. 

There  is  of  course  a  much  greater  need  of  collective 
action  on  the  part  of  structural  engineers  to  educate  the 
general  public,  and  particularly  that  part  of  the  public 
called  "owners,"  as  to  the  limitations  of  most  architects 
and  their  dependence  upon  structural  engineers  in  de- 
signing nearly  all  types  of  commercial  buildings.  Rein- 
forced concrete  and  steel-frame  buildings  were  originated 
by  American  engineers,  and  their  introduction  was 
effected  mainly  through  the  individual  efforts  of  struc- 
tural engineers  and  builders,  architects  assisting  but  lit- 
tle in  persuading  "owners"  to  adopt  these  types  of  build- 
ings. 

Although  many  "owners"  have  come  gradually  to  recog- 
nize the  fact  that  about  90  per  cent  of  the  designing  of 
a  commercial  building  consists  in  solving  engineering 
problems,  and  although  many  engineers  are  now  acting 
as  architects  of  such  buildings,  there  still  remains  a  big 
educational  task  to  be  undertaken  by  those  who  hope  to 
see  structural  engineers  in  more  general  managerial 
charge  of  the  design  of  commercial  buildings.  This  edu- 
cational work  alone  justifies  the  existence  of  a  national 
society  of  structural  engineers. 

We  believe  that  with  the  growth  of  public  opinion 
favorable  to  placing  the  design  of  commercial  buildings 
in  the  hands  of  engineers  there  will  follow  many  radical 
innovations  in  the  design  of  other  buildings,  such  as 
residences.  The  training  of  architects  always  has  been 
and  still  remains  largely  a  training  in  art  as  applied  to 
building  design.  This  is  well  brought  out  by  such  state- 
ments as  the  following: 

Vitiuvius  lavs  down  three  qualities  as  indispensible  in  a  fine  build- 
'ns-  stability,  utllitv,  beautv.  From  'an  architectural  point  of  view 
the  last  is  the  principal,  though  not  the  sole  element:  and.  accordingly, 
the  theory  of  architecture  is  occupied  for  the  most  part  with  sesthetic 
lonsidera'tions.  or  the  principles  of  beauty  in  designing. — Encyclopsedia 
Brlttanica. 

But  we  need  not  turn  to  the  latest  encyclopedia  for  an 
authoritative  expression  of  what  constitutes  the  predom- 
inant element  in  architectural  training.  It  may  perhaps 
best  be  seen  in  current  architectural  magazines,  whose 
main  appeal  is  through  handsome  halftones  and  beautiful 
sketches. 

Our  purpose  is  not  to  decry  art  in  any  form,  but  we 
do  insist  that  it  is  really  as  incongruous  to  commission 
an  architect  to  design  a  railway  bridge  as  to  design  a 
mill  building.  Art  in  commercial  buildings  should  be 
subordinate  to  economic  utility.  The  engineer  is  pri- 
marily an  economist,  and  in  almost  every  other  engineer- 
ing field  save  building  design,  engineers  have  gone  a 
very  long  way  toward  convincing  the  public  that  to  en- 
gineers should  be  intrusted  the  design  of  those  struc- 
tures and  machines  that  are  to  serve  a  commercial  pur- 
pose with  greatest  economy. 

Herbert  Spencer  in  his  essay  on  "Education"  said  that 
ornament  preceded  utility  in  the  evolution  of  clothing  and 
that  the  same  order  of  evolution  is  to  be  seen  in  educa- 
tion. While  buildings  were  probably  first  evolved  by 
erecting  walls  across  the  mouths  of  natural  caves,  and 
therefore  in  that  case  utility  preceded  ornament,  in  the 
course  of  time  art  began  to  overshadow  utility.  Witness 
most  of  our  public  buildings  to  this  day — piles  of  stone, 
extravagant  in  cost,  seldom  suitable  for  their  functions 
and  always  costly  in  the  extreme. 

The  time  has  come  to  put  more  engineering  into  all 
kinds  of  architecture.  To  accomplish  this  end  we  must 
put  more  engineers  into  the  building  field,  both  as  super- 
visory designers  and  as  contractors. 

The   editor  will   be   pleased  to  hear   directly  from  all 
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those  who  are  interested  in  the  foundation  of  a  society 
of  structural  engineers.  Suggestions  as  to  its  organiza- 
tion and  its  functions  should  be  given.  If  the  response  to 
this  appeal  warrants  such  action,  the  editor  will  give 
further  publicity  to  the  project  and  will  issue  a  call  for 
applicants  for  membership. 


BRIDGE    TESTS    AT    THE    MINNESOTA    STATE 
FAIR. 

A  State  Fair  bridge  test  is  one  of  the  educational 
"stunts"  of  the  Minnesota  Highway  Commission  and  one 
which  seems  deserving  of  imitation  by  other  state  road 
departments.  Briefly,  the  engineers  of  the  commission 
have  built  on  the  State  Fair  Grounds  a  concrete  bridge 
and  during  the  week  of  the  fair  experts  from  the  Experi- 
mental Laboratories  of  the  University  of  Minnesota  will 
conduct  tests  daily,  the  final  test  on  the  last  day  of  the 
fair  being  a  destructive  load  to  exhibit  ultimate  strength. 
As  the  test  proceeds  from  day  to  day  the  results  will  be 
bulletined.  While  the  highway  commission  engineers  ex- 
pect to  gain  from  the  test  information  which  will  be  of 
aid  in  developing  standard  plans  the  main  purpose  of  the 
test  is  to  give  township  and  county  officials  visual  evi- 
dence of  the  strength,  appearance  and  economic  merit  of 
bridge  construction  of  permanent  character. 


THE  STRUCTURAL  ENGINEER  AND  HIS  FUTURE. 

The  early  schools  of  civil  engineering  gave  precedence 
to  structural  engineering  over  all  other  branches  of  civil 
engineering.  This  arose  quite  naturally  from  the  fact 
that  mathematical  analysis  was  not  applicable  to  as  great 
a  degree  in  any  other  branch,  if  we  except  hydraulics. 
Consequently  bridge  engineering  counted  among  its 
specialists  many  of  the  ablest  graduates  of  those  early 
engineering  schools. 

With  the  growth  of  large  bridge  companies  and  the 
coincident  standardization  of  bridge  plans  by  railway 
companies,  came  a  wave  in  prosperity  for  most  independ- 
ent engineering  practitioners  who  specialized  in  bridges. 
But  about  the  same  time  there  began  to  emerge  a  new 
type  of  engineer,  the  "architectural  engineer,"  who  saw 
in  the  growing  use  of  steel  and  concrete  for  buildings  a 
chance  to  create  a  profitable  market  for  his  services. 
Structural  engineering  applied  to  buildings  has  steadily 
increased  in  importance  and  is  destined  to  revolutionize 
all  architecture,  even  that  relating  to  the  smaller  resi- 
dences and  commercial  buildings.  We  believe,  in  fact, 
that  structural  engineers  may  confidently  anticipate  an 
era  of  great  prosperity  for  executive  engineers  engaged 
in  the  design  and  construction  of  buildings  of  a  "fire- 
proof type" — those  made  of  reinforced  concrete,  steel 
frame,  tile,  etc. 

Two  steps  should  soon  be  taken  toward  accelerating 
prosperity  in  the  structural  field. 

First,  there  should  be  organized  a  national  society  of 
structural  engineers.  Second,  campaigns  of  publicity 
should  be  undertaken  to  hasten  the  elimination  of  build- 
ings that  ai"e  not  fireproof  or  fire  resistant. 


ENGINEERING     GRADUATES     FAITHFUL     TO 
ENGINEERING. 

Only  one  engineering  school  graduate  out  of  ten  follows 
another  vocation  than  engineering  and  only  six  out  of 
ten  leave  their  home  states  to  practice  their  profession. 
These  figures  are  only  approximate,  but  they  are  based 
on  more  precise  data  collected  from  some  fifty  engineer- 
ing colleges  by  Professors  Patten  and  Bowerman  of  the 
Kansas  State  Agricultural  College.  Exactly  90.1  per  cent 
of  the  graduates  of  the  fifty  engineering  schools  included 
in  the  investigation  remain  in  the  occupations  for  which 
they  were  prepared.  Geographically  the  variation  is  as 
follows:  North  Atlantic  states,  87  per  cent;  South  At- 
lantic states,  85  per  cent;  North  Central  states,  94  per 
cent;  Western  states,  86  per  cent,  and  South  Central 
states,  90  per  cent.  The  numbers  of  graduates  remain- 
ing in  their  native  states  after  graduation   are,  respec- 
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tively:  42  per  cent,  44  per  cent,  41  per  cent,  43  per  cent 
and  27  per  cent.  The  percentages  are  not  particularly 
illuminating  except  in  their  certain  demonstration  that 
engineers  are  remarkably  faithful  to  their  schooling  and 
are  not  nearly  such  migratory  beings  as  is  frequently  as- 
sumed. 


THE  HOUSE  THAT  ENGINEER  BUILT. 

Everyone  knows  the  story  of  the  house  that  Jack  built. 
This  is  the  story  of  the  house  that  engineer  built  and  it 
has  never  before  been  written.     Engineer  was  young  and 
his  ambitions  in  regard  to  a  house  were  modest  because 
all  engineers   are  modest   and  this   engineer  had   also  a 
modest   income   and   a  modest    bank    account,   and    war 
was  abroad  in  the  world  and  hopes  of  the  near  future  for 
activity    in    the   peaceful    pursuits    of   engineering   were 
modest.     Engineer  had   given   a  hostage  to  fortune  and 
with  a  provident  eye  to  the  future  wanted  a  house  with 
a  good  safety  factor  of  roominess — such  a  factor  as  would 
postpone    functional    obsolescence   until   means   had   ac- 
cumulated   for    reequipment.     Architects    and    builders 
stood  eager  to  serve,  but  their  service  could  not  be  equated 
with   Engineei-'s   financial   possessions   and   expectations. 
They  could  think  only  in  terms  of  results.    Engineer  must 
think  also  in  terms  of  means;  of  how  to  do  well  w-ith  one 
dollar  what  the   builder  and  the  architect  were  willing 
to  attempt  with  two  dollars.     And  naturally  he  thought 
as  an  engineer.    Here,  said  he,  is  essentially  an  engineer- 
ing structure  designed  to  be  architecturally  sightly.    How 
without   altering   the   sightliness   that   the   architect   has 
given  it  can  I  better  the  engineering  of  this  structure? 
I  will  analyze  and  redesign.     And  Engineer  did  so.    Here 
he  substituted  a  girder  for  a  wall,  there  he  reduced  a 
section  by  a  stiffener  or  a  strut,  and  so  with  many  de- 
vices he  decreased  materials  and  labor.     Then  he  made 
new  structural   plans   in   detail.     If  this   house    were    a 
bridge,  said  Engineer,  I  should  so  schedule  my  material 
and  structural  parts  that  nothing  or,  at  most  little,  should 
come  onto  the  work  for  which  there  was  not  a  place  in 
the  bridge  and  ever>i;hing  possible  should  come  onto  the 
work  in  such  form  that  it  would  fit  exactly  its  place.   Also 
I  should  have  the  mill  assemble  the  parts  in  the  largest 
units  possible  to  ship  to  the  work  and  readily  to  be  han- 
dled on  the  work.     I  will  try  the  same  plan    with    my 
house,   said  Engineer,  and  he   did.     Then  he  went  to  a 
builder  and  hired  him  to  erect  the  house  and  the  house 
was  built  and  the  editor  who  lived  across  the  way  watched 
the  building  and  talked  with  Engineer  and  his  builder. 
Said  the  builder:     "It  is  the  neatest  job  I  ever  did.    That 
house  went  together  like  a  child's  puzzle  game.     There 
wasn't  a  cart  load  of  waste.     And  I  made  good  wages." 
Said  Engineer:  "How  much  do  you  think  the  house  stands 
me   in?      Five    thousand    dollars?      Well,    materials    and 
wages  have  gone  up,  but  Mr.  Builder  and  I  will  dupli- 
cate the  house  for  you  for  $4,600  and  take  our  chances 
at  making  wages  out  of  the  job."    And  the  editor,  listen- 
ing and,  as  is  the  nature  of  editors,  thinking  how  this 
that  he   had   witnessed   and  heard  might   be   utilized   in 
fabricating  his  weekly  offering  to  his  subscribers,  decided 
to  tell  the  story.    And  now  the  editor  asks:    If  Engineer 
was  able  to  save  for  himself  by  better  engineering  design 
and  planning,  say  10  per  cent  in  the  cost  of    a    $5,000 
house,  why  should  he  not  as  a  house  builder  be  able  to 
save  some  part  of  this  percentage  for  a  client?     He  is 
able,  for  this  house  as  planned  originally  was  no  differ- 
ent, at  least  no  worse,  as  an  engineering  structure  than 
thousands  of  houses  that  are  planned  everj'  year.    Why 
then  should  not  engineers  find  profitable  opportunity  in 
house  building?    As  we  have  said  elsewhere  in  this  issue, 
we  believe  that  they  should  find  this  opportunity  in  all 
kinds  of  building  construction. 
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contractor  is  now  paying  the  following  wages  per  8-hr. 
day:  Bricklayer,  $10;  shovel  engineman,  $8.33;  dinkey 
engineman,  $6;  men  trimming  trench  sides  and  bracing, 
$4.60;  laborer;  $3.20. 

Only  a  few  years  ago  skilled  drillrunners,  carpenters 
and  other  "mechanics"  were  envied  by  laborers  for  their 
"three  per,"  and  now  those  laborers  are  themselves  in  the 
high-wage  class  and  kicking  for  more.  They  will  ulti- 
mately get  more  and  they  will  deserve  to  if  they  join  the 
efficiency  movement,  doing  all  in  their  power  to  aid  in 
the  introduction  of  labor  saving  methods  and  devices. 


THE    COMMERCIAL    DESIGNER-BUILDER 
REINFORCED  CONCRETE  BUILDINGS. 


OF 


HIGH  WAGES  IN  CHICAGO. 

In  Chicago,  and  indeed  in  all  the  very  large  cities,  the 
wages  of  workmen  employed  by  public  works  contractors 
have  attained  a  level  so  high  as  to  make  many  a  civil 
engineer  envious.     For  example  on  a  brick  sewer  job  the 


Francis  Hennibique  in  Europe  did  more  perhaps 
than  any  other  one  man,  perhaps  more  than  all  other  men, 
in  the  early  days  of  the  new  material  two  decades  ago  to 
place  reinforced  concrete  building  on  a  parity  with  build- 
ing construction  of  older  materials  and  forms.  In  America, 
Ernest  L.  Ransome  performed  much  the  same  task 
that  Hennibique  performed  in  Europe.  Both  of  these 
men  were  designer-builders.  We  might  almost  call  them 
merchandisers  of  buildings.  They  designed  and  con- 
structed buildings  to  order  and  they  also  by  promotion 
and  advertising  developed  the  orders.  Hennibique  in  Eu- 
rope and  Ransome  in  America  were  followed  by  a  host 
of  others  in  the  field  which  they  had  exploited.  Names 
that  occur  out  of  hand  are  Leonard  Wason,  the  Turner 
Construction  Co.,  the  Kahns  of  Detroit,  the  Ferro-Con- 
crete  companies  of  Baltimore  and  Cincinnati.  All  of 
these  builders  are  yet  in  the  field  and  the  structures  that 
are  their  work  must  number  into  the  hundreds.  With 
rare  exceptions  also  these  structures  are  of  a  character 
to  which  any  builder  might  point  with  satisfaction. 

Nine  years  ago  in  these  columns  we  wrote  in  defense 
of  these  commercial  designer-builders  in  reinfo>-ced  con- 
crete and  demanded  as  their  right  high  merit  for  the  de- 
velopment of  reinforced  concrete  as  a  practical  and  eco- 
nomic construction  for  buildings.  In  this,  our  first 
Bridges  and  Structural  monthly  issue,  we  wish  again  to 
ask  their  just  meed  of  praise  for  these  men  and  to  present 
their  example  as  argument  for  assumption  by  the  engi- 
neer of  his  rightful  place  in  building  construction.  The 
men  named  and  the  men  who  captained  the  firms  named 
above  were  engineers  before  they  were  building  contract- 
ors. They  became  building  contractors  because 
in  this  way  only  could  the  new  building  mate- 
rial, the  possibilities  of  which  they  as  engineers  for- 
saw,  obtain  a  hearing  and  recognition.  With  architects 
it  was  taboo.  Building  departments  gave  it  reluctant 
recognition  only  after  years  of  struggle.  Ransome  and 
Turner  and  Wason  and  Kahn  and  Anderson  and  men  of 
their  brotherhood  established  reinforced  concrete  as  a 
building  construction  material  in  America.  They  did  it 
as  commercial  designer-builders.  To  the  architect  the 
accomplishment  owes  practically  nothing.  Even  in  his 
own  field  of  aesthetics  he  has  been  a  follower  in  devel- 
oping the  opportunity  which  the  plasticity  of  concrete 
offers  for  beautiful  line  and  surface.  Most  of  the  real 
art  development  in  concrete  has  come  from  our  city  park 
departments  and  the  commercial  producers  of  cast  stone. 

The  engineer  is  the  logical  building  constructor.  His 
is  the  knowledge  of  structural  forces  and  of  the  princi- 
ples of  balancing  them,  and  his  is  the  knowledge  of  the 
structural  qualities  of  materials.  Herein  is  the  reason 
why  the  engineer  perceived  the  possibilities  of  rein- 
forced concrete  for  buildings  and  the  architect  did  not. 
Herein  also  is  the  reason  why,  if  building  structure  is  to 
advance,  the  engineer  must  be  the  pioneer.  Why  should 
he  not  reap  the  rewards  of  his  labors  by  assuming  the 
work  of  building.  Because  he  did  this  in  reinforced  con- 
crete building  we  have  a  high  development  within  a  score 
of  years  of  that  type  of  building.  The  engineers  whose 
names  we  have  written  and  their  disciples  deserve  credit 
for  a  great  accomplishment — they  pushed  outward  the 
boundaries  of  opportunity  for  the  engineer. 
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'.'BRIDGE  ENGINEERING."* 

It  seems  now  a  long  time  since  there  came  to  the 
writer's  desk  for  review  a  small  book  bearing  the  curious 
title  "De  Pontibus."  The  book  was  pocketed,  and  at  odd 
moments  on  train  and  in  hotel  rooms  during  a  succeeding 
business  journey  it  was  read.  Eighteen  years  later  the 
confession  will  not  be  taken  amiss  that  the  reader  was 
perple.xed  by  the  book.  Habituated  to  the  conventional 
text  book  on  bridges  then  universal  and  since  not  too 
often  varied,  the  virile  individualism  of  "De  Pontibus" 
required  association  to  establish  the  volume  as  an  entirely 
proper  acquaintance.  Always  the  invitation  to  a  knowl- 
edge of  bridge  engineering  had  been  couched  in  formal 
third  person;  here  was  a  writer  who  used  the  colloquial 
first  person  in  bidding  one  to  his  table.  To  be  sure  the 
entertainment  was  lavish,  but  was  it  quite  proper  form 
for  the  host  to  assert  its  qualities?  Is  this  a  fanciful 
reason  for  the  "caution"  with  which  "De  Pontibus"  when 
first  published  was  greeted?  Perhaps;  yet  the  writer 
has  come  to  believe  that  it  was  the  greater  part  of  any 
reason  that  existed.  These  first  impressions  of  "De  Ponti- 
bus" are  recalled  at  this  time  because  its  gifted  author 
now  addresses  his  profession  in  a  much  greater  book 
called  "Bridge  Engineering"— a  sublimated  "De  Ponti- 
bus." 

"Bridge  Engineering"  the  author  considers  "to  be  the 
most  important  work  of  his  entire  professional  career." 
In  it  the  author  has  aimed  to  give  his  readers  "all  the  in- 
formation that  he  has  been  able  to  accumulate  during  a 
practice  of  forty  years."  These  statements  presage  a 
book  of  size.  "Bridge  Engineering"  is  a  very  large  book 
—80  chapters,  2177  pages,  1,000,000  words,  540  illustra- 
tions, 90  tables  are  the  enumeration.  Further  cataloging 
of  contents  goes  beyond  our  space.  Moreover,  such  a 
measure  of  the  book  no  more  expresses  its  real  character 
than  does  the  cubature  of  a  man's  brain  define  his  per- 
sonality and  his  predominant  intellectual  possession. 

The  outstanding  feature  of  "Bridge  Engineering"  is 
the  catholicity  with  which  its  subject  is  regarded.  A 
bridge  engineer  is  many  things  besides  a  technician.  He 
is  a  promoter,  a  business  man,  a  financier,  an  economist, 
an  employer,  an  arbitrator,  an  artist,  a  conservator  of 
professional  ethics  and  a  man.  In  this  book  his  manner 
of  performing  all  these  roles  is  considered.  Its  chapter 
titles  include  Ethics  of  Bridge  Engineering,  Bridge  Engi- 
neering Fees,  Arbitration,  Promotion  of  Bridge  Projects, 
Responsibility  of  the  Bridge  Engineer,  with  the  more 
usual  titles.  Methods  of  Stress  Computation,  Impact 
Loads,  Deflections.  The  author  tells  how  to  analyze 
stresses,  but  he  also  tells  what  one's  duty  as  a  bridge  en- 
gineer is  to  assistants,  to  the  public,  to  his  client  and  to 
himself.  His  discussion  of  secondary  and  indeterminate 
stresses  is  precise,  but  no  more  carefully  so  than  his  dis- 
cussion of  the  legal,  financial  and  moral  responsibilities 
of  bridge  engineers.  These  things  make  this  book  a 
treatise  on  bridge  engineering  which  is  much  more  than 
a  treatise  on  bridge  design  and  construction. 

Second  only  to  its  scope  is  the  liberality  with  which 
"Bridge  Engineering"  bestows  its  author's  accumulation 
of  working  data.  The  volume  of  these  alone  would  make 
any  book  on  bridges  notable.  No  count  is  practicable  of 
the  contained  tables  and  diagrams  of  costs,  loadings, 
weights,  quantities  and  economic  functions,  but  they  run 
well  into  the  hundreds.  This  feature  of  the  book  stretches 
its  usefulness  beyond  the  bridge  engineer  as  a  technician 
to  the  e.xecutive  heads  of  railways  and  municipalities — 
to  presidents,  general  managers,  mayors  and  public  works 
department  heads.  As  a  book  of  reference  "Bridge  En- 
gineering" presents  a  wider  claim  for  use  than  do  books 
more  closely  confined  to  the  technicalities  of  bridge  de- 
sign and  erection  and  of  materials  of  construction. 

"Bridge  Engineering"  is  called  in  a  preceding  para- 
graph a  sublimated  "De  Pontibus."  It  exhibits  the  same 
individuality  of  thought,  the  same  personal  outlook,  the 
same  candid  self-esteem.  It  is  just  as  frank  in  its  con- 
demnation and  praise,  and  just  as  bold  in  its  advance  be- 
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yond  accepted  practice.  Its  style  is  of  the  same  naivete. 
To  the  reader  surfeited  with  engineering  literature  shorn 
of  every  phrase  and  word  not  a  mechanical  necessity  to 
comprehension,  this  free  style  is  welcome.  One  feels  as 
if  listening  to  the  functioning  in  speech  of  the  human 
mind,  and  not  merely  witnessing  the  functioning  in 
printed  characters  of  a  computing  machine.  One  likes, 
even  in  a  technical  treatise,  enough  garrulity  to  let  him 
touch  something  of  the  personality  of  the  author.  A  text 
book  of  bridge  engineering  has  as  little  individuality 
usually  as  a  table  of  logarithms,  which  does  not  make  it 
a  better  text  book  and  does  make  it  a  book  decidedly  un- 
interesting to  read.  It  may  not  be  vitally  important  to 
the  usefulness  as  a  tool  of  an  engineering  book  that  the 
author  inject  into  the  text  personal  comment  and  little 
confidences  of  opinion:  the  book  is  no  more  true  because 
it  includes  these  aside  remarks,  but  it  is  more  humanly 
interesting,  and  it  is  not  a  whit  the  less  true. 

"Bridge  Engineering"  possesses  another  characteristic 
that  merits  notice.  It  is  to  an  unusual  extent  a  record 
of  personal  performance.  When  essential  the  author  has 
gone  outside  his  personal  practice  for  e.xample  and  illus- 
tration, and,  of  course,  in  presenting  the  theory  of  stresses 
and  other  similar  information  he  has  drawn  on  common 
knowledge,  but  the  greater  part  of  the  examples,  illustra- 
tions, working  data,  office  forms,  specifications,  and  other 
facts  presented  is  from  his  own  experience.  And,  as  has 
been  said,  the  opinion  and  comment  are  peculiarly  the 
author's  own.  This,  again,  is  a  variation  from  the  nor- 
mal in  the  production  of  engineering  treatises. 

The  publishers  have  catalogued  the  contents  of  "Bridge 
Engineering"  in  liberal  detail;  some  60  printed  pages  are 
occupied  by  the  schedule,  and  to  them  is  referred  the 
reader  who  wishes  this  particular  information.  To  whom 
should  the  book  prove  useful?  is  a  question,  however, 
which  all  proper  book  reviews  are  expected  to  answer.  It 
has  been  said  that  it  should  prove  useful  to  executives 
and  managers  not  professional  engineers,  but  having  de- 
cision on  or  direction  of  expenditures  for  bridge  construc- 
tion. It  should  prove  useful  to  bridge  engineers  for  rea- 
sons indicated  previously  and  for  these  following  specific 
reasons:  The  principles  of  bridge  design  and  construc- 
tion are  explained  and  exemplified.  With  the  various 
tables  and  diagrams  a  close  estimate  of  cost  of  nearly 
every  kind  of  bridge  can  be  made.  The  economics  of  alloy 
steels  for  heavy  and  long  spans  are  demonstrated.  A 
practical  treatment  is  presented  of  determining  second- 
ary, temperature  and  indeterminate  stresses.  The  pro- 
tection of  metal  work  is  expounded;  the  design  of  rein- 
forced concrete  bridges  is  explained;  all  kinds  of  sub- 
structure are  described  and  illustrated;  quantities  of 
materials,  weights  and  costs  for  all  kinds  of  bridges  are 
given;  office  systems  and  field  engineering  operations  are 
described;  administration  of  bridge  work,  ethics  of  bridge 
engineering,  responsibility  of  bridge  engineers  are  con- 
sidered; complete  specifications  are  given  for  all  kinds  of 
bridges  and  viaducts.  The  book  closes  with  a  remarkable 
glossary  of  technical  terms  used  in  bridge  work  and  with 
an  ample  index.  j 


SOME  NOTES  ON  PILE  DRIVING. 

Contributed  by  L.  G.   Hall.   C.   E.  Marcus  Hook.    Pa. 

During  the  past  winter  and  spring,  a  dock  has  been 
under  construction  by  John  Monks  &  Sons,  contractors 
of  New  York,  at  a  large  manufacturing  plant  on  the  Dela- 
ware River  below  Chester,  Penna. 

To  provide  for  possible  future  dredging  and  construc- 
tion, it  was  considered  necessary  to  drive  the  piles  to  a 
depth  of  at  least  30  ft.  below  mean  tide. 

The  job  involved  the  driving  of  some  2,400  southern 
yellow  pine  piles  in  the  river  bed.  The  material  pene- 
trated consisted  of  a  mixture  of  silt,  sand,  clay,  fine  and 
coarse  gravel,  hard  pan  and  boulders,  seemingly  in  pock- 
ets, without  any  uniformity  of  stratification,  except  for 
short  stretches. 

In  places,  one  material  over-lay  another  whereas  50 
ft.  away,  the  order  was  reversed.     In  places  all  the  ma- 
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terials  enumerated  appeared  in  succession,  while  in 
other  places  only  one  or  two  of  them  appeared.  The 
widest  contrast  shown  was  between  a  stretch  of  some 
twenty  bents  in  which  a  layer  of  6  to  10  ft.  of  hard  pan 
on  top  was  underlaid  by  stiff  clay  and  a  bottom  layer  of 
gravel,  and  a  stretch  of  some  fifteen  bents  in  which  from 
20  to  30  ft.  of  soft  silt  lay  directly  on  bedrock;  no  other 
materials  appearing.  The  change  from  one  extreme  to 
the  other  occurred  in  a  space  of  about  40  ft. 

The  specifications  called  for  piles  at  least  12  in.  in 
diameter  2  ft.  below  the  butt,  and  6  in.  at  the  tip.  But 
the  contractor  bought  an  odd  lot  of  piles  for  the  job,  some 
of  which  came  up  to  15  or  16  in.  in  diameter,  2  ft.  below 
the  butt  and  9  or  10  in.  at  the  tip.  About  500  of  the  piles 
in  the  worst  part  of  the  driving  were  shod  with  hollow 
malleable  cast  iron  shoes  which  completely  covered  the 
point.     Driving  was  done  with  3,000-lb.  drop  hammers. 

The  writer,  who  was  resident  engineer  for  the  owners 
on  the  job,  maintained  inspectors  continuously  on  the 
drivers,  who  kept  a  complete  record  of  each  pile.  A  few 
facts  were  brought  out  which  may  be  of  value  to  engineers 
on  similar  work. 

A  number  of  piles  were  pulled  after  being  driven,  and 
notes  made  on  the  conditions  of  the  tips.  These  tips 
tended  to  show  that  as  a  general  rule,  a  yellow  pine  pile 
which  is  moving  less  than  1  in.  under  a  15-ft.  hammer 
drop  (3,000-lb.  hammer)  is  probably  not  penetrating  at 
all;  but  is  brooming. 

There  were  exceptions  to  this  rule,  particularly  in  the 
case  of  very  large  piles.  But  this  seems  to  be  a  safe  as- 
sumption for  any  pile  much  under  8  in.  in  diameter  at  the 
tip.  When  a  pile  has  begun  to  broom  before  penetrating 
far  it  can  usually  be  noticed  by  the  "spring"  when  the 
hammer  hits  it.  But  after  10  or  12  ft.  penetration  in  hard 
material,  brooming  is  not  so  easily  identified  this  way; 
the  most  experienced  men   being  frequently  at  fault. 

Another  point  which  was  brought  out  in  many  in- 
stances was  that  there  is  a  minimum  tendency  to  broom 
when  the  pile  is  sharpened  to  a  blunt  point.  When  a 
sharp  or  long  point  is  made,  the  first  stone  encountered 
breaks  it  off,  leaving  a  hollow  into  which  all  succeeding 
pebbles  are  forced  like  wedges.  A  pile  without  a  point 
is  also  rapidly  broomed  by  pebbles  forced  into  its  end. 

The  writer  believes  that  the  cast  iron  shoes  which  con- 
s;st  merely  of  a  pyramidal  shaped  point  fastened  to  the 
pile  by  straps,  are  of  little  value  in  penetrating  gravel 
or  hard  pan,  as  they  are  easily  turned  over  and  broken 
off;  often  taking  a  part  of  the  point  of  the  pile  with 
them  and  leaving  it  not  only  unprotected  but  in  the 
shape  best  calculated  to  encourage  brooming.  This 
happened  in  two  out  of  three  cases  where  this  type  of 
shoe  was  tiied  on  this  job.  The  malleable  cast  iron  hol- 
low shoes  did,  however,  prove  effective  in  protecting  the 
point  of  the  piles.  In  one  test  case,  a  pile  shod  in  this 
way,  was  pulled  after  having  penetrated  through  12  ft. 
of  hard  pan.  The  shoe  was  in  place  and  in  good  condi- 
tion; whereas  an  unshod  pile  had  begun  to  broom  after 
penetrating  less  than  half  the  distance  of  the  same  ma- 
terial. 

Few  except  the  largest  and  straightest  piles  will  stand 
being  hit  with  a  heavy  hammer  under  a  drop  of  more  than 
16  or  18  ft.  without  danger  of  breakage,  unless  they  are 
in  soft  material,  having  considerable  "give."  If  so  hit, 
when  in  hard  material  even  a  fairly  good  pile  will  often 
break  into  two  pieces,  the  upper  piece  telescoping  down 
on  the  lower  one.  This  is  particularly  the  case  in  piles 
having  large  knots.  A  bent  pile  when  hit  too  hard  will 
often  crack  lengthwise  through  the  center,  sometimes 
for  half  or  two-thirds  of  the  length  of  the  pile.  Of  course, 
its  bearing  power  is  so  reduced  when  cracked  in  this  way, 
that  it  is  unsafe  to  use.  Piles  hit  only  12  or  15  ft.  blows, 
or  even  less,  seemed  to  go  down  as  rapidly,  in  point  of 
times  as  those  on  which  a  20  or  25  ft.  blow  was  used ; 
the  more  frequent  blows  making  up  for  the  less  pene- 
tration per  blow.  And  the  piles  were  in  better  condition 
when  so  driven.  In  no  case  was  a  pile  badly  damaged 
under  less  than  a  16-ft.  blow.     The  tendency  among  the 
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pile  driver  engineers  was  to  strike  the  long  blows.  All 
of  them  had  to  be  continually  reminded  throughout  the 
job  not  to  do  this. 

In  this  connection,  it  was  brought  out  that  the  stand- 
ard specifications  for  straightness,  wherein  a  straight  line 
from  center  to  center  of  the  ends  of  the  pile  shall  be 
allowed  to  leave  the  circumference  of  the  pile  by  1/150 
of  its  length,  is  too  liberal  for  piles  having  a  long  un- 
braced span  and  which  must  be  driven  to  carry  heavy 
loads.  In  such  cases,  it  would  probably  be  better  to 
limit  the  allowable  divergence  of  the  line  from  the  cir- 
cumference to  1,4  of  the  diameter  of  the  pile  at  the  point 
of  widest  divergence.  Piles  accepted  on  the  basis  of 
the  standard  specifications  sometimes  prove  to  be  unable 
to  withstand  these  conditions  of  heavy  driving  and  long 
span  combined.  And  the  writer  believes  from  experience 
here  that  wherever  driving  is  so  hard  as  to  make  the  use 
of  shoes  advisable,  it  would  be  well  to  use  less  liberal 
specifications  for  straightness. 


AN  AUTOMATIC  CHUTE  FROM  CONCRETE 
MIXER  TO  BUCKET. 

I 'nut  fibuted  h\'  Cl,\de   B.   Chace,   41-'(j  \'irj;inia  Ave.,    Kansas  City.   Mo. 

When  concrete  is  hoisted  by  the  familiar  bucket  and 
tower  method  it  is  necessary  in  many  cases  to  have  an 
intermediate  chute  between  the  mixer  and  bucket.  While 
the  bucket  is  loading  this  chute  must  extend  over  its  edge, 
and  when  the  bucket  is  hoisted  it  must  be  pulled  up  out 
of  the  way.  A  method  of  making  this  operation  automatic 
is  shown  in  the  accompanying  sketches.  Figure  1  shows 
the  method  as  used  on  the  new  Missouri  Can  Co.  building 
in  North  Kansas  City,  Mo.,  last  winter.     Figure  2  shows. 
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a  modification  which  the  writer  considers  handier  under 
some  conditions. 

By  the  first  method  the  chute  is  pivoted  off  center  with 
the  heavy  end  next  to  the  mixer  so  that  it  normally  stands 
clear  of  the  bucket.  In  order  to  hold  it  in  place  to  load 
the  bucket  a  light  wire  cable  is  run  under  the  bucket.  On 
the  side  away  from  the  mixer  it  is  fastened  to  anything 
solid,  while  the  other  end  is  fastened  to  the  end  of  the 
chute  next  to  the  bucket.  The  cable  holds  the  chute  in 
place  while  the  bucket  is  in  position  to  be  loaded  and  re- 
leases it  to  fall  back  in  the  clear  as  soon  as  the  weight  of 
the  bucket  is  lifted. 

The  method  shown  in  Fig.  2  differs  from  the  above  only 
in  that  the  chute  is  hinged  at  the  end  next  to  the  mixer 
and  is  raised  by  a  counterweight  when  the  bucket  is  hoist- 
ing. This  method  has  the  advantage  of  requiring  less 
room  below  the  chute  near  the  mixer.  Its  disadvantage  is 
the  bother  of  the  counterweight. 
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CEMENT    MEASURING    DEVICE    FOR    VARYING 
CONCRETE  PROPORTIONS. 

Contributca    liy    W.    U.    Jones,    Liis   Angeles   Harbor   Department, 
San  Pedro.  Cal. 

In  the  construction  of  a  concrete  building  at  Los  An- 
geles Harbor  by  the  Merchants'  Realty  &  Investment  Co. 
of  Los  Angeles,  for  the  city  of  Los  Angeles,  three  different 
mixtures  of  concrete  were  specified.  The  nature  of  the 
work  was  such  that  it  was  necessary  to  change  from  one 
mix  to  another  sometimes  several  times  during  the  day's 
work  and  the  following  method  used  proved  satisfactory 
and  economical:     The  mixtures  were  1:1:2,  1:1' 2=3  and 


Measuring    Device    for    Varying    Concrete    Proportions. 

1:2:4,   consisting   of  Portland  cement,   sand   and   gravel, 
respectively.     Sand   and   gravel   were    loaded    in    storage 
bins   either  side  of  the  mixer  hopper,  as  shown   in  the 
sketch,  a  mixer  having  a  rated  capacity  of  32  cu.  ft.  of 
loose  material  being  used;  the  hopper,  being  stationary, 
was  located  a  few  feet  below  the  bottoms  of  and  between 
the  two  storage  bins.     Directly  over  the  hopper  and  be- 
tween the  two  bins  for  rock  and  gravel  the  cement  bin  was 
placed,  with  the  measuring  device  attached  to  the  bottom 
in  such  a  way  that  the  cement  after  being  measured  was 
released  as  wanted  directly  into  the  charging  hopper  of 
the  mixer.     The  sand  bin  was  provided  with  a  measuring 
hopper  holding  9  cu.  ft.  of  loose  material  and  the  gravel 
bin  with  one  holdfng  18  cu.  ft.,  each  located  so  that  after 
the  material  was  measured  it  could  be  released  by  a  lever 
operating  a  sliding  door  and  would  flow  into  the  mixer 
hopper.     The  cement  measuring  device  was  arranged  so 
that  by  a  simple  manipulation  of  blades  4^2  cu.  ft.,  6  cu. 
ft.,  or  9  cu.  ft.,  as  desired,  of  cement  could  be  measured, 
the  sand  and  rock  bins  being  always  held  the  same.     Thus 
for   a    1:1:2   mix   the   material    measurements   would   be 
9-9-18;    for    a    1:1^  2:3    mix    the    material    measurements 
would  be  6-9-18,  and  for  a  1 :2:4  mix  the  material  measure- 
ments  would    be   41 2-9-18.     It   will    be   noticed   that   the 
quantity  of  loose  material  in  the  1:2:4  mix  is  about  up  to 
the  capacity  of  the  mixer  and  that  the  richer  materials 
exceed   the   rated   capacity.     The   specifications   required 
that  tne  sand  and  cement  enter  the  mixer  in  advance  of 
the  stone,  and  due  to  the  fact  that  the  sand  and  cement 
were  partially  mixed  before  the  gravel  was  admitted  and 
that  the  gravel  being  admitted  thus  into  a  partially  mixed 
material  by  the  time  the  gravel  was  all  in  enough  mixing 
had  been  done  so  that  considerably  more  material  could 
be  added  without  overtaxing  the  capacity  of  the  mixer. 
This   proved   out   on   the   richer  mixtures.     Varying  the 
measurement  of  cement  was  accomplished  by  having  a  box 
24  by  18  by  36  in.  high,  as  shown  in  the  sketch,  made  of 
sheet  iron  3  '32  in.  thick,  with  a  partition  vertically  in  the 
center,  making  two  vertical  compartments  each  12  by  18 


by  36  in.  Slots  were  provided  in  each  of  these  compart- 
ments for  three  sliding  plates  11%  by  21  in.,  as  shown  in 
the  sketch,  one  being  at  the  top,  one  at  the  bottom  and 
1-1  ft.  up  from  the  bottom.  By  using  one  whole  compart- 
ment thus  made  4^2  cu.  ft.  of  material  was  obtained;  by 
using  the  upper  2  ft.  of  both  compartments  6  cu.  ft.  was 
obtained,  and  by  using  all  of  both  compartments  9  cu.  ft. 
was  obtained. 

Some  trouble  was  anticipated  with  the  cement  arching 
over  the  small  opening,  but  by  tapping  on  the  sides  with  a 
hammer  as  the  cement  was  being  admitted  this  was  avoid- 
ed. In  filling  the  measuring  compartments,  however,  the 
air  forced  out  as  the  cement  entered  carried  considerable 
cement  with  it  and  made  the  plant  operation  unusually 
dusty.  With  this  exception  and  some  trouble  in  operating 
the  sliding  plates  at  first,  due  to  their  sticking  in  the 
grooves,  the  scheme  was  a  success.  Free  movement  of 
the  plates  was  obtained  by  grinding  the  edges  to  a  bevel 
on  Doth  sides,  as  shown  in  the  sketch,  section  A-A.  The 
location  of  the  slots  for  the  plates  is  designated  by  the 
figures  1,  2,  3,  4,  5,  and  6,  in  the  sketch,  only  four  plates, 
however,  being  necessary  to  operate  the  device. 


CONSTRUCTION   OF   AN   ELECTRICAL   SUBWAY 
CROSSING  ON   A  HIGHWAY   BRIDGE. 

Cortributed  by  C.    M.   HarMey,   Assistant  Engineer,  Empire  City  Sub- 
^yay   Company,    Uld.,    New   York   City. 

The  following  is  a  brief  description  of  the  method  em- 
ployed in  the  construction  of  a  16-duct  electrical  subway 
crossing  on  a  highway  bridge  over  the  tracks  of  the  New 
York  Central  Railroad  Co.,  at  St.  Anne's  Ave.  and  E.  149th 
St.,  Borough  of  the  Bronx,  New  York  City. 

This  bridge  is  a  flat-arch  concrete  and  steel  structure, 
and  rests  on  the  retaining  walls  of  the  cut,  which  thus 
serve  as  abutments.  The  railway  is  a  double  track  freight 
line.  The  base  of  rail  is  20  ft.  below  the  surface  of  the 
street.  The  clear  span  between  the  bridge-seats  is  35  ft. 
6  in.  The  bridge  structure  is  formed  of  30-in.  girders, 
spaced  4  ft.  8  in.  c.  to  c,  and  carrying  reinforced  concrete 
arches  12-in.  in  thickness  at  the  crown. 


Placing    Electrical    Subway   Crossing    Highway    Bridge. 

It  was  decided,  after  mature  deliberation,  to  build  the 
subway  structure  as  a  monolith,  lower  it  into  the  trench 
at  one  end  of  the  bridge,  and  then  pull  it  into  place  be- 
tween two  of  the  bridge  girders.  It  was  thus  possible  to 
construct  it  without  disturbing  the  arches  or  the  road- 
way. 
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Creosoted  wood  ducts  were  selected  as  the  material  of 
which  to  build  the  subway.  The  design  embodied  two 
18-in.,  55-ft.  I  beams,  41  ft.  6  in.  long,  and  spaced  24',2 
in.  c.  to  c,  between  which  the  creosoted  wood  ducts  were 
carried.  They  were  laid,  four  wide  and  four  high,  on  a 
4-in.  reinforced  concrete  base.  The  space  between  the 
ducts  and  the  beams  was  then  filled  in  with  concrete,  and 
the  whole  encased  in  a  reinforced  concrete  envelope.  The 
beams  were  braced  and  tied  together  every  10  ft.  with 
34-in.  tie-rods.  The  maximum  weight  of  this  subway, 
with  all  the  ducts  occupied,  will  be  534  lb.  per  lineal  ft., 
or  a  total  weight  of  approximately  10  tons. 

This  monolithic  structure,  which  was  built  and  sup- 
ported on  cross-pieces  over  the  trench,  after  setting  for 
one  week,  was  lowered  into  the  trench,  one  end  at  a  time, 
by  means  of  a  5-ton  triplex  chain-hoist  carried  by  a 
"horse"  built  over  the  trench. 

Holes  were  then  cut  through  the  concrete  back-walls 
of  the  bridge,  and  a  temporary  falsework  erected  under- 
neath, on  which  to  roll  the  subway  across.  A  hand- 
winch  was  placed  alongside  the  trench,  and,  with  a  block 
and  tackle  secured  to  a  "dead-man"  in  the  trench,  the 
structure  was  pulled  across  until  the  ends  rested  on  the 
bridge  seats.  One-half  hour  was  consumed  in  this  opera- 
tion. Speed  was  essential,  though  the  work  was  per- 
formed on  Sunday,  when  there  is  practically  no  traffic  on 
this  branch. 

It  will  be  noted  that  the  subway  is  self-supporting,  and 
entirely  independent  of  the  bridge  structure  proper.  The 
accompanying  photographs  show  one  end  of  the  subway, 
in  place  under  the  bridge,  and  the  chain-hoist  and  "horse" 
used  in  lowering  it  into  the  trench. 


SWINGING  CARGO  HOIST  BEAM  FOR  NEW  YORK 
HARBOR  PIER  SHED. 

In  the  new  New  York  City  steel  pier  sheds  under  con- 
tract, an  improved  cargo  hoist  beam  of  the  design  illus- 
trated is  being  used.  The  sheds  are  double  deck  and 
have  20-ft.  longitudinal  bays,  and  the  outside  wall  column 
at  each  bay  extends  high  above  the  shed  roof  to  carry 
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are  now  using  in  the  contract  for  the  double  deck  pier  at 
W.  57th  St.  The  W.  5Gth  and  W.  57th  St.  contracts  are 
now  being  fabricated  under  the  general  contract  of  the 
Pennsylvania  Steel  Co.  The  contract  for  the  W.  55th 
St.  pier,  drawing  for  which  is  shown,  has  been  let  to 
Snare  &  Triest  Co.  All  of  these  detail  plans  were  gotten 
up  by  the  Engineering  Bureau  of  the  Department  of  Docks 
&  Ferries  under  C.  W.  Staniford,  Chief  Engineer;  R.  A. 
C.  Smith,  Commissioner,  and  R.  C.  Harrison,  Deputy  Com- 
missioner. 


A  SUMMARY  OF  TWENTY  THOUSAND  TESTS  OF 
CONCRETE. 

A  notable  report  on  the  strength  and  other  properties 
of  concrete  as  affected  by  materials  and  methods  of 
preparation  has  been  issued  by  the  Bureau  of  Standards. 
This  report  is  written  by  Messrs.  R.  J.  Wig,  G.  M. 
Williams  and  E.  R.  Gates,  experts  of  the  Bureau  and  pre- 
sents the  results  of  about  20,000  tests.  Compressive 
and  tensile  tests  were  made  upon  mortars  at  different 
ages,  including  about  240  different  sands  and  stone  screen- 
ings and  compressive  tests  were  made  on  concretes  com- 
posed of  60  aggregates  including  limestones,  gravels, 
granites,  cinders,  and  trap  rock,  as  well  as  tests  of  the 
physical  properties  of  the  sands,  stone  screenings,  and 
coarse  aggregates. 

In  order  that  the  effect  of  each  variable  on  the  com- 
pressive strength  might  be  determined,  the  consistency 
of  the  mixture,  the  conditions  of  storage  of  the  concrete, 
and  the  workmanship  in  fabrication  were  changed  so  that 
comparative  results  might  be  obtained. 

The  weight  per  cubic  foot  of  concrete,  as  determined 
from  the  weight  of  the  test  pieces,  was  recorded  in  all 
cases  before  making  the  compression  tests,  and  com- 
pressometer  readings  were  taken  in  most  cases  during 
the  testing  of  the  cylinders,  from  which  the  yield  point 
and  initial  modulus  of  elasticity  were  determined.  A 
series  of  comparative  density  and  strength  tests  were 
made  in  a  number  of  cases  which  show  the  effect  on  com- 
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Cargo   Hoist    Beam,    New   York    Pier   Sheds. 


the  cargo  hoist  beams.  In  the  new  piers  the  cargo  hoist 
beam  is  a  rolled  I-beam  having  a  hinged  connection  to 
the  column  top  as  shown  by  the  drawings.  As  will  be 
seen,  this  hinged  connection  permits  the  bottom  of  the 
beam  to  swing  out  when  the  pull  is  diagonal  and  thus 
keep  its  web  always  parallel  to  the  pull  of  the  load. 
Formerly  with  rigid  connections  a  built-up  plate  girder 
cargo  hoist  beam  was  necessary  to  resist  the  eccentric 
load.  Referring  to  the  drawings  Chief  Engineer  Stani- 
ford writes:     This   is  the   same   arrangement  which   we 


pressive  strength  of  varying  the  relative  proportions  of 
the  same  fine  and  coarse  aggregates. 
Conclusions. 

(1)  No  standard  of  compressive  strength  can  be  as- 
sumed or  guaranteed  for  concrete  of  any  particular  pro- 
portions made  with  any  aggregate  unless  all  the  factors 
entering  into  its  fabrication  are  controlled. 

(2)  A  concrete  having  a  desired  compressive  strength 
is  not  necessarily  guaranteed  by  a  specification  requiring 
only  the  use  of  certain  types  of  materials  in  stated  pro- 
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portions.     Only  a  fractional  part  of  the  desired  strength 
may  be  obtained  unless  other  factors  are  controlled. 

(3)  The  compressive  strength  of  a  concrete  is  just  as 
much  dependent  upon  other  factors,  such  as  careful  work- 
manship and  the  use  of  the  proper  quantity  of  water  in 
mixing  the  concrete,  as  it  is  upon  the  use  of  the  proper 
quantity  of  cement. 

(4)  The  compressive  strength  of  concrete  may  be  re- 
duced by  the  use  of  excess  of  water  in  mixing  to  a  frac- 
tional part  of  that  which  it  should  attain  with  the  same 
materials.  To  much  emphasis  can  not  be  placed  upon  the 
injurious  effect  of  the  use  of  excessive  quantities  of  water 
in  mixing  concrete. 

(5)  The  compressive  strength  of  concrete  may  be 
greatly  reduced  if,  after  fabrication,  it  is  exposed  to  the 
sun  and  wind  or  in  any  relatively  dry  atmosphere  in  which 
it  loses  its  moisture  rapidly,  even  though  suitable  ma- 
terials were  used  and  proper  methods  of  fabrication  em- 
ployed. 

(6)  The  relative  compressive  strength  of  concretes  to 
be  obtained  from  any  given  materials  can  be  determined 
only  by  an  actual  test  of  those  materials  combined  in  a 
concrete. 

(7)  Contrary  to  general  practice  and  opinion  the  rela- 
tive value  of  several  fine  aggregates  to  be  used  in  con- 
crete can  not  be  determined  by  testing  them  in  mortar 
mixtures.  They  must  be  tested  in  the  combined  state 
with  the  coarse  aggregate. 

(8)  Contrary  to  general  practice  and  opinion  the  rela- 
tive value  of  several  coarse  aggregates  to  be  used  in  con- 
crete can  not  be  determined  by  testing  them  with  a  given 
sand  in  one  arbitrarily  selected  proportion.  They  should 
be  tested  in  such  combination  with  the  fine  aggregate  as 
will  give  maximum  density,  assuming  the  same  ratio  of 
cement  to  total  combined  aggregate  in  all  cases. 

(9)  No  type  of  aggregate  such  as  granite,  gravel,  or 
limestone  can  be  said  to  be  generally  superior  to  all  other 
types.     There  are  good  and  poor  aggregates  of  each  type. 

(10)  By  proper  attention  to  methods  of  fabrication 
and  curing,  aggregates  which  appear  inferior  and  may  be 
available  at  the  site  of  the  work  may  give  as  high  com- 
pressive strength  in  concrete  as  the  best  selected  ma- 
terials brought  from  a  distance,  when  the  latter  are  care- 
lessly or  improperly  used. 

(11)  Density  is  a  good  measure  of  the  relative  com- 
pressive strength  of  several  different  mixtures  of  the  same 
aggregates  with  the  same  proportion  of  cement  to  total 
aggregate.  The  mixtui-e  having  the  highest  density  need 
not  necessarily  have  the  maximum  strength,  but  it  will 
have  a  relatively  high  strength. 

(12)  Two  concretes  having  the  same  density  but  com- 
posed of  diflferent  aggregates  may  have  widely  different 
compressive  strength. 

(13)  There  is  no  definite  relation  between  the  grada- 
tion of  the  aggregates  and  the  compressive  strength  of 
the  concrete  which  is  applicable  to  any  considerable  num- 
ber of  different  aggregates. 

(14)  The  gradation  curve  for  maximum  compressive 
strength,  which  is  usually  the  same  as  for  the  maximum 
density,  differs  for  each  aggregate. 

(15)  With  the  relative  volumes  of  fine  and  coarse  ag- 
gregate fixed,  the  compressive  strength  of  a  concrete  in- 
creases directly,  but  not  in  a  proportionate  ratio  as  the 
cement  content.  An  increase  in  the  ratio  of  cement  to 
total  fine  and  coarse  aggregates  when  the  relative  propor- 
tions of  the  latter  are  not  fixed  does  not  necessarily  re- 
sult in  an  increase  in  strength,  but  may  give  even  a 
lower  strength. 

(16)  The  compressive  strength  of  concrete  composed 
of  given  materials,  combined  in  definite  proportions  and 
fabricated  and  exposed  under  given  conditions  can  be  de- 
termined only  by  testing  the  concrete  actually  prepared 
and  treated  in  the  prescribed  manner. 

(17)  The  results  included  in  this  paper  would  indi- 
cate that  the  compressive  strength  of  most  concretes,  as 
commercially  made,  can  be  increased  25  to  100  per  cent 
or  more  by  employing  rigid  inspection  which  will  insure 
proper  methods  of  fabrication  of  the  materials. 


E  N  G  I  N  1-;  E  K  I  N  Q 
AND     CONTRACTING 

METHODS  AND  COST  OF  MAKING  AND  SINKING 
PRE-MOULDED  CONCRETE  PILES. 

(,'oiilriliiilecl    hy    fJeo.    K.    I.coiiard,    Chief   Draftsman,    State   Engineer's 
Otlice,  Lincoln,  Nebr. 

The  plans  for  the  construction  of  the  Lexington,  Neb. 
State  Aid  Bridge,  across  the  Platte  River,  called  for  the 
placing  of  three  concrete  piles  12  in.  square  and  45  ft. 
long  under  each  of  26  piers.  The  bed  of  the  Platte  River, 
throughout  its  entire  length,  is  composed  of  successive 
layers  of  sand  and  gravel,  varying  in  size  from  quicksand 
to  5-in.  stones.  At  this  particular  point,  clay  was  struck 
at  a  depth  of  40  ft.  below  low  water,  and  the  piles  were 
to  penetrate  this  3  ft.,  the  remaining  2  ft.  projecting  into 
the  pier.     The  piles  were  reinforced,  as  shown  in  Pig.  l. 

Two  moulding  floors  24  by  48  ft.  were  made  and  the 
piles  cast  in  lots  of  16,  by  moving  the  side  forms  from  one 
floor  to  the  other.  Following  is  the  material  bill  for  the 
forms : 

Ft.  B.  M. 

hleepers,   2e-4"x4"-24'    830 

Two    doors,    4,S-2"xl2"-48' : '  4  gos 

Sides,    .52-2"xl2"-4S'     3'{|72 

Top  braces,   14-4"xl"-24' '445 

^liscellaneous  for  wed&es,    etc \      260 

Total     9.220 

56-%"x2'-6"  bolts. 

COST  OF  M.iTERI.^L,  AXD  LABOR  FOR  78  PILES. 

Material: 

Cement,  751  sacks  @  $0.432 $    326  51 

Rods,  .")2,645  lb.   @   $0.0275 1084' 23 

Mesh.   12,161;  SCI.  ft.   @   $0.0314 SS^'oi 

Gravel,  11SV4  cu.  yd.  @  $0.75 si  88 

Lumber,  9,220  ft.  B.  M.  @  $26  per  M 239'72 

Bolts,  56  @  $0.15 slio 

Total     .$2,129.75 

Material,   cost  per  pile 27.31 

Material,  cost  per  fin.   ft '597 

Labor: 

Making,  placing  and  removing'  forms $  148.60 

Placing   reinforcing    35.'i.50 

Mixing  and  placing  concrete i)7.96 

Total    $    C00.06 

Labor,  cost  per  mile 7.69 

Labor,  cost  per  lin.  ft ,170 

Ordinarily  a  concrete  pile  will  sink  in  the  Platte  River 
of  its  own  weight,  if  properly  jetted.     This  was  tried,  but 
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Fig.    1.      Section    of    Pile.      Fig.   2,    Sand    Bucket. 

at  a  depth  of  40  ft.  a  coarse  layer  of  gravel  was  encoun- 
tered, which  carried  off  the  water  as  fast  as  it  could  be  \ 
pumped,  and  the  piles  would  sink  no  further. 

Not  deeming  it  advisable  to  hammer  on  the  piles,  3  ft. 
was  cut  oflf  of  each  one,  and  the  following  method  used  in 
sinking  them  so  that  they  would  rest  on  the  clay: 

By  means  of  a  specially  designed  sand  bucket,  which 
will  be  described  later,  a  22-ft.  length  of  ^i-in.  steel  cas- 
ing, 24  in.  in  diameter,  was  sunk  until  the  top  was  about 
2  ft.  above  the  water.  Into  this  was  set  a  40-ft.  length 
of  casing  20  in.  in  diameter,  which  was  sunk  until  it  rested 
on  clay.  The  pile  was  then  set  into  the  open  well,  and  thfe 
two  sections  of  casing  pulled.  The  sand  running  in 
around  the  pile  held  it  as  firmly  as  if  it  had  been  driven. 
A  steam  hoist  and  derrick  handled  the  casings  and  piles 

The  bucket,  which  was  used  in  excavating  and  sinking 
the  casings,  is  showTi  in  Fig.  2,  and  is  described  as  fol 
lows :     A  piece  of  heavy  steel  pipe  8  in.  in  diameter  and  6 
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ft.  long  was  fitted  with  a  hinged  bottom,  containing  an 
ordinary  valve  opening  inward.  The  bottom  was  held 
shut  by  means  of  a  dog,  which  could  be  tripped  with  a 
hammer  when  the  bucket  was  full  of  sand.  Riveted  to  the 
top  of  the  bucket  was  a  steel  head  through  the  center  of 
which  the  piston  rod  slipped.  The  piston  was  an  ordinary 
pump  piston,  with  leather  attached.  In  operaticm,  the 
bucket,  with  the  bottom  closed,  is  dropped  to  the  bottom 
of  the  casing  by  means  of  a  gasoline  hoist,  the  hoisting 
line  being  fastened  to  a  ring  in  the  upper  end  of  the  piston 
rod.  As  the  piston  is  pulled  to  the  top,  the  sand  is  sucked 
in  at  the  bottom  and  the  bucket  settles.  When  the  piston 
is  at  the  upper  end  of  the  bucket  it  strikes  the  top  and 
bucket  and  all  is  hoisted  to  the  top  of  the  casing  and 
dumped.  As  the  sand  is  taken  from  the  casing  it  settles, 
due  to  its  own  weight,  and  to  a  number  of  sand  bags  on  a 
platform,  hanging  from  the  top  of  the  casing.  (See  pho- 
tograph.) In  this  way,  with  a  gang  of  two  men  at  30  ct., 
and  one  man  at  20  ct.  per  hour,  working  ten  hours  per 
day,  one  pile  could  be  placed  per  day. 

The  cost  of  sinking  the  piling  for  the  job,  excluding 
superintendence,  cost  of  equipment,  repairs,  etc.,  is: 

Labor    $634.5.>; 

Coal.   5   tons ^ 31.50 

Gas.    210    sal 23.10 

Total $689.15 

Sinking  co5t  per  pile S.S4 

Sinking:  cost  per  lin.  ft 221 

Total  cost  per  pile  in  place 43. S4 

Total  cost  per  lin.  ft.  in  place 99S 

The  contractors  for  the  work  were  Wood,  Bancroft  & 
Doty,  David  City,  Neb. 


.%  CONCRETE    MIXING   PLANT    180    FT.    ABOVE 
CHICAGO. 

^Contributed.) 

A  complete  concrete  mixing  plant,  mounted  on  the  roof 
of  a  skyscraper,  turning  out  large  quantities  of  con- 
crete for  an  extensive  addition  to  the  building,  is  the 
latest  contribution  of  Chicago  in  modern  methods  of 
building  construction. 

The  large  department  store  of  Rothschild  &  Co.  desired 
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and  144  ft.  on  Van  Buren  St.,  and  a  contract  for  this 
work  was  recently  let  to  Clark-Bisbee  Co.,  2300,  175  W. 
Jackson  Blvd.,  Chicago.  The  street  walls  of  the  present 
building  extend  a  considerable  distance  above  the  roof 
so  that  it  was  only  necessary  to  construct  a  new  roof 
and  floor  with  the  required  columns,  beams  and  girders. 
The  new  construction  is  entirely  of  reinforced  concrete 
and  the  contractors  decided  that  this  could  be  handled 
most  successfully  by  placing  the  mixing  plant  on  the 
present  roof  of  the  building. 

The  equipment  of  the  building,  in  addition  to  an  ex- 
tensive passenger  elevator  service,  includes  two  large 
high-speed  freight  elevators  which  travel  from  the  third 
basement  to  the  tenth  floor,  one  of  which  is  of  10  tons 
capacity.  In  the  third  basement  are  several  elevator 
hoppers  connected  by  chutes  with  the  surface  in  the  rear 
alley  and  provided  with  discharge  gates  designed  to  pro- 
vide coal  storage  for  the  furnaces  and  which  discharge 
the  coal  into  a  traveling  bucket  as  required. 

It  was  decided  to  use  several  of  these  hoppers  for  han- 
dling the  sand  and  stone  in  the  new  construction  work. 
Material  was  delivered  in  6-ton  auto  trucks  and  dumped 
down  the  chutes  into  the  hoppers  from  which  it  was  gated 
into  wheelbarrows.  The  large  elevator  carried  nine 
wheelbarrows  and  the  smaller  one  five  to  the  tenth  floor 
at  each  load.  An  inclined  runway  was  built  from  the 
tenth  floor  to  the  roof  and  all  material  used  in  the  con- 
crete and  the  new  construction  work  is  transported  from 
the  tenth  floor  up  this  inclined  runway. 

For  mixing  the  concrete,  on  account  of  its  light  weight 
and  great  portability,  the  contractors  used  a  motor-driven 
8  cu.  ft.  capacity  low  charging  mixer  built  by  the  Stand- 
ard Scale  &  Supply  Co.,  Chicago,  111.  The  mixer  was 
taken  up  the  large  elevator  to  the  tenth  floor  and  then 
transported  up  the  material  runway  to  the  roof,  180  ft. 
above  the  street  level.  The  accompanying  illustration 
shows  the  discharge  side  of  the  mixer  in  operation. 

In  this  work  the  columns,  girders,  beams  and  roof  were 
constructed  fir.st,  after  which  the  old  roof  underneath 
was  removed  and  replaced  with  a  reinforced  concrete  floor. 
There  were  required  95  concrete  beams,  22  concrete  gird- 
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Mixing   Concrete   180  ft.   Above   Chicago. 


to  increase  their  storage  space  by  constructing  an  addi- 
tional story  at  one  end  of  the  present  structure.  The 
building  is  nearly  a  block  long,  extends  to  an  alley  in 
the  center  of  the  square  and  is  10  high  stories  above  the 
street  level  with  three  basements  below.  This  building 
IS  of  modern  steel  frame  construction,  built  several  years 
ago,  and  was  designed  to  carry  additional  stories  when 
the  growth  of  the  business  should  require  them. 

It  was  desired  to  construct  an  additional  story  at  the 
south  end  of  the  building  extending  176  ft.  on  State  St. 


ers,  14  concrete  columns  and  in  the  construction  work 
was  used  ofer  13  tons  of  reinforcing  steel  rods,  many  of 
them  28  £t.  long,  and  about  40,000  ft.  B.  M.  of  lumber  for 
the  forms.  The  concrete  is  a  standard  1:2:4  mix,  the 
coarser  aggregate  being  crushed  limestone  screened  to  a 
Vo-in.  mesh. 

Due  to  the  excellent  facilities  for  handling  the  material 
this  work  has  proceeded  very  rapidly  and  with  apparently 
little  more  difliculty  in  handling  the  concrete  than  when 
mixed  at  ground  level. 
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CONVEYING  CONCRETE  BY  MOTOR  TRUCK. 

Contributed   by  Harold  B.   Kitchener,   Superintendent  of  Construction, 
]ieti-oil-Superior    High    Level    Bridge,    Cleveland.    O. 

The  concrete  for  the  west  end  of  the  Detroit-Superior 
High  Level  Bridge  is  being  conveyed  from  the  main  mix- 
ing plant  on  the  east  side  of  the  Cuyahoga  River,  a  dis- 
tance of  a  quarter  of  a  mile,  in  the  bodies  of  motor  trucks. 
Both  White  and  Kelly-Springfield  trucks  of  five  ton  ca- 


ENGINEERING 
AND     CONTRACTING 

COSTS  OF  HOSPITAL  BUILDINGS. 

Costs  of  hospital  buildings  are  given  by  0.  H.  Bartine 
in  a  paper  read  before  the  American  Hospital  Associa- 
tion. The  following  data  are  summarized  from  detailed 
tabulations.  For  22  buildings  the  building  and  equip- 
ment costs  per  cubic  foot  were  as  follows: 

Per  cu.  ft. 

Item.  Ct. 

Total  building    38.2 

Heatinsr  and  ventilating 2.3 

Electric  system   0.9 

lilectric  fixtures    0.3 

Plumbing    2.9 

Kefiigeration    1-2 

Vacuum  cleaner  system "     "-2 

Elevators     *■' 

Kitchen  equipment   O-^ 

Power  plant    *■^ 

The  segregated  building  costs  for  13  hospitals  were 
per  cubic  foot  as  follows : 

Per  cu.  ft. 

Item.  ■  Ct. 

Kxcavation    2.6 

Masonry    l-j 

Structural  steel  J-S 

Carpentry    2.8 

Roofing     l-O 

Glass   and    glazing 3.6 

Skvlights  and   sheet   metal l-l 

Painting   J-o 

Lathing  and  plastering 1-23 

Composition  flooring  0-8 

Tiles,   mosaics  and  marbles 2.U 

Hardware    ^-^ 

Cast  iron    2.2 

Total   «-2 

In  determining  cubical  contents  the  author  states: 
"Measurements  should  be  taken  from  the  basement  or 
sub-basement  (lowest)  floor  level  to  the  mean  of  the  out- 
side of  the  roof,  and  from  outside  to  outside  of  walls. 
In  other  words,  the  cubic  feet  of  air  displaced  by  the 
exterior  dimensions  of  the  building  should  be  considered, 
eliminating  approaches,  balustrades  and  other  projections 
not  enclosing  space." 

METHOD     AND     COST     OF     TREATING     SHEET 

PILES  EXPOSED  TO  SEA  WATER  WITH 

AVENARIUS   CARBOLINEUM. 

Contributed  by  W.  D.  Jones.  Assistant  Engineer,  Harbor  Department, 
Lk)s   Angeles.    Cal. 

In  the  construction  of  a  timber  wharf  50  ft.  wide  and 
1,600  ft.  long  resting  on  creosoted  piles,  at  Los  Angeles 
Harbor,  a  bulkhead  was  specified  as  follows: 

Lumber. — .A.11  lumber  for  sheet  piles  must  be  4xl2-in.  No.  1  mer- 
chantable Oregon  pine  (Douglas  fir),-  sound,  free  from  large,  loose  or 
rotten   knots,   knot  holes,   splits,    shakes,   wain,   rot,   pitch   seams  open 


Hauling   Concrete   by    Motor   Truck. 

pacity  are  used.  At  the  mixing  plant,  a  picture  of  which 
was  published  in  Engineering  and  Contracting  on  June  7, 
1915,  the  two-yard  concrete  hopper  is  high  enough  for  the 
trucks  to  drive  under.  It  requires  20  seconds  to  load  the 
trucks  with  two  yards  of  concrete  from  the  hopper.  The 
running  time  from  the  mixer  to  the  hoisting  tower  is  about 
21/2  minutes.  Even  in  this  short  time  the  stone  in  the 
concrete,  due  to  the  vibration,  has  a  tendency  to  settle  to 
the  bottom  of  the  truck  and  it  requires  from  40  to  50 
seconds  for  two  men  to  loosen  it.  The  receiving  hopper  at 
the  tower,  with  a  capacity  of  five  yards,  serves  as  a  re- 
mixer  and  produces  a  concrete  satisfactory  for  chuting. 

The  average  cost  of  hauling,  considering  the  trucks  on 
a  rental  basis  of  $2.50  per  hour  each,  has  been  $0.19  per 
cubic  yard  of  concrete.  On  concreting  an  arch  rib  of 
440  cu.  yd.  an  average  speed  of  40  cu.  yd.  per  hour  was 
maintained,  including  delays  due  to  the  swinging  of  the 
drawbridge  over  the  river.    Three  trucks  were  used. 

Previous  to  hauling  the  mixed  concrete,  the  concrete 
materials  were  hauled  from  the  east  side  bunkeis  to  a  sep- 
arate mixing  plant  on  the  west  side.  The  hauling  of  the 
materials  cost  35  per  cent  more  than  hauling  the  mixed 
concrete  and  involved  the  extra  expense  of  maintaining 
the  second  plant. 

The  Detroit-Superior  High  Level  Bridge  is  now  75  per 
cent  complete.  A  contract  for  subway  approaches  to 
cost  $850,000  is  about  to  be  let. 


Apparatus  for  Treating   Sheet   Piles. 

on  both  sides  of  the  piece,  worm  holes  or  other  defects  which  ma-  I 
terially  impair  the  strength  of  the  piece.  Each  piece  shall  have  a  | 
groove  1  in.  wide  and  1  in.  deep  cut  in  each  edge.  In  one  of  the  j 
grooves  a  spline  1x1%  in.  shall  be  spiked  to  form  a  tongue. 

Treatment.— AU  sheeting  shall  be  dipped  such  that  the  upper  15 
ft  be  immersed  for  at  least  twenty  minutes  in  Avenarius  Carbolineum.  1 
which  shall  be  kept  at  a  temperature  of  212  to  220  degrees  F.  dunnS 
the  dipping.  The  heating  to  be  accomplished  by  steam  colls.  (This 
was  not  done.)  Manufacturers  estimate  that  the  amount  of  Carbo- 
lineum   necassarv    for    this    treatment    will    be   1%    lt>.    per   cubic   toot 
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of  lumber  treated.  The  Carbolineum  must  be  brought  to  the  dipping 
station  In  the  original  containers  and  must  give  the  followini;  analysis 
and  qualities: 

Specific  gravity  at  17  deg.  C 1.12S 

Viscosity    ( water-!)    10 

flashing  point,   dejj.    C 145 

Burning   point,    deg.    C 210 

Di»;iillate  below  235  deg.  C,  per  cent 0.44 

liisiillute  between  2.5  deg    C.  and  300  deg.  C.  per  cent 7.50 

i:esklu>-  above  oOO  aeg.  C.  (clear  red  brown),  per  cent 92.01 

Mill,  nil  matier  (ash),  per  cent 0.10 

.N'altluilene   (210-2SU  deg.   C) Trace 

Plii-nols   (carbolic  acid  accurdins   to  Seubert) No  separation 

The  treatment  was  accomplished  by  means  of  the  plant 
shown  in  the  illustration,  an  old  boiler  shell  with  upper 
end  open  being  set  in  a  brick  oven  in  such  a  manner 
as  to  permit  fire  reaching  the  bottom  and  considerably 
up  the  sides.  An  arrangement  was  made  on  the  side 
of  the  boiler  for  taking  temperatures,  which  were  kept 
reasonably  well  within  the  prescribed  limits.  An  A 
frame  arrangement,  as  shown,  was  erected  over  the  tank 
thus  made  and  a  single-drum  hoisting  engine  used  to 
hoist  the  lumber  into  the  tube  to  be  treated.  A  sufficient 
depth  of  oil  was  maintained  to  give  the  desired  length 
of  treatment  to  each  piece,  the  pieces  being  lowered  into 
the  treating  basin  end  first. 

The  following  cost  includes  picking  the  lumber  up  from 
storage  piles  near  the  treating  plant,  treating  it,  and  pil- 
ing it  nearby  after  treatment. 

Treated  portion   of  pieces,   ft.    B.    il 144,222 

Tre.ited  porlion  of  pieces,  sq.  ft.  surface  area 107,9.S4 

Cost    of    treatment— Labor,    $1,227.57;    equipment    service,    $66.65;    ma- 
terial, $1,130.20. 
Cose  of  treatment  per  100  sq.  ft.,  $1.14;  equipment  service,   $0.06:   ma- 
terial. $1  05. 
Cost   of    treatn.ent    per   1.000   ft.    B.    M. — Labor.    ?8.51:    equipment    ser- 
vice. $0.46;   material,   $7.SS. 

A  total  of  1,196  gal.  of  carbolineum  was  used.  This 
amounts  to  approximately  11,300  lb.,  being  slightly  less 
than  1  lb.  per  cubic  foot  of  lumber  treated.  The  cost  of 
this  amount  of  material  was,  as  given  above,  $1,136.20. 
The  cost  of  the  lumber  is  not  given  here.  Some  difficulty 
was  experienced  in  keeping  the  shorter  lengths  of  lum- 
ber immersed,  due  to  its  floating  up  in  the  liquid.  The 
Russell-Greene-Foele  Co.  of  Los  Angeles  was  the  con- 
tractor for  this  work. 


WEB  STRENGTH  TESTS  OF  I-BEAMS  AND  PLATE 
GIRDERS.* 

The  tests  reported  in  this  bulletin  were  made  to  study 
the  web  strains  in  I-beams  and  girders  so  designed  that 
the  primary  failure  would  be  a  web  -failure.  The  best 
data  obtained  were  used  in  conjunction  with  a  mathe- 
matical analysis  made  to  determine  the  importance  of  the 
diagonal  strains  and  the  methods  of  failure  of  girders. 
The  results  obtained  are  summarized  as  follows: 

(1)  The  measured  strains  in  various  parts  of  the  six 
I-beams  and  two  built-up  girders  agree  closely  with  the 
strains  as  computed  by  the  ordinary  elastic  theory  if  due 
allowance  is  made  for  the  lateral  strain  (Poisson's  ratio 
dEect) . 

(2)  The  maximum  shearing  stress  in  an  I-beam  or  a 
built-up  girder  is  in  some  cases  the  shearing  stress  at  the 
neutral  axis,  and  is  in  other  cases  the  diagonal  shearing 
stress  caused  by  the  combined  stresses  in  the  web  at  its 
junction  with  the  flange.  However,  the  two  are  usually, 
nearly  equal,  and,  in  general  the  shearing  stress  at  the 
neutral  axis  may  be  used  in  designing  girders. 

(3)  A  common  approximate  method  of  computing  the 
shearing  stress  in  the  web  of  a  girder  is  to  divide  the  total 
shear  upon  a  transverse  section  by  the  area  of  the  cross- 
section  of  the  web.  If  the  value  given  by  this  method  is 
more  than  80  per  cent  of  the  allowable  stress  in  shear 
for  the  material,  a  check  computation  for  shearing  stress 
should  be  made,  using  the  more  precise  formula. 

(4)  The  yield  point  (not  the  ultimate  strength)  of  the 
material  in  shear  should  be  regarded  as  the  ultimate 
shearing  stress  which  can  be  developed  in  the  webs  of 
girders.  The  ratio  of  the  yield  point  in  shear  to  the  yield 
point  in  tension  for  structural  steel  is  about  0.6,  an(l  the 

^J&tract  from  Bulletin  S6,  Engineering  Experiment  Station,  Univer- 
•«y  of  Illinois,  by  H.  F.  Moore  and  W.  M.  Wilson. 
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ratio  of  the  allowable  shearing  stress  to  the  allowable 
tensile  or  compressive  stress  may  be  taken  at  the  same 
value. 

(5)  The  maximum  tensile  or  compressive  strain  in  an 
I-beam  or  built-up  girder  is  in  some  cases  the  longitudinal 
strain  in  the  e.xtreme  fibers  of  the  flange,  and  is  in  other 
cases  the  diagonal  strain  in  the  web  adjacent  to  the 
flange.  The  diagonal  strain  may  be  enough  greater  than 
the  longitudinal  strain  to  make  it  desirable  to  consider 
the  former  in  the  design  of  a  girder.  The  value  of  Ee  cor- 
responding to  the  maximum  strain  should  not  in  any  case 
exceed  in  magnitude  the  safe  working  stress  of  the  ma- 
terial in  tension.  (The  safe  stress  in  tension  for  struc- 
tural steel  is  usually  taken  at  16,000  lb.  per  square  inch.) 

(6)  In  the  case  of  girders  having  no  stiffeners  except 
at  points  at  which  concentrated  forces  are  applied,  the 
web  is  capable  of  developing  the  lowest  of  the  following 
critical  values:  (1)  the  yield-point  strength  of  the  ma- 
terial of  the  web  in  shear;  or  (2)  the  compressive  strength 
of  the  web  as  computed  by  Euler's  formula,  considering 
a  45-degree  strip  as  a  fixed-ended  column  subjected  to  a 
compressive  stress  equal  to  the  transverse  shearing  stress 
at  the  neutral  axis;  or  (3)  a  diagonal  strain  equal  to  the 
strain  at  the  yield  point  of  the  material  in  tension. 

(7)  It  would  seem  that  the  ability  to  resist  buckling 
of  thin  webs  without  intermediate  stiffeners  had  been  un- 
derestimated. 

(8)  Stiffeners  at  supports  and  under  concentrated 
loads  are  very  necessary.  These  should  be  well  fitted  to 
the  flanges. 

(9)  The  local  compressive  stress  in  the  web  of  a  girder 
when  no  stiffeners  are  used  at  points  at  which  concen- 
trated forces  are  applied  may  be  computed  with  a  fair 
degree  of  accuracy  by  the  use  of  Hudson's  formula.  Even 
if  this  stress  is  low,  the  use  of  stiffeners  at  points  at 
which  concentrated  forces  are  applied  diminishes  the 
danger  of  lateral  bending  of  the  beam  at  the  junction  of 
the  web  and  the  flange. 

(10)  The  deflection  of  the  girders  as  measured  and 
as  computed  by  the  ordinary  elastic  theory  agrees  closely 
when  the  deflecticn  due  to  shear  is  considered.  For  short- 
span  beams  the  deflecticn  due  to  shear  may  be  as  much 
as  20  per  cent  of  the  total. 


BUILDING  CONCRETE   FORMS  FOR  SMALL 
BRIDGE  ABUTMENTS  AND  PIERS. 

Contributed  by  J.   C.   Worrell,   Excelsior,   Jlinn. 

It  is  the  usual  custom  to  wait  until  the  excavation  is 
completed  and  the  engineer  has  staked  out  the  abutment 
or  pier  before  the  forms  for  concrete  are  started.  On 
small  abutments  and  piers  nearly  all  forms  can  be  built 
before  or  while  the  excavating  is  being  done,  and  they  can 
be  built  better  and  much  cheaper  than  where  built  in 
place.  A  carpenter  does  not  like  to  help  do  the  excavat- 
ing, especially  if  it  is  wet,  and  if  he  does  not  buiid  the 
forms  before  the  excavation  is  completed,  he  is  practically 
killing  time. 

Pier  forms  can  be  made  of  four  sections,  tv.o  sides  and 
two  ends.  Abutments  with  wings  will  require  two  sec- 
tions for  the  main  walls,  two  side  sections  for  each  wing, 
and  two  end  sections,  making  eight  sections  in  all.  It  is 
usually  a  wet  and  dirty  place  to  work  when  building  forms 
in  place,  but  a  dry  place  can  always  be  found  to  build 
the  forms  in  sections  before  they  are  put  in  place.  Forms 
built  in  this  way  can  be  quickly  fitted  together;  no  plate 
need  be  used  at  the  bottom,  no  he'pers  are  needed  to 
carry  the  lumber  down  a  steep  bank  a  stick  at  a  time, 
and  the  carpenter  does  not  need  to  climb  out  of  the  hole 
every  time  he  wants  to  saw  a  board. 

It  saves  work  for  the  engineer,  too,  because  in  laying 
out  an  abutment,  he  needs  only  to  give  the  face  of  the 
main  wall  of  the  abutment,  the  center  line  of  the  track 
on  the  front  wall  section  of  forms,  and  the  angle  which 
the  front  wall  of  the  wings  makes  with  the  front  face  of 
the  main  wall.     If  the  form  sections  are  built  correctly, 
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they  will  fit  and  the  dimensions  of  the  abutment  will  be 
correct.  In  laying  out  the  pier,  the  center  line  of  the  pier 
at  right  angles  to  the  track  and  the  center  line  parallel  to 
the  center  of  track  will  be  given. 

The  wiring  and  bracing  will  need  to  be  done  in  place. 
The  holes  for  the  wires  should  be  bored  with  a  snail  bit 
One  man  on  each  side  of  the  forms  and  one  inside  will 
put  in  wires  almost  as  fast  as  one  man  will  cut  them.  I 
think  that  it  is  safe  to  say  that  forms  can  be  constructed 
in  the  above  manner  for  half  what  it  costs  by  the  usual 
method. 

Many  building  contractors  are  building  all  of  the  forms 
they  can  at  the  shop  and  sending  them  to  the  job  to  be 
set  up  in  place.  They  even  hire  men  to  design  forms  so 
that  they  may  be  built  and  erected  in  the  cheapest  possi- 
ble way.  There  is  no  reason  why  railways  who  do  their 
own  concrete  work  can  not  furnish  concrete  form  plans 
for  small  bridges  and  culverts  and  save  on  the  price  of  the 
foundations.  It  will  pay  bridge  contractors  to  have  a  man 
design  concrete  forms  so  that  the  carpenter  can  make  the 
foriiis  up  in  sections  ready  to  put  together  as  soon  as  the 
excavation  is  completed.  It  will  give  carpenters  plenty 
to  do  while  the  excavating  is  going  on  and  will  save  delay 
for  the  concrete  crew,  because  the  concrete  crew  can  be 
used  to  advantage  in  placing  the  sections  and  wiring  and 
bracing  the  forms  ready  for  concrete. 


HANDLING  LONG  GIRDERS. 

Cin'.tributed  by  J,  C.  Worrell.   Excelsior.  Minn. 

In  1906  the  Kelly-Atkinson  Co.  erected  a  100-ft.  deck 
girder  span  for  the  C.  &  X.  W.  Ry.  at  Manitowoc.  Wis. 
False  work  bents  were  used  to  carry  the  flat  cars  on  which 
the  girders  were  loaded,  and  the  girders  were  unloaded  on 
the  masonrj-  piers  just  outside  of  the  falsework.  The 
contractors  had  a  derrick  car  with  a  boom  which  would 
reach  to  the  center  of  the  girder,  but  the  boom  would  not 
c^rry  the  load  of  one  girder  which  weighed  about  33  tons, 
so  a  gallows  frame  was  constructed  to  handle  one  end 
and  the  boom  of  the  derrick  car  took  care  of  the  other. 
There  were  enough  blocks  on  the  gallows  frame  so  that 
the  niegerhead  on  the  derrick  car  was  used  to  raise  this 


end,  the  other  end  was  handled  in  the  usual  manner  with 
the  boom  of  the  derrick  car. 

There  was  plenty  of  power  to  raise  each  end,  but  the 
girder  was  so  limber  that  it  looked  as  if  it  would  double 
up  before  it  was  landed  on  the  masonrj".  Before  the  sec- 
ond girder  was  raised.  I  suggested  to  the  foreman  that 
he  take  hold  of  the  girder  with  the  boom  about  20  ft.  from 
that  end,  but  to  lift  the  end  with  the  gallows  frame  the 
same  as  before.  The  boom  could  handle  two-thirds  of 
the  weight  of  the  girder  with  no  danger,  so  he  decided  to 
do  it  the  way  I  had  suggested.  The  result  was  that  the 
girder  remained  straight  while  it  was  being  lifted  and 
landed  on  the  masonry  piers. 

Long  girders  are  often  handled  with  two  derrick  cars. 
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and  there  are  derrick  cars  which  can  handle  a  100-ft 
girder  alone,  but  this  one  could  not,  and  the  combination 
of  the  gallows  frame  and  the  derrick  car  seemed  to  be 
the  best  way  to  handle  the  girder  in  this  case.  In  the 
above  case,  the  rigging  was  probably  no  different  than 
has  been  used  many  times,  but  the  important  thing  was 
in  taking  hold  of  the  girder  in  the  right  place  in  order 
to  prevent  buckling. 


ECONOMTi  AL  METHOD  OF  M.\KING  CONCRETE 
SLABS  FOR  BRIDGES. 

Contributed  by  J.   C.   Worrell.    Excelsior.  Minn. 

As  superintendent  for  the  Widell  Company  of  Mankato, 
Minn.,  in  1913.  I  had  occasion  to  save  some  money  on 
some  concrete  slabs  which  we  were  making  for  bridges 
on  the  Great  Northern  Ry.  in  Montana.  The  specifica- 
tions said  that  the  slabs  were  to  be  made  on  the  bridge 
site,  but  the  ground  was  very  broken  and  it  would  have 
required  a  great  deal  of  timber  and  work  to  build  sup- 
ports strong  enough  to  hold  these  slabs.  The  slabs  were 
15  ft.  long.  6  ft.  wide  and  about  3  ft.  thick,  and  they 
weighed  about  1.5  tons. 

I  explained  the  situation  to  the  resident  engineer  and 
got  permission  to  build  them  along  a  siding  about  a  mile 
from  the  bridge  site.  The  forms  were  then  made  on  level 
ground  where  it  required  a  minimum  of  supports,  and 
they  were  built  close  enough  to  the  track  so  that  the 
wrecker  could  easily  reach  the  finished  slabs  and  load 
them  on  flat  cars.  The  crew  finished  a  culvert  job  a 
short  distance  from  this  one  about  the  same  time  that  the 
carpenters  finished  the  forms  for  the  six  slabs.  I  had 
them  load  the  mixer  on  a  fiat  car  and  it  was  placed  on  the 
siding  near  the  forms  for  the  slabs.  The  train  crew 
placed  the  gravel  required  to  mix  the  concrete  on  each 
end  of  the  flat  car  with  the  mixer.  The  cement  was  load- 
ed on  the  flat  car  with  the  mixer,  and  when  the  end  doors 
of  the  gondolas  were  let  down,  it  made  a  good  runway 
for  wheeling  the  gravel  to  the  mixer.  When  the  switch- 
ing was  done,  we  dismissed  the  train  crew  and  moved 
the  cars  with  pinch  bars  from  one  form  to  the  other.  The 
concrete  was  dumped  directly  from  the  mixer  into  the 
forms. 

We  saved  unloading  and  loading  up  the  mixer,  and  one 
handling  of  the  gravel.  No  gravel  was  wasted,  because 
no  more  was  unloaded  than  was  used :  and  the  loaded  cars 
were  not  held  any  longer  than  usual.  Taking  even-thing 
into  consideration,  it  was  a  saving  to  both  the  contractor 
and  the  railwav. 


RAISING    THREE    SINGLE    TRACK.    :40.FT.. 
CONNECTED  TRUSS  BRIDGE  SPANS  6 
FT.  UNDER  TRAFFIC. 
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A  successful  task  of  bridge  raising,  using  very  simple 
methods,  is  illustrated  by  the  accompanying  engravings. 
The  bridge  consists  of  three  single  track,  240-ft.,  pin  conr 
nected  truss  spans  on  masonry  piei-s  as  shown  by  Fi^ 
1.  It  crosses  the  Kiskiminetas  River  on  the  Allegheny 
division  of  the  Pennsylvania  R.  R.  and  carries  a  heavy 
traffic.  In  connection  with  a  general  elevation  of  the  grade 
it  was  required  to  raise  the  bridge  7  ft.  at  one  end  and  0^2 
ft.  at  the  other  end,  and  the  means  devised  for  doing  this 
are  illustrated  by  the  drawings  of  Fig.  2. 

Six  jacking  beams  constructed  as  shown  by  drawings 
I.  U  and  III.  were  built :  these  were  shifted  between  abut  , 
ments  and  piers  as  required.  Considering  one  end  of« 
span,  two  jacking  beams  were  set  up,  one  straddling  eacB 
truss  end.  The  eye-bar  slings  were  slipped  over  the  pin 
ends  which  projected  outside  the  chords  and  had  their 
regular  nuts  replaced  by  pilot  nuts.  The  jacks  were  then 
operated,  raising  the  truss  ends,  blocking  being  placed 
in  a  manner  to  be  described  later,  as  the  raising  prog- 
ressed. Generally  the  procedure  was  as  follows:  Be- 
ginning at  one  abutment  the  span  end  was  lifted  16  in. 
and  blocked;  then  four  jacking  beams  were  taken  to  the 
adjacent  pier  and  both  span  ends  were  raised  16  in.  and  1 


Three    Span    Bridge    Raised    Six     Feet. 


blocked;  then  the  four  jacking  beams  were  taken  to  the 
second  pier  and  both  span  ends  were  raised  and  blocked; 
finally  the  jacking  beams  used  on  the  first  abutment  were 
carried  to  the  other  abutment  and  the  span  end  was  raised 
and  blocked.  The  initial  raise  of  16  in.  being  completed 
for  all  spans,  the  gang  began  a  second  raise  by  work- 
ing back  toward  the  original  starting  point.  These  pro- 
cedures were  repeated  until  the  full  height  of  raise  at 
each  span  end  was  attained. 

The  method  of  blocking  was  an  important  feature  in 
the  success  of  the  operation.  Referring  to  drawing  IV, 
Fig.  2,  as  the  span  was  raised  wedges  were  driven  under 
the  shoes  and  kept  tight.  When  the  shoes  were  high 
enough  to  permit  the  wedges  were  replaced  by  3xl2-in.  x 
4-ft.  planks  laid  three  under  each  shoe  across  pier  as  in- 
dicated at  A.  In  the  same  way  the  stringer  girders  were 
blocked  up  as  indicated  at  B.  Wedging  then  proceeded 
on  the  plank  blocking  until  raising  had  proceeded  suffi- 
ciently to  permit  insertion  of  a  second  set  of  planks  on 
top  of  the  first  set.  Thus  the  raising  and  blocking  pro- 
ceeded until  the  blocking  was  16  in.  high;  then  one  width 
of  plank  blocking  was  removed  and  replaced  by  a  12x12- 
in.  X  4-ft.  timber  block  with  plank  blocks  on  top.  In  the 
same  way  as  second,  third  and  other  rows  of  plank  block- 
ing were  removed  one  at  a  time  and  replaced  by  timber 
blocking.  As  a  full  row  of  timber  blocking  was  com- 
pleted it  was  tied  together  by  3-in.  planks  reaching 
lengthwise  of  the  pier.  This  blocking  procedure  was  re- 
peated until  the  truss  shoes  were  within  18  in.  of  their 
final  height,  then  the  plank  blocking  pieces  were  laid 
lengthwise  of  the  pier  instead  of  across  pier  and  four  rows 
under  each  shoe  and  each  stringer  end.  Next  these  four 
rows  of  plank  blocking  were  removed  one  at  a  time  and 
replaced  by  18-in.  I-beams.  These  I-beams  were  then 
connected  by  batten  plates.  The  next  step  was  to  saw- 
through  the  tie  planks  and  remove  the  three  rows  of  12x 
12-in.  blocks  under  each  shoe.  These  spaces  were  then 
boarded  in  and  concrete  blocks  cast  in  place  with  their 
tops  flush  with  the  tops  of  the  I-beams.  Then  the  re- 
mainder of  the  blocking  was  removed  and  replaced  with 
concrete.  Adjustment  of  the  bridge  ends  on  the  new 
masonry  completed  the  work. 

The   raising  operation   was   conducted  without  getting 


the  spans  out  of  true  except  for  a  lateral  shift  of  2  in. 
at  one  abutment  which  was  easily  rectified  by  jacking. 
The  work  was  done  by  company  forces  under  the  direc- 
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Fig.    2.      Blocking    and    Jacks   for    Raising    Bridge. 

tion  of  Master  Carpenter  E.  W.  Holmes,  to  whom  we  are 
indebted  for  the  information  given  in  this  article. 


The  work  of  wrecking  the  buildings  of  the  Panama  Pa- 
cific Exposition  at  San  Francisco  is  being  done  largely 
with  dynamite. 
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CONCRETING  SMALL  PIERS  FOR  BOAT  HOUSE 
USING  TREMIE. 

The  project  as  authorized  provided  for  the  con.struc- 
tion  of  12  concrete  and  granite  piers,  ranging  in  over-all 
height  from  8  to  14  ft.,  the  granite  extending  from  eleva- 
tion — 0.5  to  elevation  +4.92.  This  type  of  pier  was  pro- 
posed because  of  the  excessive  ice  action  at  the  location 
of  the  boathouse,  due  to  the  shallow  water  and  strong 
currents  through  the  boathouse  channel.  A  typical  pier 
is  shown  in  Fig.  1.  Several  methods  were  considered  for 
placing  of  the  concrete,  including  (1)  premolding,  (2) 
the  use  of  a  cofferdam,  and  (3)  tremie.  The  first  method 
was  rejected  as  impracticable,  because  of  the  uncertainty 
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The  tremie  was  in  two  sections,  one  piece  15  ft.  long  and 
one  piece  2  ft.  6  in.,  the  smaller  section  being  used  with 
the  15-ft.  piece  to  secure  sufficient  length  for  the  deep- 
est forms.  To  the  upper  part  of  the  tremie  pipe  was  at- 
tached a  hopper  3  ft.  high,  36  in.  in  diameter  at  the  top. 
The  upper,  or  fixed,  hopper  had  a  capacity  in  excess  of 
the  volume  of  the  larger  section  of  pipe.  This  capacity 
was  necessary  in  order  to  insure  filling  the  tremie  above 
the  height  of  the  water  with  the  first  batch  of  concrete. 
A  1-2-3.5  concrete  was  used.  The  stone  was  crushed 
granite  1  in.  and  down;  sand  ^4  in.  and  under,  clean  and 
very  well  graded.  The  resulting  mix  flowed  and  handled 
well  and  remained  plastic  for  a  considerable  length  of 
time.     The  concrete  was  conveyed  from  the  mixer  to  the 
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Figs.   1-3.     Tremie   Plant  for  Concreting   Boat   House   Piers. 


of  the  bottom  elevation,  making  it  impossible  to  determine 
the  exact  size  of  blocks,  and  because  of  the  difficulty  of 
placing  and  aligning  accurately  after  casting;  the  second 
was  given  up  because  of  the  e.xcessive  cost,  and  the  lack 
of  such  apparatus  as  pumps,  a  pile  driver  that  would 
handle  sheeting,  etc.;  while  the  third-pouring  in  place  by 
tremie — was  decided  upon  as  being  the  only  feasible  meth- 
od, considering  the  nature  of  the  work,  the  location,  the 
cost,   and  available  plant. 

The  excavation  was  made  with  a  ^2-yd.  bucket  mounted 
on  a  small  power  derrick.  The  material  excavated  was 
soft  silt  and  gravel.  As  the  e.xcavation  for  each  pier 
was  completed,  the  form,  having  been  previously  built, 
was  jjlaced.  All  forms  were  carefully  made  of  2x6-in. 
tongued  and  grooved  yellow  pine  with  4x4-in.  rough  cor- 
ner braces.  The  lower  ends  of  the  corner  pieces  extended 
about  6  in.  below  the  form  proper.  After  placing,  dredged 
material  was  back  filled  around  the  lower  part  of  the 
form  to  prevent  the  concrete  from  working  out  and  to 
keep  the  form  from  moving  laterally  while  pouring.  Eight 
90-lb.  lead  mine  weights  were  hung  on  the  outside  of 
each  form  to  overcome  buoyancy. 

The  layout  of  the  plant  is  indicated  in  Fig.  2,  and  con- 
sisted of  a  V-j-yd.  Austin  cube  concrete  mixer  operated  by 
a  10-hp.  gasoline  motor,  a  15x30-ft.  steel  float  carrying  the 
fixed  tremie  hopper  and  frame  and  a  large  floating  pile 
driver  on  which  was  rigged  a  jury  boom  cariying  a  9- 
cu.  ft.  concrete  bucket.  A  15-in.  tremie  pipe  was  used, 
suspended  from  the  underside  of  the  fixed  hopper  by  two 
3-ton  differential  hand-operated  tackles,  capable  of  rais- 
ing the  tremie  easily  and  rapidly  when  full  of  concrete. 

•Extract  from  a  paper  by  Civil  Engineer  Kirby  Smith  in  Public 
Works   of   the   Navy  for  March,   1916. 


bucket,  on  the  lower  platform,  through  a  tin-lined  wooden 
chute  12  in.  wide  and  10  in.  deep,  the  flow  being  regulated 
at  the  mixer.  To  prevent  loss  of  concrete,  however,  the 
lower  end  of  the  chute  was  fitted  with  a  sliding  gate  and 
the  sides  increased  in  height  to  24  in. 

The  concrete  was  carried  from  the  loading  platform 
to  the  large  upper  hopper  by  the  improvised  derrick  boom 
on  the  pile  driver.  See  Fig.  3.  The  flow  from  this  hopper 
into  the  tremie  was  regulated  by  a  flat  slide  valve  op- 
erated from  the  platform  at  the  top  of  the  tremie  frame. 
When  the  large  hopper,  holding  about  25  cu.  ft.,  was  filled 
with  concrete,  the  tremie  was  lowered  to  the  bottom, 
then  raised  so  as  to  be  just  clear.  A  sack  filled  with  hay 
was  then  placed  in  the  tremie,  floating  at  the  surface  of 
the  water.  The  valve  in  the  upper  hopper  was  then  quick- 
ly opened  wide;  the  flow  of  concrete  forced  the  bag  to 
the  bottom  of  the  pipe,  carrying  all  water  out  with  it. 
When  the  tremie  was  filled  to  a  point  about  2  ft.  above 
the  outside  water  surface,  it  was  slacked  back  so  as  to 
rest  on  the  bottom,  checking  further  flow.  As  more  con- 
crete was  deposited  in  the  upper  hopper  and  allowed 
to  flow  into  the  tremie  pipe,  the  tremie  was  slightly  raised, 
permitting  the  concrete  to  flow  out  into  the  form.  After 
the  form  had  started  to  fill,  the  bottom  of  the  pipe  was 
kept  submerged  in  the  concrete  about  12  in.  In  this  way 
one  surface  only  was  presented  to  the  action  of  the  water. 
Great  care  had  to  be  exercised  in  regulating  the  height 
of  the  tremie,  especially  when  concrete  was  discharged 
from  the  upper  hopper,  as,  with  the  release  of  weight  of 
this  concrete  from  the  smaller  scow,  the  scow  would  rise 
quickly,  carrying  the  tremie  with  it.  Fortunately,  only 
once  during  the  entire  work  was  the  concrete  in  the  pipe 
lost. 


Quantity.  Unit   cost. 

Excavation    150  cubic  yards $1.63  per  cubic  yard 

Forms    1,440  square  feet  contact $0,147  per  square  foot  contact  surface; 

$1.93  per  cubic  yard  concrete. 

3.640  feet  b.  m S0.05S  per  foot  b.  m 

Concrete  109  cubic  yards $9.91  per  cubic  yard 

Granite    25  cubic  yards $23.86  per  cubic  yard 


Total 


Material. 

—Total  cost.— 
Labor. 

Total. 
$    253.52 

$104. SO 
503.90 
422.10 

$106.56 
577.35 
174.50 

211.36 

1,0S1.25 

596.68 

$2,142.81 

July,   26,    1916 
Vol.XLVI.     Xo.4 
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The  pouring  of  two  piers  a  day  was  considered  good 
progress,  as  the  work  had  to  be  conducted  only  at  favor- 
able stages  of  the  tide.  The  form  was  filled  to  about 
mean  low  water  and  then  later  cut  off  to  the  required  ele- 
vation.    This  insured  a  firm,  hard  base  for  the  granite. 

The  granite  was  placed  from  a  small  wooden  float  on 
which  a  hand  derrick  was  rigged.  The  cost  of  the  work, 
including  the  cost  of  rigging  the  pile  driver,  building 
frame  for  tremie,  and  cost  of  the  tremie,  follows: 


HOIST    USED    6N    a    SEVEN-STORY    CONCRETE 

WAREHOUSE,   LOS  ANGELES  HARBOR, 

CALIFORNIA. 

Contributed  by  \V.  D.  Jones.  Assistant  Engineer.  Harbor  Department. 
Los  Angeles,   Cal. 

In  the  construction  of  a  seven-story  concrete  warehouse 
by  the  Merchants'  Realty  &  Investment  Co.,  of  Los  An- 
geles, for  the  city  of  Los  Angeles  Harbor  Department, 
some  method  of  hoisting  materials  from  the  street  level, 
where   they   were    delivered,   to   the    upper   floors    of  the 
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over  the  12-in.  sheave  at  the  top  of  the  guide  timbers  and 
the  end  connected  to  the  middle  transverse  timber  in  the 
hoist  to  allow  the  top  of  the  hoist  to  pass  the  sheave  and 
to  dump.  The  guide  posts  were  built  in  sections,  each 
section  being  the  height  of  a  story,  so  that  to  change  the 
level  of  the  point  of  discharge  the  necessary  sections  were 
added  or  taken  off  as  the  case  might  be.  The  position 
of  the  guides  in  the  plan  is  shown  vertical,  but  it  was 
found  expedient  to  incline  these  so  that  they  rested 
against  the  building  at  floor  level  to  which  material  was 
being  hoisted. 

This  made  dumping  a  little  more  positive,  as  it  increased 
the  angle  of  platform  floor  with  a  horizontal  line  and 
consequently  the  angle  of  the  receiving  timbers,  which 
skidded  the  material  out  on  to  the  floor  of  the  building. 
The  elevation  of  the  lower  floor  was  such,  with  reference 
to  the  street  alongside  the  building,  that  workmen  could 
load  directly  into  the  hoist  from  the  street  level,  but  were 
this  not  the  case,  a  platform  and  incline  could  be  con- 
structed to  accomplish  this  result.  After  material  was 
loaded  on  to  the  hoist  the  writer  timed  several  trips  and 
they  were  made  25  ft.  high,  material  dumped  and  hoist 
returned  to  position  for  loading  in  30  seconds,  and  less. 
One  view   shows  the   hoist   loaded  with   lumber  being 


building  was  desired  and  considerable  thought  was  given 
to  the  design  and  construction  of  a  rig  that  would  do  the 
work  successfully.  The  hoist  shown  was  constructed 
and  proved  exceptionally  satisfactory  in  hoisting  such 
material  as  spiral  reinforcing,  steel  bars,  form  lumber, 
form  panels  and  in  fact  almost  anything  except  concrete 
that  was  desired  on  the  upper  floors.  The  novel  feature 
is  the  dumping  arrangement,  which  was  very  successful. 
Material  was  loaded  into  the  V  made  by  the  inclined  plat- 
form on  the  one  side  and  by  two  hinged  runners  on  the 
other,  the  platform  being  stationary  with  reference  to  the 
hoist  and  the  runners  movable,  one  end  of  the  latter  being 
hinged  to  the  inclined  platform  by  bolting  and  the  other 
running  on  4x4-in.  guides.  When  runners  passed  the  top 
of  the  guides  the  material  piled  against  them  was  auto- 
matically dumped  by  runners  laying  over  on  the  receiving 
timbers  inclined  downward. 

The  incline  was  such  as  to  clear  the  hoist  of  material 
by  gravity  in  almost  all  cases.  The  building  being  con- 
structed is  480  ft.  long  and  two  of  these  hoists  were  built 
and  located  at  about  the  center  of  each  half  of  the  build- 
ing. One  10  H.  P.  General  Electric  motor,  gear  connected 
to  a  hoisting  drum,  operated  both  hoists,  being  moved 
from  one  to  the  other  as  progress  required,  the  motor 
being  set  off  to  one  side  of  the  hoist  in  order  not  to  inter- 
fere with  men  loading  from  either  the  front  or  sides.  A 
cable  was  run  through  a  pulley  at  ground  level,  then  up 


Material    Hoist   for   Building    Work. 

hoisted  and  the  other  shows  it  dumping  the  load;  the 
hinged  runners,  having  straightened  out,  are  under  the 
pile. 


A  STUDY  OF  EFFECTIVE  WIDTH  OF  REIN- 
FORCED CONCRETE  SLABS.* 

The  theory  applied  to  the  design  of  narrow  rectangular 
reinforced  concrete  beams  involves  the  assumption  that 
the  stress  is  constant  throughout  the  w-idth  of  the  beam. 
In  a  wide  slab  the  stress  distribution  varies  from  a  maxi- 
mum at  the  point  of  application  of  the  load  to  a  minimum 
at  the  extreme  edges.  Obviously  then,  if  the  rectangular 
beam  theory  were  applied  to  the  design  of  slabs  under 
concentrated  loads,  the  width  b  used  in  the  design 
formulas  can  not  be  taken  as  the  entire  width  of  the  slab. 
The  rectangular-beam  theory,  however,  could  be  utilized 
in  wide-slab  design  if  it  were  known  what  width  b, 
termed  effective  width,  should  be  substituted  in  the  de- 
sign formulas.  Values  for  effective  width  were  obtained 
from  the  steel  deformations,  as  well  as  from  the  concrete 
deformations,  but  it  was  found  that  the  concrete  deforma- 
tions gave  the  most  conservative  widths,  and  these  were 
therefore  plotted. 

In  Fig.  1  the  effect  of  variation  in  thickness  of  slab  on 

•F.xtract  from  paper  by  A.  T.  Goldbeck  and  E.  B.  Smith  in  Journal 
of  Agricultural  Research.  Department  of  Agriculture,  Washington,  D. 
C,   iiay   S,    1916. 
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effective  width  may  be  seen.  Note  that  as  the  thickness 
increases,  the  effective  width  decreases,  varying  from  109 
per  cent  of  the  span  length  for  a  6-in.  slab  to  75  per  cent 
of  the  span  for  a  lOVlj-in.  slab.  The  least  value  for  effec- 
tive width  shown  by  these  tests  is  roughly,  then,  about 
0.7  of  the  span  length.  Judging  from  the  curve  of  varia- 
tion, it  would  seem  that  under  extremely  heavy  loads,  re- 
quiring very  thick  slabs,  the  effective  width  might  be  de- 
creased as  low,  possibly,  as  0.6  of  the  span  length.  How- 
ever, 0.7  of  the  span  will  always  be  safe,  and  in  general 
is  a  sufficiently  conservative  figure  to  use. 

The  usual  rectangular-beam  design  formulas  may  be  ap- 
plied to  the  design  of  slabs  by  merely  substituting  for  b 
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its  value  as  determined  by  these  investigation,  b  '■ 
The  corresponding  formulas  then  become: 


0.7L. 


For  Rectangular  Beams. 

(1)  M,  =  i'2f.kjbd= 

(2)  M,  =  pfjbd- 


(3)   p  = 


(4)   p: 


bd 


1  i> 


For  Slabs  Under  Central 
Concentrated  Loads. 
7 
M,  =  i2f,.kj  — Ld- 
10 
7 
M.  =  pfJ  — Ld= 
10 
lOa, 

p  = 

7Ld 

p  = 

f,    \  nf, 

k=  \/2pn+(pn)- — pn 
It  is  interesting  to  note  that  in  substituting  for  M^  and 

PL 

M,  in   formulas   1   and   2  their  value ,  the  L's  cancel, 

4 
showing  that  the  safe  load-carrying  capacity  of  the  slab 
is  independent   of  the  span;   thus — 

PL  7  7 

1  becomes =  V2  f,  kj  —  Ld- 

4  10 

PL  7 

2  becomes =  pf  j'  —  Ld- 

4  10 


f,    /  f. 
-      -+1 
f,    \  nf, 

(5)   k=  V2pn+(pn)=— pn 


P  =  — fckjd= 
5 
14 
P  =  p  —  f,jd= 
5 


The  above  investigations  were  made  on  slabs  the  width 
of  which  was  twice  the  span  length,  so  that  the  stress 
at  the  extreme  edges  was  very  small.  The  conclusions 
must  therefore  be  applied  to  such  cases  only.  When  the 
ratio  of  width  of  slab  to  span  length  is  less  than  2,  these 
conclusions  may  or  may  not  apply,  and  additional  inves- 
tigations are  now  being  made  to  determine  the  proper 
value  of  effective  width  to  use  under  such  condition. 


K  IN  (j  1  N  E  E  K  I  N  G 
AND     CONTRACTING 

THE  THICKNESS  OF  FLAT  SLAB  FLOORS. 

("■mtributed    by    Henry    T.    Eddy,    Professor    and    Dean    Emeritus, 
I'nlversity  of   Minnesota. 

The  correct  thickness  of  a  reinforced  flat  slab  depends 
not  only  upon  the  distance  between  centers  of  supports 
and  upon  the  design  load,  but  upon  the  diameter  of  the 
column  cap  and  upon  the  steel  ratio  in  such  a  complicated 
manner  that  it  is  impossible  for  it  to  be  determined  di- 
rectly from  geometrical  and  mechanical  considerations, 
especially  in  view  of  the  fact  that  the  resisting  moment 
of  the  steel  is  the  product  of  the  unit  stress  times  the 
cross  section  of  the  reinforcing  steel  multiplied  by  its 
arm,  and  either  of  these  last  two  factors  may  consequently 
be  varied  at  the  expense  of  the  other  without  varying 
their  resisting  moment. 

It  is  highly  desirable  therefore  to  employ  some  empirical 
formula  for  the  thickness  of  the  slab  from  which  a  value 
may  be  obtained  that  is  based  on  such  a  wide  range  of 
successful  construction  as  to  give  confidence  in  its  relia- 
bility, and  that  at  the  same  time  is  as  simple  as  possible. 

In  the  foregoing  statement  it  is  implied  that  it  is  quite 
possible  to  design  slabs  of  different  thicknesses  for  the 
same  span  and  design  load  and  yet  so  proportion  them 
that  they  will  all  have  the  same  strength.  Their  stiffness 
will,  however,  be  different,  and  some  of  these  designs  will 
be  more  economical  than  others.  Balanced  reinforce- 
ment will  not  necessarily  nor  probably  furnish  the  most 
economical  design,  nor  one  that  is  the  stiffest,  nor  one 
that  is  the  most  advantageous  from  every  point  of  view. 

As  a  general  principle  it  is  advisable  to  have  the  slab 
so  designed  that  the  concrete  in  the  compression  zone  is 
stronger  than  the  steel  in  the  tensile  zone,  because  the 
steel  has  more  definite  and  better  knov/n  properties  than 
the  concrete,  and  in  case  the  steel  is  the  weaker  element, 
since  the  strength  of  any  structure  depends  upon  its 
weakest  element,  the  strength  of  the  slab  may  then  be 
known  with  certainty,  because  it  will  depend  upon  the 
properties  of  such  a  dependable  element  as  the  steel  and 
not  upon  an  unreliable  and  fragile  material  like  concrete. 
This  will  require  that  the  slab  be  under-reinforced  and 
not  over-reinforced. 

Perhaps  the  most  dangerous  fallacy  common  respect- j 
ing  flat  slabs  is  in  making  the  assumption  that  it  is  ad-j 
vantageous  to  so  greatly  increase  the  percentage  of  steell 
as  to  cause  over-reinforcement,  a  thing  that  is  easy  toJ 
do  since  slabs  require  only  about  half  the  percentage  of| 
belt  reinforcement  needed  by  beams. 

This  principle  of  under-reinforcement  fixes  an  upper 
limit  to  the  permissible  or  available  steel  ratio  in  slabsj 
which  in  turn  fixes  their  minimum  thickness  in  a  manner 
similar  to  the  minimum  thickness  of  beams  as  has  been' 
determined  in  our  treatise  on  Concrete-Steel  Construc- 
tion, page  86.* 

It  has  been  found  that  a  formula  for  the  effective  thick- 
ness d  and  the  total  actual  thickness  h  of  a  flat  slab  which 
will  express  the  values  of  these  quantities  in  inches  with 
great  accuracy  is  of  the  following  forms,  viz. : 

d  =  h  —  a  ^  L'  (wo  +  b)  /c 
In  this  L'  =  the  span  from  center  to  center  of  supports  in 
feet;  w»  =  the  total  design  working  load  in  pounds  per 
square  foot;  a  =  the  mean  vertical  distance  at  mid  span 
in  inches  from  the  center  of  action  of  the  steel  to  the 
bottom  of  the  slab,  assumed  as  "s  in.  =  0.875  for  reinforce- 
ment consisting  of  -'^s  in.  round  rods,  and  as  1  in.  for  ^2  in. 
rounds  while  b  and  c  are  constants  determined  so  as  to 
adjust  the  formula  to  safe  practice.  It  will  be  observed 
that  Wn  in  the  formula  is  the  working  live  load  per  square 
foot  at  any  span  whatever  and  b  and  c  are  so  determined 
that  L',  Wo  and  h  or  d  in  the  formula  may  be  regarded 
for  graphical  purposes  as  co-ordinates  of  a  ruled  surface 
in  which,  if  L'  and  w«  be  used  as  rectangular  co-ordinates 
in  a  horizontal  plane,  h  or  d  is  the  vertical  distance  or 
ordinate  of  the  surface  above  that  plane,  but  the  plane 
from  which  d  is  measured  is  "s  in.  above  that  of  h.  This 
surface  is  an  elementary  doubly  ruled  surface  known  as 
a  hyperbolic  paraboloid  in  which  at  any  given  or  assumed 


*Eddy  and  Turner.  Minneapolis,   li'li. 
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V  =  ft 

14xH 
15x15 
16xl(i 
17x1" 


TABLEt   I.— TOTAL.  THICKNESS  h  OF  ROUGH  SLAB  WITH   %-IN.    KOUND  RODS, 
h  =  O.ST  +  (I  Wo  -f   2800)  L.710<  =  0.S7  4-  d  inches. 
L'  =  span  ill  feet.     Wo  =  live  load  in  lb.  per  sq.  ft. 


Wo  =  80. 
. .       .■..24 
5.55 
5.87 
6.18 


ISxlS <l.-17 

ISNlIt. 
20x20. 
21x21. 
'2x22. 
23x2;!. 
24x24. 
26x25. 
16x26. 
27x27. 
28x38. 
28x29. 
SOxSO. 
Slx31 . 


15.80 

7.11 

7.4:; 

7.74 

SOB 

S.36 

8.G7 

8.99 

9.30 

9.61 

9.92 

10.23 

10.55 

32x,-!2 10. S6 


100 

5.35 

5.67 

5.99 

6.31 

6.63 

6.95 

7.27 

7.59 

7.91 

8.23 

8.55 

8  87 

9.19 

9.51 

9. S3 

10.15 

10.47 

10  79 

11.11 


125 

5.49 

5.82 

6.15 

0.4S 

6.81 

7.14 

7.47 

7.80 

S.13 

8.46 

8.79 

9.12 

9.45 

9.7S 

10.11 

10.44 

in.77 

11.10 

11.43 


150 

5.63 

5.97 

6.31 

6.65 

6.99 

7.33 

7.67 

8.01 

8.35 

8.69 

9.03 

9.37 

9.71 

10.05 

10.39 

10.73 

11.07 

11.41 

11.75 


200 

5.91 

6.27 

6.63 

6.99 

7.35 

7.71 

8.07 

8.43 

8.79 

9.15 

9.51 

9.87 

10.23 

10.59 

10.95 

11.31 

11.67 

12.03 

12.39 


250 

0.19 

6.57 

6.95 

7.33 

7.71 

8.09 

8.47 

8.85 

9.23 

9.61 

S.99 

10.37 

10.75 

11.13 

11.51 

11.89 

12.27 

12.65 

13.03 


300 

6.47 

6.87 

7.27 

7.67 

8.07 

8.47 

S.87 

9.27 

9.67 

10.07 

10.47 

10.87 

11.27 

11.67 

12.07 

12.47 

12.87 

13.27 

13.67 


350 

6.75 

7.17 

7.59 

8.01 

8.43 

8.85 

9.27 

9.69 

10.11 

10.53 

10.95 

11.37 

11.79 

12.21 

12.63 

13.05 

13.47 

13.89 

14.31 


400 

7.03 

7.47 

7.91 

8.35 

8.79 

9.23 

9.69 

10.11 

10.55 

10.99 

11.53 

11.87 

12.31 

12.75 

13.19 

13.63 

14.07 

14.51 

14.95 


450 

7.31 

7.77 

8.23 

8.69 

9.15 

9.61 

10.07 

10.53 

10.99 

11.45 

11.91 

12.37 

12.83 

13.29 

13.75 

14.21 

14.67 

15.13 

15.59 


500 

7.59 

8.07 

8.55 

9.03 

9.51 

9.99 

10.47 

10.95 

11.43 

11.91 

12.39 

12.87 

13.35 

■13.83 

14.31 

14.79 

15.27 

15.75 

16.23 


550 

7.87 

8.37 

8.87 

9.37 

9.87 

10.37 

10.  S7 

11.37 

11.87 

12.37 

12.87 

13.37 

13.87 

14.37 

14.87 

15.37 

15.87 

16.37 

16. S7 
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600 

8.15 

8.67 

9.19 

9.71 

10.23 

10.75 

11.27 

11.79 

12.31 

12.83 

13.35 

13.87 

14.39 

14.91 

15.43 

15.95 

16.47 

16.99 

17.51 


value  of  L'  the  thickness  h  increases  uniformly  with  Wo, 
and  at  any  given  value  of  Wi  the  thickness  increases  uni- 
formly with  L'.  Using  convenient  approximate  values  of 
a,  b  and  c  for  'Js-in.  round  reinforcing  rods  the  formula 
may  be  written  in  the  following  form: 

h  =  0.87  +  L'  (wo  +  700)/2500 (1) 

in  which  h  =  the  total  thickness  of  the  slab  in  inches,  and 
L'  -  the  distance  in  feet  from  center  to  center  of  sup- 
ports of  a  square  panel,  while  w«  the  working  live  load 
per  square  foot  of  panel  in  pounds. 

The  manner  in  which  the  numerical  values  of  b  and  c 
given  in  (1)  were  obtained  by  calculation  from  any  two 
known  thicknesses  when  once  the  general  form  first  given 
had  been  assumed  is  as  follows: 

It  is  known  from  experience  that  for  a  17-ft.  panel  and 
a  design  live  load  of  200  lb.  per  square  foot  h  ^=  7  in. 
nearly,  and  for  a  23-ft.  panel  and  a  design  live  load  of  400 
lb.  per  square  foot  h=ll  in.  nearly.     Hence  the  general 
formula  for  these  two  loads  and  these  spans  reduces  to 
7  =  0.87  +  17(200 +  b)c 
11  =  0.87-- 23(400 +  b)'c 
Hence,  b  =  700  and  c  =  2,.500  nearly.     Formula   (1)   may 
also  be  written  in  a  form  convenient  for  calculation  as 
follows : 

h  -=  0.87  +  0.0001  L'  (4w,.  +  2,800) (l)i 

In  Table  I  are  given  the  numerical  values  of  the  thick- 
ness h  for  various  spans  L'  from  14  to  32  ft.  and  various 
live  loads  w.  from  80  to  600  lb.  per  square  foot  calculated 
in  accordance  with  formula  (l)i.  The  work  of  calculating 
this  table  is  greatly  facilitated  by  noting  that  for  any 
given  value  of  L',  h  varies  as  W",  and  for  any  given  value 
of  w,  h  varies  as  L';  that  is,  there  is  a  constant  difference 
in  the  values  of  h  per  hundred  pounds  along  any  given 
horizontal  line  and  a  constant  difference  per  foot  of  span 
down  any  given  column  of  the  table. 

The  values  of  h  given  in  Table  I  agree  closely  with  the 
values  of  the  design  thickness  given  in  the  standard  tables 
employed  for  Mushroom  slabs  from  which  the  floors  of 
more  than  2,000  buildings  have  been  successfully  con- 
structed, but  the  values  in  Table  1  are  very  slightly  in 
excess  of  those  found  in  these  standard  tables  for  large 
spans  and  heavy  live  loads. 

It  seems  desirable  to  prescribe  a  minimum  thickness  of 
h  =  6  in.  which  should  be  adopted  in  practice  in  place  of 
the  few  slightly  smaller  values  computed  in  Table  I. 

In  case  of  rectangular  panels  the  span  of  the  longer 
side  of  the  panel  is  that  designated  by  L',  for,  the  thick- 
ness of  a  floor  consisting  of  rectangular  panels  not  square 
should  be  the  same  as  that  of  a  floor  of  square  panels  hav- 
ing the  same  total  load  and  the  same  span  as  the 
longer  side  of  the  rectangular  panels,  because  for  the 
same  load  the  bending  moments  across  the  belt  on  the 
longer  side  will  be  the  same  in  both  cases  and  further 
the  thickness  should  be  governed  by  the  moments  at  mid- 
span  across  this  side  rather  than  by  those  across  the 
shorter  side,  since  they  are  the  larger. 

In  order  to  compute  the  dead  load  of  the  slab  per  square 
foot  assume  that  reinforced  concrete  weighs  on  the  aver- 
age 1,50  lb.  per  cubic  foot  or  150/12  =  12.5  lb.  per  inch  of 
thickness  per  square  foot  of  slab.    The  dead  load  Wi  per 


square  foot  consequently  may  be  calculated  from  h  the 
thickness  in  inches  as  follows: 

w,  -  12.5  h  =  lOOh/8 (2) 

The  value  of  Wi  for  the  several  thicknesses  already  com- 
puted is  readily  calculated  by  (2)  and  tabulated.  The 
value  of  the  total  load  is  therefore — 

w  =  w.  +  Wi (3) 

which  is  the  sum  of  the  live  and  dead  loads  per  square 
foot  of  slab.  This  may  also  be  readily  tabulated  for  the 
same  live  loads  and  spans  as  in  Table  I.  Tabular  incre- 
ments for  (2)  or  (3)  are  constant  for  equal  increments 
of  L'  or  Wr. 

A  formula  for  the  minimum  thickness  of  flat  slabs  dif- 
ferent from  (1)  has  recently  been  proposed  in  the  new 
ruling  on  the  design  of  reinforced  concrete  flat  slab  floors 
in  the  city  of  Chicago,*  as  follows: 

h  =  .032L'Vw (1)  = 

in  which  L',  w  and  h  have  the  meanings  already  defined  in 
equations  (1)  and  (3),  except  that  L'  is  "defined  as  the 
average  distance  center  to  center  of  columns  of  the  long 
and  short  sides  of  a  rectangular  panel." 

It  is  somewhat  tedious  to  compute  values  of  h  by  this 
formula  (l)'  because  the  dead  load  depends  upon  the 
thickness  which  is  to  be  computed,  a  fact  which  necessi- 
tates repeated  trials  to  find  h,  a  difficulty  avoided  in  equa- 
tions (1)  and  (l)i.  If,  however,  a  table  of  values  of  h  be 
computed  from  (1)=,  like  Table  I,  it  will  be  found  that  the 
values  of  h  so  computed  which  lie  on  a  diagonal  line 
across  the  table  from  the  lower  left-hand  corner  where 
L'  =  32  and  Wo  =  80  to  a  point  on  the  upper  line  where 
L'  =  14  and  Wv  =  400  are  nearly  identical  with  those  in 
Table  I,  but  that  (1).  gives  values  of  h  that  are  increas- 
ingly larger  than  those  in  Table  I  the  nearer  they  lie  to 
the  lower  right-hand  corner  of  the  table.  At  L  =  32,  wo  = 
GOO,  the  value  of  h  so  computed  would  be  nearly  22  in. 
instead  of  17.5  in.  as  given  in  Table  I,  and  at  L'  =  32  and 
w..  =  400  the  value  of  h  would  exceed  that  in  Table  I  by 
more  than  S^o  in. 

Again  (I).'  gives  increasingly  smaller  values  of  h  than 
those  in  Table  I  for  all  points  which  lie  nearer  the  upper 
left-hand  corner  at  L'  =  14  and  wo  =  80,  at  which  point 
the  difference  amounts  to  more  than  1  1  3  in. 

But  these  last  excessively  small  and  inadmissible  values 
of  the  thickness  are  taken  care  of  in  the  Chicago  ruling  by 
a  special  blanket  clause  providing  that  "in  no  case  shall 
the  slab  thickness  be  less  than  one  thirty-second  (1 '32) 
of  the  panel  length  for  floors,  one  fortieth  (1  40)  for 
roofs,  and  also  not  less  than  6  in."  This  last  clause  would 
need  to  be  applied  to  all  points  of  a  table  of  values  for  h 
computed  by  equation  (1)^  between  the  upper  left-hand 
corner  and  a  diagonal  line  drawn  from  L'  =  22',  and  Wi  = 
80  lb.,  to  L'  =  14'  and  w.  =  300,  while  the  clause  requiring 
h  >  L  32  would  apply  to  all  points  in  the  table  where 
w.  <  200  lb.  approximately.  Any  ruling  in  which  the  ex- 
ceptions cover  so  large  a  part  of  the  usual  run  of  build- 
ings evidently  cannot  be  regarded  as  having  any  scientific 
or  theoretically  correct  basis. 

It  is  stated,  however,  in  the  paper  previously  referred 
to  that  (1):  is  based  on  an  accumulation  of  test  results 
in  the  office  of  the  Chicago  Building  Department  from 


•See  Engineering-  Xews,   Sept,   24,  1914,  page  632. 
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which  the  data  respecting  10  selected  buildings  are  tab- 
ulated.* It  seems  desirable  to  compare  the  actual  thick- 
nesses h  of  these  10  selected  slabs  with  the  thickness  hi 
calculated  according  to  (1).  and  the  thickness  \h  accord- 
ing to  (1)5,  as  shown  in  the  accompanying  table.  The 
values  of  h^  as  given  are  only  approximate  and  are  based 
on  a  dead  load  due  to  a  thickness  h.  They  are  consequently 
all  except  No.  9  somewhat  larger  than  would  be  obtained 
by  a  more  exact  calculation.  It  is  evident  that  so  far  as 
these  thicknesses  are  concerned  which  were  specially  se- 
lected to  support  (1)2  they  are  more  nearly  in  accordance 
with  (l)i  than  with  (I):.-. 

Building.                                                            h.  hi.  hj. 

1.  Lyon   &   Healy 7.5                   S  7.1 

2.  111.    Wall    Paper 8.5                   S.4  7.5 

3.  Ed.    Katzinger    8                      7.4  7.4 

4.  Sears- Roebuck    8                      7.4  7.2 

5.  Adam   Schaaf   8  7.4  7.2 

6.  H.  Exp.   &  Van 6.5                   6  4.8 

7.  Am.  Book  Co 10                      S.6  9.2 

S.     Int.    Resjister    7.5  6.2  6.5 

9.     Donnelly    11  10.8  11.8 

10.     Ford  Motor    11  10.4  10.3 

The  same  is  true  of  the  data  contained  in  a  table  of 
buildings  built  on  the  Acme  System  given  by  Mr.  Condron 
of  Chicago,  the  designer  of  two-way  flat  slabs,  tabulated 
in  a  paper  by  him  on  page  8  of  the  Western  Contractor, 
Kansas  City,  March  12,  1913,  in  which  the  deviations  of 
the  actual  thicknesses  from  the  values  calculated  by  (1). 
are  very  striking,  while  the  values  calculated  by  (l)i  are 
mostly  in  good  agreement  with  the  thicknesses  of  the 
slabs  as  actually  built.  So  far  as  can  be  seen  from  these 
comparisons  (l)i  accords  much  more  closely  with  ac- 
cepted practice  than  does  (1):.  For  large  spans  and  heavy 
loads  the  divergence  of  (1)=  and  (l)i  is  relatively  so  large 
as  apparently  to  make  thicknesses  computed  according  to 
(I)-:  prohibitive  by  reason  of  the  large  useless  additional 
dead  load  called  for. 

There  are  three  criteria  according  to  which  judgment 
may  be  passed  upon  the  correctness  of  the  thicknesses  as 
above  computed. 

One  of  these  has  already  been  mentioned,  namely, 
good  agreement  with  a  wide  range  of  common  practice, 
which  would  usually  be  regarded  as  an  ample  and  suffi- 
cient basis  for  an  empirical  formula,  and  in  fact  is  the 
only  basis  adduced  in  favor  of  the  Chicago  Ruling,  but 
as  has  been  shown  the  agreement  in  that  case  is  not  so 
good  as  is  desirable. 

The  second  criterion  is  that  the  thickness  shall  not  be 
so  small  as  to  produce  undue  compressive  stresses  in  the 
slab  nor  require  an  unduly  high  percentage  of  steel.  The 
fulfillment  of  this  second  criterion  depends  upon  the  exist- 
ence and  validity  of  a  complete  analytical  theory  of  the 
stresses  in  flat  slabs  such  as  the  present  writer  has  de- 
veloped elsewhere,  by  which  thickness  as  above  computed 
has  been  found  sufficiently  large  to  fulfill  all  requirements 
of  this  nature. 

The  third  criterion  requires  that  the  thickness  shall 
not  be  so  small  as  to  allow  deflections  that  are  prohibitive 
from  a  structural  or  practical  standpoint.  It  has  been 
found  that  all  requirements  of  this  kind  are  also  fully  met 
by  the  thickness  as  above  computed. 


LARGE    BRIDGE    PIER    CONSTRUCTION    USING 
STEEL  FORMS. 

(Contributed.) 

The  views  accompanying  illustrate  a  construction  de- 
tail of  the  new  railway  bridge  being  built  across  the 
Ohio  River  at  Metropolis,  111.  The  eight  main  span  piers 
and  the  approach  viaduct  pedestals  of  this  bridge  are 
concrete  and  are  being  molded  in  all  details  by  steel  forms. 
We  believe  that  this  is  the  most,  notable  recorded  use  of 
steel  forms  in  bridge  pier  construction.  This  bridge  is 
notable  in  several  particulars.  It  connects  the  Atlantic 
Coast  Line  and  the  Louisville  &  Nashville  railways  with 
the  Chicago,  Burlington  &  Quincy  and  Great  Northern 
railways,  thus  linking  up  a  great  transcontinental  system. 
It  contains  the  longest  simple  span  ever  constructed.  It 
uses  silicon  steel  and  nickel  steel  for  all  main  truss 
members. 


•See   Engineering  News,   Sept.   24.   1914,  page  635. 
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The  present  season  will  probably  see  the  completion  of 
all  the  masonry  for  the  bridge,  the  erection  of  approaches 
on  both  the  Illinois  and  Kentucky  shores,  and  the  com- 
pletion of  three  of  the  seven  river  piers.  Material  prog- 
ress has  been  made  on  the  work,  and  with  a  favorable 
river  stage,  it  is  predicted  that  the  bridge  will  be  fin- 
ished ahead  of  the  time  originally  estimated,  as  at  pres- 
ent the  forces  engaged  in  the  construction  are  in  ad- 
vance of  the  schedule. 

The  bridge  is  of  more  than  ordinary  interest  from  an  en- 
gineering standpoint.  It  will  have  one  of  the  longest  simple 


Fig.   1 — Conical   Pedestals  for  Approach   Viaducts.   Metrcpoiis   Bridge. 

truss  spans  of  any  bridge  in  the  world,  the  main  channel 
span  being  720  ft.  which,  according  to  an  official  state- 
ment, "exceeds  by  45  ft.  any  similar  span  already  erected." 
The  river  piers  are  founded  on  a  thick  stratum  of  white 
quartz  sand  75  ft.  below  water  level.  As  rock  is  230  ft. 
below  the  low-water  elevation,  rock  foundations  are  out 
of  the  question,  and  the  footings  for  the  piers  are  of  the 
spread  type,  with  pronounced  offsets  at  their  connection*  | 
with  the  shafts  of  the  piers. 

The  main  channel  span,  which  is  near  the  Kentucky  ; 
shore,  will  be  separated  from  the  south  approach  viaduct 
by  a  span  of  249  ft.  11  in.  North  of  the  long  span  there 
will  be  four  spans  of  557  ft.  4  in.  and  one  span  304  ft.  3 
in.,  all  through  truss  type.  The  north  approach,  on  the 
Illinois  side,  consists  of  1,590  ft.  of  steel  viaduct,  and  the 


Fig.   2 — Forms   for   Cutwater   Portion    of    IVIain    Pier. 

south  approach,  on  the  Kentuckv  side,  of  600  ft.  of  via- 
duct. "  I 

Within  the  past  year  the  north  approach  has  been  com- 
pleted and  the  substructure  for  the  south  approach  fin- 
ished. At  present  work  is  progressing  satisfactorily  onl 
the  superstructure  of  the  south  approach.  The  work  on 
the  piers  for  the  main  span,  using  the  pneumatic  process 
and  Blaw  steel  forms,  has  been  under  way  for  about  a 
year.  j 

The  track  on  the  channel  span  will  be  on  a  level  grade 
113  ft.  above  low  water  with  .3  per  cent  grades  descend- 
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ing  on  either  side.  The  difference  between  high  and  low 
water  stages  is  52.7  ft.,  providing  a  clear  headroom  under 
the  bridge  at  high  water  of  53  ft.  The  bridge  will  be 
5,700  ft.  from  end  to  end  and  3,245  ft.  long,  exclusive  of 
the  approaches. 

Blaw  Steel  Forms  are  being  used  in  the  building  of  the 
piers  and  the  pedestals  for  the  steel  work  of  the  ap- 
proaches.    Over  90,000  cu.  yd.   of  concrete   and   120,000 


Fig.   3 — Completed    Pier,   Sliowing   Conical    Nose   Forms. 

bbl.  of  cement  will  be  used.  There  will  be  19,000  tons 
of  steel  in  the  bridge.  The  main  channel  pier,  known 
as  Number  6,  will  be  105x65  ft.  at  the  base  and  will  be 
195  ft.  high,  requiring  15,000  cu.  yd.  of  concrete.  The 
distance  from  the  base  of  this  pier  to  the  top  of  the  main 
channel  bridge  span  will  be  317  ft. — higher  than  many 
so-called  skyscrapers. 

The  plans  of  the  Burlington  Railroad  and  the  Nash- 
ville, Chattanooga  &  St.  Louis  Railroad  in  the  prosecution 
of  this  work,  also  contemplate  the  building  of  extensive 
yards  on  the  Kentucky  side  of  the  river,  and  all  told,  with- 
in the  next  two  years  there  will  have  been  expended  in 
this  undertaking  approximately  $6,000,000,  which  includes 
the  bridge  and  the  construction  of  a  12-mile  line  of  double- 
track  railroad  from  a  point  near  Paducah  to  the  bridge, 
and  which  line  will  form  the  connection  with  the  Nash- 
ville, Chattanooga  &  St.  Louis  Railway  at  Paducah,  the 
connection  with  the  Burlington  being  at  Metropolis. 


BENSALEM  AVENUE  CONCRETE  ARCH  BRIDGE, 
PHILADELPHIA,  PA. 

Contributed    by   Jonathan   Jones.    Assistant   Engineer   of   Bridges.    De- 
partment of   Public  Worlis,   Philadelphia,   Pa. 

The  city  of  Philadelphia  has  just  awarded  the  contract 
for  what  promises  to  be  its  most  important  concrete 
bridge,  excepting  only  the  Walnut  Lane  arch,  which  when 
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The  city  has  recently  completed  its  Northeast  Boule- 
vard, extending  from  a  point  on  North  Broad  St.  a  dis- 
tance of  some  seven  miles  in  a  general  northeasterly  direc- 
tion and  of  300-ft.  width,  then  branching  from  a  circular 
plaza  into  three  lesser  avenues  of  150-ft.  width  each,  in 
the  direction  of  three  important  suburbs.  Bensalem  Ave. 
is  the  most  northerly  of  these  three  branches  of  the 
boulevard,  and  when  completed  will  become  a  part  of  the 
transcontinental  or  "Lincoln"  Highway,  and  will  connect 
Philadelphia  and  New  York,  and  carry  a  great  volume  of 
motor  traffic.  It  traverses  rolling  country,  and  the  bridge 
floor  is  approximately  60  ft.  above  the  stream  bed.  On 
both  banks  of  the  stream,  for  several  miles  in  each  direc- 
tion, the  city  has  acquired  the  land  for  the  development 
of  what  is  de.stined  to  be  one  of  the  most  important  of  its 
parks,  and  the  architecture  of  the  bridge  has  accordingly 
been  designed  in  a  manner  befitting  the  importance  of  the 
thoroughfare,  and  also  presenting  an  attractive  appear- 
ance as  viewed  from  the  park  below. 

The  width  of  the  bridge,  center  to  center  of  railings,  is 
78  ft.,  which  accommodates  all  the  trafficway  of  the  150-ft. 
wide  street,  eliminating  only  the  major  portion  of  the  sod- 
ding and  planting  spaces  of  the  wider  portion.  It  carries 
a  54-ft.  cartway,  which  allows  six  lines  of  traffic  of  9  ft. 
each,  hence  can  in  the  future  accommodate  a  double-track 
electric  railway,  with  one  fast-moving  and  one  slow-mov- 
ing line  of  vehicular  travel  in  each  direction  outside  of 
the  tracks.  By  gradual  curves  in  the  curbing  the  two 
separate  cartways  of  the  150-ft.  street  are  gradually 
merged  into  the  single  driveway  over  the  bridge. 

South  of  the  creek,  the  park  is  fairly  level  with  the 
creek  bank  for  about  80  ft.,  then  rises  sharply  with  a 
heavily  wooded  slope.  On  the  northerly  bank  the  rise  is 
more  gradual  and  not  wooded  to  any  extent.  The  ap- 
proach retaining  walls  extend  practically  across  the  val- 
ley, it  being  deemed  inadvisable  from  the  park  standpoint 
to  shorten  the  walls  for  economy  and  to  intrude  IV2  to  1 
or  similar  slopes  into  the  natural  contours  of  the  park 
and  to  sacrifice  the  old  timber  on  the  south  approach. 

The  general  proportions  of  the  structure  were  carefully 
studied  in  elevation  and  perspective,  from  viewpoints  in 
the  valley  and  viewpoints  on  the  roadway,  and  tested  for 
reasonable  economy  before  being  finally  determined  upon. 
The  resulting  elevation  presents  three  elements: 

(1)  The  principal  or  bridge  structure  of  three  semi- 
circular spans,  a  central  span  of  100  ft.  clear  width  cross- 
ing the  stream,  and  two  side  spans  of  60  ft.  clear  width, 
allowing  for  any  desired  development  of  park  drives,  foot- 
paths, etc. 

(2)  The  approach  retaining  walls. 

(3)  Massive  pylons  separating  the  bridge  structure 
from  the  retaining  wall  approach. 

The  arch  spans  are  not  structurally  novel.  Solid 
spandrels  were  from  the  outset  considered  desirable  to 
give  a  massive  effect,  and  these  were  designed  as  gravity 


Fig.  I^Bensalem   Ave.   Concrete   Bridge. 


constructed  in  1908  was  a  pioneer  in  ribbed  arch  con- 
f^uction  in  concrete.  The  bridge  just  placed  under  con- 
tact is  to  carry  Bensalem  Ave.  over  Pennypack  Creek  and 
the  Pennypack  Park  drives. 


sections  of  solid  concrete,  with  a  base  width  of  .45  the 
height,  according  to  Philadelphia  practice.  Several  alter- 
native designs  were  worked  up  for  comparative  estimates, 
including  designs  which  dispensed  with  the  earth  filling. 
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thinned  the  spandrels  to  bearing  walls  and  by  interior 
piers  or  columns  supported  a  roadway  slab,  and  including 
designs  which  employed  the  earth  filling,  but  balanced 
the  earth  thrusts  by  means  of  transverse  ties  from  one 
spandrel  to  the  other.  None  of  these  alternate  schemes, 
however,  showed  any  certain  economy  that  would  compen- 
sate for  its  complexity  or  for  sacrificing  the  unlimited 
pipe  and  duct  space  afforded  by  the  unobstructed  earth 
fill.  If  the  bridge  were  less  wide,  this  result  would  not 
obtain;  it  is  because  the  cost  of  the  spandrel  walls  is 
spread  over  about  80  ft.  of  bridge  width,  that  they  do  not 
show  up  badly  in  cost  per  square  foot. 

The  60-ft.  arches  are  of  the  solid-barrel  type,  but  with  a 
saving  of  material  in  the  piers  and  abutments,  by  the  use 
of  buttresses  in  the  latter  and  cross-walls  in  the  former. 
For  the  100-ft.  arch  a  small  and  problematical  saving,  cer- 
tainly not  $1,000,  was  estimated  for  the  construction  of 
six  ribs  with  reinforced  slabs  spanning  the  spaces  be- 
tween them,  the  ribs  being  thickened  at  the  slab  supports 
for  the  additional  load.  At  even  an  equal  cost,  however, 
this  construction  was  preferred  as  to  appearance,  for  it 
conveys  the  sense  of  direction  of  the  principal  span,  while 
the  smooth  soffits  of  the  side  arches  emphasize  the  trans- 
verse direction,  which  is  the  direction  of  park  travel 
through  them.  A  separate  price  was  taken  for  the  water- 
proofing of  the  extrados  of  all  arches  with  arihalt  mastic, 
and  as  a  favorable  price  was  received,  this  wiii  be  ordered. 
The  pylons  flanking  the  arch  structure  have  strong  pro- 
jections from  the  general  surface  of  the  bridge  and  are 
naturally  built  hollow  with  a  vertical  slab  in  the  rear 
transmitting  the  earth  pressure  with  the  aid  of  horizontal 
reinforcement,  to  the  side  of  buttress  walls.  Since  the 
pylons  are  hollow,  they  lend  themselves  to  a  number  of 
possible  future  uses,  for  storage  rooms,  comfort  stations 
and  other  park  purposes,  perhaps  a  stairway  from  the 
upper  to  the  lower  level ;  doorways  and  windows  are  there- 
fore incorporated  in  the  architectural  treatment. 

The  high  retaining  walls  possess  possibly  the  greatest 
interest,  as  regards  both  design  and  the  conditions  of  the 
contract  letting.  Walls  as  high  as  60  ft.  at  the  highest 
point  naturally  promised  considerable  economy  through 
the  use  of  reinforced  concrete  rather  than  the  gravity 
type,  especially  since  access  to  the  bridge  site  is  not  easy 
and  the  cost  of  hauling  is  adverse  to  the  type  of  design 
that  uses  the  greater  quantity  of  material. 

The  question  of  design  is,  however,  inseparable  from 
the  question  of  architecture  and  of  surface  finish,  for 
these  two  elements  must  be  given  weight,  as  well  as  econ- 
omy, in  planning  so  important  a  structure.  Concrete  is 
regarded  as  an  acceptable  substitute  for  stone  in  the  con- 
struction of  bridges  in  Philadelphia  only  in  so  far  as  it 
can  be  given  an  acceptable  texture  and  color,  either  by 
the  scrubbed  or  Quimby  finish,  or  by  bush-hammering 
and  chiseling.  In  either  case,  a  desirable  surface  requires 
a  facing  mixture  different  from  the  body  concrete,  using 
a  small  aggregate  of  ^4  to  %  in.,  either  of  stone  chips  or 
pebbles.  For  the  Bensalem  Ave.  bridge  it  was  felt  desir- 
able to  set  against  the  green  trees  and  meadows  of  the 
surrounding  landscape,  a  warm  buff  color  which  has  sev- 
eral times  been  obtained  by  the  scrubbing  method,  with 
brown  and  yellow  pebbles  (locally  obtainable)  for  the 
aggregate  of  the  facing  mixture.  Previous  experience 
with  facing  mi.xtures  in  high,  thin  walls,  has  shown  that 
from  3  ft.  to  3^:;  ft.  of  thickness  is  absolutely  necessary  if 
the  workman  is  to  obtain  a  uniform  and  acceptable  sur- 
face and  prevent  the  backing  mixture  from  working  to  the 
face  in  unsightly  patches.  This  is  particularly  true  when 
the  reinforcerftent  is  at  all  heavy  and  near  the  face. 

For  the  design,  which  was  studied  in  reinforced  con- 
crete of  the  usual  slab,  platform  and  counterfort  type,  it 
was  thei-efore  required  that  the  slab  should  have  a  least 
thickness  of  3  ft.  3  in.,  to  allow  for  proper  manipulation 
of  the  facing.  Under  this  restriction  as  to  amount  of 
material,  and  using  reasonably  higher  unit  prices  to  allow 
for  the  slower  and  more  difficult  placing  and  the  probable 
working  of  the  mixer  at  less  than  its  capacity,  the  differ- 
ence in  cost  of  the  reinforced  wall  was  only  slightly  in 
its  favor. 
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Further  consideration  led  to  a  design.  Fig.  2,  in  which 
the  facing  mixture  was  in  general  the  only  mixture  on  the 
face  walls,  so  that  this  wall  could  be  poured  from  above 
with  no  necessity  for  keeping  it  separated  from  any  back- 
ing mixture.  A  thickness  of  9  in.  was  determined  on  for 
this  face  wall,  and  it  was  of  course  excluded  from  any 
other  duty  than  that  of  rendering  the  desired  appearance. 
The  earth  pressure  was  to  be  resisted  by  a  reinforced, 
inclined  slab,  back  of  and  independent  of  the  face  wall, 
and  carrying  its  strains  by  horizontal  reinforcement,  to 
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Fig.   2 — Gravity   Section    Retaining   Wall 
Fig.  3 — Hollow  Retaining  Wall. 

counterforts.  The  front  faces  of  these  counterfoi-ts 
would  require  facing,  and  were  designed  of  ample  dimen- 
sions to  permit  of  that  being  done.  Such  a  design  gives 
high  toe-pressures,  as  the  width  of  base  is  the  width  only 
of  the  counterforts,  the  face  wall  being  arched  up  so  as 
to  take  no  foundation  pressure  and  hence  develop  no 
cracks.  In  the  present  instance,  the  presence  of  hard 
rock  near  the  surface  makes  these  toe-pressures  entirely 
acceptable.  The  apparent  advantage  of  such  a  wall  is 
that  the  slab  which  actually  resists  the  earth  thrust  can 
be  built  speedily,  in  large  sections,  and  with  rough  forms. 
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If  eventually  leaks  should  develop  at  construction  joints, 
they  would  be  in  joints  parallel  to  the  main  reinforce- 
ment and  would  rust  out  only  a  rod  or  two  adjacent  to  the 
joint,  doing  no  great  damage.  Seepage  through  such 
joints  would  not  reach  the  showing  face  because  of  the 
gap  between. 

Cost  estimates  indicated  that  such  a  wall  would  be 
considerably  cheaper  than  the  slab-platform-counterfort 
type,  allowing  for  the  additional  forms  and  deducting  for 
the  reduction  in  earth  fill.  It  promised  to  be  several 
thousand  dollars  cheaper  than  a  gravity  wall  of  .45  base 
width,  which  was  of  course  the  criterion  for  stability  used 
in  reinforced  designs.  It  was  felt,  however,  that  such 
comparative  estimates  should  on  so  lai'ge  a  structure  be 
checked  by  the  taking  of  actual  bids,  and  therefore  the 
gravity  design,  Fig.  3,  was  advertised  in  competition  with 
the  hollow  design.  Five  bidders  submitted  proposals,  and 
of  these  two  favored  the  reinforced  design,  while  the  other 
three  bid  lower  on  the  gravity  type,  one  by  as  much  as 
121,000. 

Bids  received  at  this  particular  time  hardly  establish 
any  generalities,  however,  as  the  diversity  of  opinion 
among  bidders  is  shown  by  the  discrepancy  of  nearly  100 
per  cent  between  the  high  and  low  bids  received.  There 
was  a  difference  of  about  20  per  cent  between  the  lowest 
and  second  bid. 

The  contract  was  awarded  to  Day  &  Zimmerman,  of 
Philadelphia,  at  an  aggregate  price  of  about  $200,000. 
The  contract  includes  such  a  diversity  of  items  that  it  is 
impossible  to  compare  this  directly  with  other  bridge 
prices.  It  represents  about  $4.15  per  square  foot,  includ- 
ii^  the  fill  in  place  without  paving. 

This  contract  is  under  the  direction  of  Mr.  George  E. 
Datesman,  Director,  Department  of  Public  Works;  Mr. 
Chester  E.  Albright,  Chief  Engineer,  Bureau  of  Surveys. 
Mr.  Jonathan  Jones,  Assistant  Engineer,  is  in  charge  of 
the  Bridge  Division  and  directly  responsible  for  design 
and  construction. 


THE  ECONOMICAL  SECTION  FOR  SHORT  SPAN, 

REINFORCED   ARCHES   CARRYING   LIGHT 

HIGHWAY  LOADINGS. 

Contributed    by    C.    B.    McCuUough.    Assistant    Highway    Engineer, 
Io\^a   Highway    Commission. 

Until  quite  recent  years,  when  the  development  of 
highway  engineering  has  directed  the  attention  of  en- 
gineers and  designers  to  the  possibility  of  concrete  and 
reinforced  concrete  for  short  span  highway  bridge  con- 
struction, careful  analytical  designing,  particularly  of 
arch  structures,  has  been  largely  limited  to  those  wherein 
the  live  loadings  were  relatively  heavy  and  thus  a  gov- 
erning factor  in  the  design.  We  find  a  great  deal  of  lit- 
erature available  concerning  the  "linear  arch"  for  dif- 
ferent assumptions  of  loading  (notably  the  Parabola, 
the  Transformed  Catenary  and  the  "Geostatic"  curve  of 
Rankine),  or  concerning  the  enveloping  curves  of  an  as- 
sumed middle  third  area  of  which  the  method  of  Alex- 
ander and  Thompson  is  typical.  The  apparent  purpose 
of  all  investigations  of  this  type  has  been  to  reduce  dead 
and  to  some  extent  live  load  stresses  by  a  proper  selec- 
tion of  the  axial  curve  of  the  arch.  For  ordinary  load- 
ings such  information  is  of  great  value  to  the  designer. 
In  the  design  of  the  short  span,  spandrel  filled  arch,  for 
the  lighter  highway  loadings,  however,  other  factors  en- 
tering into  the  design  (particularly  in  localities  having 
climatic  conditions  such  as  obtain  in  the  northern  middle 
west)  render  the  selection  of  the  depth  of  ring  section 
and  its  method  of  varying  from  crown  to  spring  line  of 
equal  if  not  greater  importance  than  that  of  the  axial 
curve. 

It  is  a  fact  well  known  to  all  designers  that  the  mo- 
ments induced  in  a  fixed  arch  by  internal  temperature 
changes  will  vary  as  the  moment  of  inertia  of  the  sec- 
tion and  thus  very  nearly  as  the  cube  of  the  depth  of  sec- 
tion. (This  relationship  is  absolutely  true  for  plain 
sections   and   very   approximately  so  for  reinforced   sec- 
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tions.)  The  moment  of  resistance  of  these  same  section.s 
varies  as  the  second  power  of  the  depth  of  section 
(strictly  true  for  plain  and  approximately  so  for  rein- 
forced sections).  Obviously  then  the  fibre  stress  induced 
by  the  above  forces  will  vary  almost  directly  as  the  depth 
of  section.  (This  relationship  is  somewhat  modified  by 
the  direct  stress,  the  effect  of  which  is  to  increase  the 
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Concrete   Arch    Stress   Analysis. 

fibre  compression  and  decrease  the  fibre  tension  for  a  rise 
in  temperature  and  to  modify  in  a  reverse  order  for  a  tem- 
perature drop,  but  the  effect  of  such  direct  stress  is  not 
large.) 

While  the  above  relationships  hold  equally  well  for 
structures  designed  for  heavy  live  loading  it  is  usually 
the  case  that  the  decrease  in  dead  and  live  load  fibre 
stress  alwavs  incident  to  an  increase  in  section  will  be 
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ENGINEERING 
AND     CONTRACTING 


TABL.E   1.— COMPARATIVE   STRESS   VALUES   IN   ARCH    RINGS   A   AND    B. 


Section. 


Ix)ading. 


f  Dead  load. 


Crown    -j  Temperature   rise. 

[Rib   siiortening. . ., 


Moment- 


King  B. 

—  2.416 

—  S,108 
+  1.824 


-Thrust- 


Ring  A. 

1'4.000 

3, GOO 

—      900 


Ring  B. 

2.i,370 

8,123 

—  1,828 


•Tension  in 
reinforcing  steel. 
Ring.  A.  Ring.  B. 


•Compres- 
sion in  concrete. 
Ring  A.  Ring  B. 


Total 


—  6,981 

f  Dead  load +2,430 

Section  10 -l  Temperature   rise +  6.260 

[  Rib   shortening • —  1,565 


—  8,700 

+  3,496 

+  9,292 

—  2,095 


Total 


Section    A.    A.    and    Section  (Dead  load 

B.  B.  (see  Pig  I.) ■)  Temperature  drop. 

[Rib   shortening.... 

Total    

f  Dead  load 

Point   11 i  Temperature  drop. 

(.  Rib   shortening.  . . . 


+  7,125 

+  560 

—  7.710 

—  1,927 


+  10,693 

+  2.796 
—12,616 
—  2,840 


26,700 

25,500 
3,400 

—  S50 

28.050 

25,500 

—  3,340 

—  835 


31,665 

26,220 

7,900 

—  1,782 


785 


—  9,078 

—  4,711 
—13,080 

—  3,270 


—12,660 

—  2,476 
—29,292 

—  6,590 


21.325 

27,750 

—  3,270 

—  818 


32,338 

26.200 

—  7,820 

—  1,760 

16,640 

27.650 

—  7,560 

—  1,700 
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Total 


fDead  load 

Spring  line -.  Temperature  drop. 

. -^*i  [Rib    shortening.,.. 


—21,061 

—23,961 
—21,060 
—  5.265 


—38,368 

—30,454 
—49,172 
-11.080 


Total   —50,286 


—90,706 


23,662 

29,500 

-  3,240 

-  810 

25,450 


6.070 


371 


396 


3S6 


18,390 

30,900 

—  7,460 

—  1,680 


9,050         23,000 


506 


21,760 


19,860         31,000 


655 


631 


♦The  stresses  in  the  material  were  tigured  on  the  basis  of  a  "era  cKed  section" — that  Is.  the  steel  assumed  to  take  the  entire  tensile 
stress.  In  reality  such  a  cracked  condition  would  alter  the  position  o  f  the  neutral  axis  and  therefore  the  pressure  curve.  However,  lor  our 
present  purpose  "this  method  gives  a  very  good  indication  of  the  actual  comparative  stress  conditions. 


sufficient  to  more  than  compensate  for  the  increase  due 
to  temperature  stresses  as  above  set  forth. 

In  the  design  of  light  short  span  highway  arches  car- 
rying a  spandrel  fill  ordinary  live  loading,  on  the  other 
hand,  is  very  rarely  sufficient  in  amount  to  materially 
modify  the  fibre  stresses  or  the  position  of  the  curve  of 
equilibrium.  The  dead  loadings  are  generally  much  larger 
than  the  live,  but  do  not  in  many  cases  induce  the  de- 
termining fibre  stresses.  Exhaustive  experiments  to  de- 
termine the  annual  internal  temperature  range  in  con- 
crete structures  typical  of  those  under  discussion  have 
recently  disclosed  a  yearly  range  considerably  in  excess 
of  that  which  was  formerly  generally  believed  to  exist. 
the  eff"ect  of  which  range  is  to  induce  stresses  which  in 
many  cases  are  the  governing  factors  in  the  design,  and 
(paradoxical  as  it  may  seem),  it  is  nevertheless  a  fact 
that  in  many  cases  an  increase  in  material  in  the  arch 
ring  proper  actually  operates  to  raise  the  unit  fibre 
stresses  due  to  the  combined  loadings  above  mentioned. 

It  is  not  the  purpose  of  this  article  to  enter  into  any 
mathematical  discussion  of  the  above  relationships,  but 
rather  to  submit  a  comparison  of  two  arch  rings  illustrat- 
ing in  a  vivid  manner  the  extent  to  which  the  above  facts 
determine  the  selection  of  the  economical  shape  and  size 
of  the  arch  ring. 

The  two  arch  rings  hereinafter  designated  as  "Ring 
A"  and  "Ring  B"  were  recently  submitted  to  the  writer 
for  approval.  Analysis  was  made  of  each  ring  and  the 
difference  in  fibre  stresses  being  so  noticeable,  the  in- 
tradosal  curves  were  slightly  modified  so  as  to  exactly 
superimpose  and  a  comparative  analysis  made. 

The  crown  depth  for  both  spans  is  12  in.,  varying 
through  a  depth  of  13  in.  at  the  quarter  to  a  depth  of 
32  in.  at  the  spring  for  "Ring  A,"  and  varying  through 
a  depth  of  17  in.  at  the  quarter  to  a  depth  of  46  in.  at 
the  spring  for  "Ring  B."  The  comparative  analysis  has 
been  made  for  dead  load,  temperature  and  rib  shortening, 
the  live  load  being  too  small  to  materially  change  the 
stress  ratios,  or  increase  the  fibre  stresses.  Stresses  were 
computed  at  the  critical  points  along  the  ring  and  a  tab- 
ulated comparison  given  in  Table  I. 

A  study  of  the  above  table,  together  with  the  stress 
sheets  of  Fig.  1,  will  reveal  the  following  significant 
facts : 

1.  Arch  ring  "B"  contains  about  21  per  cent  more  ma- 
terial than  arch  ring  "A,"  thus  increasing  the  cost  for 
materials  and  for  mixing  and  placing  of  concrete  in  about 
that  ratio. 

2.  Notwithstanding  the  above  increase  In  material  the 
average  compression  in  arch  ring  "B"  is  about  11  ^  2  per 
cent  and  the  average  tension  about  90  per  cent  in  excess 
of  the  corresponding  values  in  arch  ring  "A"  for  the 
same  loadings. 

3.  The  deflection  under  dead  load  stress  at  the  crown 


is  .0468  in.  for  arch  ring  "A"  and  .037  in.  for  arch  ring 
"B."  Both  these  movements  being  comparatively  small, 
the  increased  rigidity  of  arch  ring  "B"  is  but  a  small 
advantage. 

4.  The  abutment  toe  pressure  for  arch  ring  "B"  is  14 
per  cent  in  excess  of  that  for  arch  ring  "A"  due  to  the 
greater  value  and  less  inclination  of  thrust  at  the  spring- 
ing lines. 


W'tI-W^-^' 


"ds"  is  an  infinltesmal  increment  of  axis  length,  "I"  the  moment  of 
inertia  at  any  point,  and  "y"  the  ordinate  to  the  same  measured  from 
a  straight  horizontal  line  through  the  crown. 

It  is  thus  seen  that  the  comparison,  both  as  regards 
cost  and  stress  condition,  is  favorable  to  arch  ring  "A" 
wherein  the  depth  of  section  is  not  materially  increased 
for  the  central  half  of  the  span.  It  will  be  noted  that 
the  equilibrium  polygon  for  temperature  is  a  straight 
horizontal  line  whose  distance  below  the  crown  is  a  fixed 
quantity  for  a  given  arch.'  Obviously,  then,  the  tempera- 
ture stress  will  decrease  from  crown  towards  spring  line, 
passing  through  a  zero  value  at  the  intersection  of  the 
equilibrium  polygon  with  the  arch  axis  and  assuming 
Its  original  or  crown  value  (with  opposite  sign)  at  a 
point  symmetrical  with  the  crown  with  reference  to  the 
equilibrium  polygon  as  an  axis  of  symmetry.  This  lat- 
ter point  may  be  termed  the  "equivalent  crown  point  for 
temperature  stress."  It  is  thus  apparent  that  as  a  pro- 
vision against  temperature  no  increase  in  section  is 
needed  between  the  true  and  equivalent  crown  points. 

Inasmuch  as  the  equilibrium  polygon  can,  by  a  proper 
selection  of  the  central  portion  of  the  ring,  be  made  to 
follow  the  arch  axis  between  these  two  points,  the  dead 
load  bending  stress  may  be  practically  eliminated.  The 
only  remaining  loading  to  be  taken  care  of  is  the  live 
and  it  can  easily  be  shovra  that  for  highway  loadings 
the  increase  in  live  load  moments  between  the  true 
and  equivalent  crown  points  is  so  small  as  to  be  negligi- 
ble. 

Based  not  only  upon  the  example  given  herewith,  but 
also  upon  the  results  of  a  large  number  of  arch  rings 
analyzed  in  the  offices  of  the  Iowa  State  Highway  Com- 
mission, we  are  warranted  in  the  conclusion  that — 

The  economical  section  for  short  span  highway  arch 
structures  of  which  the  span  under  discussion  is  typical 
is  obtained  when  the  axial  curve  is  so  chosen  that  the 
equilibrium  polygon  for  dead  loading  is  practically  co- 
incident therewith  and  when  the  depth  of  section  between 
the  true  and  equivalent  temperature  crown  point  as  de- 
fined above  is  not  materially  increased. 


iNole:  This  distance,  as  can  easily  be  shown  mathematicaKy,  is 
dependent  upon  the  elastic  properties  of  the  ring,  and  is  measured  by 
the  quantity: 
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AN  ECONOMIC   COMPARISON   OF  REINFORCED 

CONCRETE   AND   MILL   BUILDING 

CONSTRUCTION. 

The  two  tabulations  given  pre.sent  an  economic  study 
made  by  the  engineers  of  the  Universal  Portland  Cement 
Co.  The  tables  are  self-explanatory.  In  preparing  them 
effort  was  made   to   be   conservative   in   all   assumptions 
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ditch  will  be  5  ft.  deep  and  will  be  cut  through  with  a 
small  dipper  dredge,  the  material  being  spoiled.  The  re- 
maining portion  of  the  levee  will  be  formed  by  a  hydraulic 
dredge  with  shutter  pipe,  material  being  sand  from  the 
Mississippi  River.  An  alternative  method  would  be  a 
California  type  clamshell  dredge.  The  yardage  in  the 
muck  ditch  is  179,800,  and  the  filling  consists  of  1,048,000 
cu.  yd.     The  maximum  height  of  this  levee  is   14  ft.,  a 


TABLE    1  —COMPARATIVE   COSTS    OF   REINFORCED    CONCRETE    AND  MILL,  CONSTRUCTED  BUILDINGS. 

(From  standpoint  of  owner.) 

Building  100x175  ft.     7  stories  and  basement.     Total  floor  area,   140,000  sq.  ft. 

^-vRelnforced  concrete  (fireproof)— ^  ,^MiIl  construction  (not  fireproof)— v 

First  cost  of  building $189,000.00     $1.35  a  square  foot  $168,000.00     $1.20  a  square  foot 

First  cost   of  sprinkler   system 14,000.00  14,000.00 

Total    first    investment $203,000.00  $182,000.00 

First   investment   fireproof   more  than  mill  construction,    $21,000. 

Intere.st   on   first   investment 12,150.00     6      percent  $10,920.00       6  per  cent 

Tax    on    first    investment 2,030.00     1      per    cent  1.820.00       1  per  cent 

Depreciation    on    building 945.00     0.5  per    cent  ^'^^S-"?       -  P^""  '^«"' 

Obsolescence    1,890.00     1.0  per    cent  3,360.00       2  per  cent 

Depreciation    on    sprinkler 1,400.00     10    per    cent  1,400.00     10  per  cent 

Repairs  to  building 472.50     'A    percent  l'"^S°-5S       1  per  cent. 

Damage  to  building  bv  vermin None  200.00     Estimate   low 

Auxiliarv  fire  equipment 200.00     Estimated  300.00     Estimated 

Fire  insurance  on   building None   required  235.20     14   ct.    on  $100 

$19,117.50  $23,275.20 
Yearly    expense    fireproof    less    than    non-fireproof,    $4,157.70. 

The  yearly  saving  of  $4,157.70.  capitalized  at  6  per  cent,  represents  $69,295.     Therefore,  actual  cost  of  concrete  building  is  $119,705,  in  com- 
parison with  one  of  mill  construction  costing  $168,000. 

TABLE   11.— COMPARATIVE   COSTS   OF   REINFORCED   CONCRETE    AND  MILJl.  CONSTRUCTED  BUILDINGS. 

(From  standpoint  of  owner  occupying  building.) 

Building   100x175  ft.     7  stories  and  basement.     Total  floor  area,  140,000  sq.  ft. 

.—Reinforced  concrete  (fireproof)-^  ,— Mill  construction  (not  fireproof)— ^ 

First  cost  of  building $189,000.00     $1.35    a   square    foot  $168,600.00     $1.20  a  square  foot 

First  cost  of  sprinkler  system 14,000.00  14.000.00 

$203,000.00  $182,000.00 

Damage  to  contents  by  vermin -50.00  250.00     (Estimated) 

Fire  insurance  on  contents 650.00     26  ct.  on  $100.     (Valua-  750.00     30  ct.  on  $100.    (Valua- 

tion,  $250,000)  tion,  $250,000) 

$        700.00  $     1.000.00 

From  Sheet  1 19.117.50  23.275.20 

$  19.817.50  $  24,275.20 
Yearly    expense  .fireproof   less   than    mill    construction,    $4,157.70. 
Capitalized   .it   6  per  cent,    this  vearlv   saving  represents  $74,295,    «liich  can  be  apiilied  as  a  mortgage  which  can  be  renewed  indefinitely. 
i:  desired,    and    it    generally   is   desirable  to   do   this,   because   most   businesses  pay  better  dividends  than  6  per  cent.     Therefore,  the  actual  cost 
of  concrete  building  is  $114,705  in  comparison  with  one  of  mill  construction  costing  $168,000. 

The  above  figures  do  not  take  into  account  other  important  items    which   increase  the  value  of  a  reinforced  concrete  building  but   which 
cannot  be  given   a  definite  monetary  value.     Among  these  are: 

1.  Maximum   fire  protection. 

2.  Minimum  loss  by  disorganization  of  business  in  case  of   fire. 

3.  Increased  efficiency  of  workers  due  to  sanitation  and  better  light. 

4.  Peace  of  mind  of  owner  and  occupant. 


and  to  base  all  interest  and  depreciation  rates  on  accurate 
records.  In  Table  I  the  computations  are  made  on  the 
assumption  that  the  owner  rents  the  building;  in  Table 
II  on  the  assumption  that  the  owner  occupies  the  build- 
ing for  his  own  business. 


A  $390,000  DRAINAGE  PROJECT. 

An  extensive  drainage  project  has  just  been  brought  to 
the  point  where  bids  will  be  called  for  in  the  immediate 
future.  The  Chief  Engineer  is  the  Edmund  T.  Perkins 
Engineering  Company,  of  Chicago  and  Quincy,  Illinois. 

The  district  is  situated  in  the  eastern  part  of  Iowa,  bor- 
dering on  the  Mississippi  River  and  about  ten  miles  above 
Port  Madison. 

The  C,  B.  &  Q.  R.  R.  from  Burlington  to  Fort  Madison 
runs  around  the  northwestern  part  of  the  district,  at 
which  point  is  the  station  of  Wever. 

The  work  consists  in  building  the  Skunk  River  Levee, 
the  Mississippi  River  Levee  and  Lost  Creek  Levee  and 
Diversion  Channel.  In  addition  are  the  interior  ditches 
for  carrying  the  surface  water  to  the  pumping  station  lo- 
cated in  the  southerly  part  of  the  district. 

The  Skunk  River  Levee  consists  of  a  short  section  of 
roadway  running  east  and  west,  with  about  12,000  cu.  yd. 
of  scraper  work,  the  maximum  height  being  about  7  ft. 
and  decreasing  rapidly  toward  the  west.  The  remaining 
portion  of  this  levee  down  almost  to  the  upper  end  of  Peel 
Slough  has  a  6-ft.  top  and  side  slopes  of  3:1  and  2:1.  This 
portion  of  levee  is  typical  dragline  work  containing  246,- 
300  cu.  yd.  Riprap  and  bank  protection  will  be  required 
for  exposed  portions  of  this  levee. 

The  Mississippi  River  Levee  extends  from  the  upper 
end  of  Peel  Slough  to  the  mouth  of  Green  Bay.     The  muck 


considerable  portion  of  it  being  13  ft.  The  levee  will  be 
protected  by  riprap  at  the  exposed  points,  for  a  total  of 
a  little  more  than  half  its  length. 

The  Lost  Creek  Levee  starts  at  the  mouth  of  Green  Bay 
and  runs  in  a  northerly  direction  to  the  point  where  the 
natural  ground  surface  is  at  elevation  535.  The  yardage 
amounts  to  56,600  cu.  yd.  and  is  typical  dragline  work. 

The  largest  ditch  runs  from  Green  Bay  to  the  pumping 
station  for  a  length  of  5,800  ft.  with  a  30-ft.  bottom.  The 
other  ditches  are  all  10  ft.  wide  on  the  bottom,  with  the 
exception  of  the  upper  end  of  ditch  "C." 

The  bottom  elevations  of  ditch  "B"  vary  from  516  to 
511,  ditch  "C"  from  5221^  to  517;  ditch  "D"  from  518  to 
511;  ditch  "E"  from  519  to  512;  ditch  "F,"  512;  ditch  "G," 
514;  ditch  "K,"  514  to  511.  The  upper  end  of  ditches 
"C,"  "D"  and  "E"  can  be  done  with  a  dragline  if  desired. 

There  are  also  about  five  miles  of  tile  drain. 

There  are  12,000  cu.  yd.  of  scraper  work,  432,600  for 
draglines,  275,750  cu.  yd.  for  small  floating  dipper  dredges 
and  1,048,000  cu.  yd.  of  hydraulic  dredge  or  clamshell 
dredge  filling,  and  67,000  cu.  yd.  in  main  "A"  which  would 
probably  also  be  done  by  the  dipper  dredges,  or  a  total 
of  1,800,000  cu.  yd. 

The  low  tension  transmission  power  line  of  the  Mis- 
sissippi River  Power  Co.  running  to  Burlington,  parallels 
the  track  of  the  C,  B.  &  Q.  R.  R.  The  current  is  3-phase, 
25-cycles,  11,000  volts.  It  is  proposed  to  run  a  permanent 
line  from  Wever  to  the  site  of  the  pumping  station,  at 
which  point  the  contractor  can  connect  up  with  his  tem- 
porary line  for  the  levee  on  the  Mississippi  River.  A 
temporary  line  can  also  be  connected  up  by  the  contrac- 
tor with  the  main  line  at  Wever  for  the  Skunk  River 
Levee.  This  is  an  ideal  piece  of  work  for  electric  ma- 
chines, as  the  rates  for  current  will  be  very  low. 


AND     CONTRACTING 


SIX  JOBS  RECJUIRING  A  TOTAL  OF  9,600,000  CU. 
YD.  OF  EXCAVATION. 

A  great  deal  of  excavation  work  has  been  placed  under 
contract  in  the  last  few  days  or  will  come  up  for  letting 
within  two  or  three  weeks.  In  one  mail  last  week  notices 
were  received  by  Engineering  and  Contracting  of  jobs 
calling  for  nearly  10,000,000  cu.  yd.  of  e.xcavation.  One  of 
them  was  a  contract  for  the  construction  of  three  power 
dams  for  the  Southern  Pacific,  the  work  involving  4,500,- 
000  cu.  yd.  of  excavation  and  500,000  cu.  yd  of  concrete. 
Three  others  were  call  for  bids  notice  for  levee  construc- 
tion on  the  Mississippi  River,  about  2,100,000  cu.  yd.  of 
earthwork  being  involved.  The  two  other  .iobs  were  for 
levee  and  ditch  work  for  drainage  ditches.  One  of  these, 
on  which  bids  are  now  being  asked,  provides  for  about 
1,800,000  cu.  yd.  of  levee  and  ditch  work  for  a  drainage 
district  about  10  miles  above  Fort  Madison,  la.  An  out- 
line of  the  work  is  given  on  the  preceding  page.  The  other 
work  provides  for  the  repair  and  reconstruction  of  about 
23  miles  of  levee  on  the  Mississippi  River  in  the  vicinity 
of  Muscatine.  Bids  on  this  improvement  probably  will  be 
asked  early  in  August. 


NEWS  LETTERS. 

J.  A.  Ware  Const.  Co.,  Houser  Bldg:.,  St.  Louis.  Mo.,  have  some 
nice  team  work  on  the  Wabash  R.  R.  in  Indiana  to  let. 

The  Walsh  Const.  Co..  1312  Citizens  Bids.,  Cleveland,  Ohio,  have 
150,000   yd.    of  good   team   work   at   Akron.    Ohio,    to   sublet. 

W.  S.  Helm.  31.3  Milligan  Bldg..  Decatur.  111.,  have  50,000  vd.  of 
niachme  work  on  County  road,  three  miles  outside  of  Decatur,  ill.,  to 
sublet. 

The  Carter  Const.  Co.,  St.  Louis,  Mo.,  sublet  130.000  vd.  oi  dirt 
work  on  the  Big  Four  R.  R.,  near  Harrisburg,  111.,  to  Hous'er,  Tucker 
&  Headley. 

The  East  Side  Levee  and  Sanitary  District  are  going  to  let  con- 
tract for  appro.ximately  1,600.000  yd.  of  levee  work  on  Monday.  Julv 
24th.  W  ill  announce  the  name  of  the  successful  bidder  in  the  next 
issue. 

The  L.  J.  Smith  Const.  Co..  1116  Commerce  Bldg..  Kansas  Citv. 
Mo.,  were  awarded  the  contract  for  SO  miles  of  bank  and  cut  widen- 
ing on  the  Missouri.  Kansas  &  Texas  Railroad  between  Muskogee  and 
Osage.  Okla.  They  will  sublet  this  in  quantities  to  suit  smaU  team 
?"in^'®-j  ""'^  '**  '''^  S°od  work  and  quantities  will  run  from  1.000  to 
9.000  yd.  approximately.  All  good  material.  There  is  about  1.200  vd 
of  solid  rock  and  6,000  yd.  of  loose  rock  on  the  work,  all  of  which 
1^  'T-  ..^".S",,^'""^-  ^'"^*  transportation  to  and  from  work  on  the 
M.   K.  &  T.  R.   R.  north  of  Texas  tor  men  and  outfits. 

A.  B.  KOBmC. 

PERSONALS. 

ofnJe''to'^t°he"Tlwrr  BmL""*   Engineering  Co.   has  removed   its   Chicago 

»,.  i^  d'^",'"  ^j  '-''^^^V.-  heretofore  principal  assistant  engineer  of  the  Cen- 
tral Kailroad  ot  New  Jersey,  has  been  promoted  to  Chief  Engineer, 
succeeding  the  late  Joseph  O.   Osgood. 

„f  th;  ^F^"^  C^"''".;  H''  '^^  P^^*  ^O  ^■^'^'"^  a  member  of  the  faculty 
H„,i  L  rf ''"''^"/  ',"?J't"t«'  of  Technology,  has  resigned  his  posi- 
tion   as    Professor   of   Railroad    Engineering. 

ir,  ^h^'^  Entwisle  has  been  appointed  mechanical  engineer  and  placed 
in  charge  of  all  construction  work  tor  the  mills  in  the  west  end  of 
the  plant  of  the  Bethlehem  Steel  Co.,  at  Steelton,  Pa 
Louiivni^T^v^^h'  ^.^"^■"al  Contractor,  with  offices  at  141.5  Sixth  St., 
Kentl^nkv'  ^^\  ^^  l-'een  appointed  oil  inspector  of  Jefferson  County. 
Kentucky.     This  is  said  to  be  the  most  lucrative  public  office  in   the 

Pei^'svlv=,ni»''h'-  Engineer  of  Bridges,  State  Highway  Department  of 
Pennsjhania.  has  received  the  honorary  degree  of  Doctor  ot  En- 
fn"m9."^  "■""'  '^^  University  of  Iowa,  from  Ihich  he  was  graduated 

age^  •  t?r^'u,rci?;ir  Js%Z''sut%^tn7  w'^'r^^Biifir-?'  '"w\"; 

S^sin*'e*sTa1if' faTe^   ',%l"nLT.1's"''''  ^<"^'"°"  ^  -^  ma'n\gef  of^tH^ 

Fast'  Wat^e'rw»v^°.";  «''''»'■'''  ^'•'"'1'''°^  ''^  "^«  P"''"'^  terminals  on  the 
Jtast  \\ateina>  at  Seattle.  Wash.,  has  been  appointed  actin"  chief 
engineer  of  the  Port  of  Seattle,  to  succeed  J.  R  West  who  has  rt 
Ch?Jia  '^'^  ^  position  in  the  University  of  Pei  Tang  at  Tientsin, 

fer?I;V°n  Vhr-n '?"''-7''^T?-  ^'-  S-.  Corps  of  Engineers,  has  been  trans- 
ferred   to    the    Detroit    Engineering   District,    relieving    Col     Mason    M 

nee  s  •M'?]nr''R  r*''''*",''""!??''"'^  of  the  Second  Bittalion  of  En^: 
neeis.  M.noi  Burgess  for  the  pa.st  4%  years  has  been  in  charge 
of  the  Nashville  and  Tennessee  Districts.  cnar„e 

,,  -\.'\\'-  -Johnston,  of  Cleveland,  O..  heretofore  general  manager  of 
the  New  York,  Chicago  &  St  Louis  R.  R..  has  be?n  annointtd  assist- 
ant to  the  president.  Mr.  Johnston  was  form^rl  d"vU^^on  eni^neer  of 
the  ea.stern  division  of  the  road.  Later  he  became  division  superin- 
manl"eir  ^^"^"''^  superintendent,  and  in  1906  wis  made  general 

G.  A.  Haegander.  heretofore  Assistant  Bridse  Engineer  of  the 
Chicago.  Biirlinpton  &-  Quincy  R.  R.  lines  east  of  Missouri  River  has 
been  promoted  to  Bridge  Engineer,  succeeding  the  late  CH  Cart- 
ledge.  A.  Engh,  otflce  engineer  of  the  C.  B.  «■  Q  succeeds  Mr 
?ffl?f  e"ng?ne''er.  '  ^"^^^  ^"='"«<"-'  «"a  I'-   H.  Cramer  becomes 

Mayor  Mitchell  of  New  York  City  has  appointed  the  following  as 
members  of  the  Board  of  Standards  and  Appeal,  which  is  to  direct 
and  control  b.Mldmg  inspection  in  that  citv:  R„dolph  P  Miller 
chairman,  president  of  the  National  Kre  Protective  Association 
bnnHi'if  '^  At''''v,"f,'''  '"'"'""?  ''";!,'*.;",''  fo""«'-lv  superintendent  of 
t.Vjlf  f.,'",^.'^''"^'''  •■^"^^""'"^  "^^  Holding,  architect,  former  direc- 
bnn,w'  TTJl'^''',?''r!:"  ,'??'P*<""'  ■\  ^-  A-:  '«'i"iam  Crawford,  prominent 
builder;  Howard  C.  B.nird.  engineer  of  wide  experience-  Alfred  R 
Kirki.s.  secretarv  of  the  New  York  Real  Estate  Assodation!  and 
^nH  Vif,r,?''?"o"^/°'"  '^''  passage  of  the  bill,  creating  this  board: 
and  Alfred  J.   Eoulton,   representing  labor  interests. 


OBITUARY. 

Caesar  Bigler.  Agricultural  En,t;inetr.  and  a  member  of  the  firm  of 
Bigler.  Paul  &  Kuiioiii;,  of  Sacramento,  Cal.,  died  July  11,  in  that 
city,   from  an  attack  of  i)neumonia. 

Arthur  G.  Greaves,  City  Kngineer  of  Sturgeon  Bay,  Wis.,  was 
drowned  last  \veel\.  In  addition  to  being  city  engineer,  he  also  was 
inana!4tr  of  the  Door  County  Fruit  Growers'  Union  and  secretary  of 
Ihe  Door  County  Fair  Association. 

Don  J.  \\hitteni(ire,  for  47  years  chief  engineer  of  the  Chicago, 
Milwaukee  &  St.  Paul  Itailway,  died  July  15,  at  his  home.  222  Biddle 
St.,  MilwauUee,  Wis  Mr.  Whittemore  was  born  in  Milton,  Vt.,  on 
Dec.  (J.  ISM),  and  received  his  elementary  education  at  Bakersfield 
Academy,  \\  hen  17  years  oid  he  took  the  position  of  chainman  with 
the  Vermont  6c  Canada  Railroad;  two  years  later  he  had  charge  of 
the  division;  he  next  liecame  assistant  engineer  on  the  Great  Western 
Railway  of  Canada.  While  holding  this  position  he  went  to  Ohio  to 
examine  some  work  his  father  v.as  doing  in  building  the  Ohio  Central 
Kailroad.  On  this  trip  his  father  was  killed  and  Mr.  Whittemore  was 
himself  badly  injured.  He  completed  the  work  his  father  had  begun, 
and  then  left  to  accept  the  position  of  assistant  chief  engineer  of  the 
Da  Crosse  &  Milwaukee  Railway.  He  remained  in  this  position  until 
1S57,  and  then  became  engineer  of  the  Southern  Minnesota  Railroad. 
During  the  winter  of  1S60  to  61  he  was  chief  assistant  engineer  of  the 
Ferrocarril  del  Oeste  Railway  in  Cuba.  In  the  spring  of  1861  to  1863 
he  was  chief  assistant  and  chief  engineer.  La  Cross  &  Milwaukee 
Railroad.  In  ISb^.  when  this  line  was  merged  with  the  Chicago,  Mil- 
waukee &  St.  Paul  Railway,  he  became  chief  engineer  of  the  latter 
railroad  and  remained  in  this  position  until  Dec.  6,  1910.  He  was 
then  appointed  consulting  engineer  to  the  road.  While  with  the  Mil- 
waukee, Mr.  Whittemore  had  charge  of  the  building  of  many  miles  of 
line  and  supervised  the  construction  of  many  of  the  railroad  bridges 
across  the  Mississippi  and  Missouri  Rivers.  He  also  had  full  charge 
of  the  construction  of  the  Chicago,  Jlilwaukee  &  Puget  Sound  Rail- 
way, the  coast  extension  of  the  Milwaukee.  He  is  survived  by  a  widow 
and  one  daughter. 


24   pp.     Walter  A. 


NEW  CATALOGS. 

Contractor's    Equipment. — Paper:    314    in.   x    SVi 

Zelnicker  Supply  Co.,  St.  Louis,  Mo, 

This  is  the  July  number  of  Zelnicker's  Bulletin.  It  lists  a  large 
amount  of  all  kinds  of  contractor's  equipment  and  supplies  for  sale 
by  the  Zelnicker  Co. 

Roofing  Tiles. — Paper;   6%  in.  x  9^4  in..  38  pp.     Ludowici-Celadon  Co., 

Chicago,  111. 

This  is  a  concise  story  of  the  origin  and  use  of  roofing  tiles.  The 
book  is  excellently  illustrated  by  drawings  and  photographs  of  various 
types  of  buildings,  and  contains  matter  of  much  interest  to  the  archi- 
tect and  builder. 

Ventilators. — Paper:    4   in.   x   8  in..    18   pp.     Kernchen   Co.,   Ventilating 

Engineers,    McCormick   Bldg.,    Chicago,    III. 

A  bulletin  describing  the  Kernchen  Siphonage  Ventilator.  Illus- 
trations are  given  of  several  installations.  Results  of  tests  showing 
the  actual  cubic  feet  of  pulling  power  of  the  different  sizes  of  ven- 
tilators are  included. 

Wire   Rooe. — Paper:   6V>  in.  x  9%  in.:   18  pp.    John  A.  Roebling's  Sons 

Co.,  Trenton.  N.  J. 

This  is  the  third  number  of  "Roebling  Wire  Rope."  the  technical 
wire  rope  bulletin  of  the  John  A.  Roebling's  Sons  Company.  It  con- 
iains  information  on  aerial  wire  rope  conveyors,  the  right  and  -wrong 
way  to  measure  wire  rope,  the  oldest  suspension  bridge  in  America, 
the  Roebling  galvanized  drop-forged  wire  rope  clip,  wire  rope  prac- 
tice, incline  planes,  Roebling  wire  rope  slings  and  ready  reference 
tables. 

Pneumatic    Machinery. — Paper-    6   in.   x   9    In..    124   pp.     Ingersoll-Rand 

Co..  11  Broadway.  New  York  City. 

This  is  a  number  of  "Roebling  Wire  Rope,"  the  technical 
the  products  of  the  above  mentioned  company.  It  covers  completely 
the  company's  line  of  air  and  gas  compressors,  vacuum  pumps,  recip- 
rocating and  centrifugal  water  pumps,  rock  drilling,  metal  and  coal 
mining,  prospecting  and  quarrying  machinery  and  pneumatic  tools  for 
machine  and  boiler  shop  and  foundry  work.  In  short,  this  catalog  is  a 
complete  reference  book,  which  should  be  of  great  service  to  Spanish 
speaking  users  of  pneumatic  machiner>'. 

Cableways. — Paper:   9   in.   x  12  in.:   IS  pp.     Lidgerwood  Manufacturing 

Co.,  96  Liberty  St.,  New  York. 

This  new  bulletin,  made  up  of  loose  leaves,  covers  the  construction 
of  concrete  bridges  ty  cableways.  It  contains  some  very  interesting 
illustrations  and  descriptions  of  notably  large  structures  in  the  erec- 
lion  of  which  the  ca'.'leways  were  used.  Construction  views  are  .shown 
of  the  Tunkhannock  viaduct  ot  the  Delaware,  Lackawanna  &  Western 
R.  R..  the  Monroe  St.  bridge  at  Spokane,  Wash.;  the  Detroit-Superior 
Ave.  high-level  bridge  at  Cleveland,  O.,  and  several  other  bridges. 
The  descriptive  matter  gives  an  excellent  idea  of  how  the  work  was 
handled 


INDUSTRIAL  NOTES. 

V.  A.  Stout.  Balboa  Bldg.,  San  Francisco.  Cal..  has  taken  the 
agency  of  the  Smith  Engineering  Co.,  Milwaukee,  Wis.,  to  sell  the 
Telsmith    Ggratory    Crusher. 

A.  K.  Webster  has  resigned  from  the  drafting  and  designing  de- 
partment of  the  Illinois  Central  R.  R.  to  become  sales  engineer  in 
the   Chicago   oflice   of  the   American   Radiator   Company. 

Reinhard  Heeren.  heretofore  a  civil  engineer  in  the  bridge  and 
construction  department  of  the  Penn  :Mary  Steel  Co.'s  Steelton  plant, 
has  become  associated  with  the  engineering  and  sales  department  of 
the  Bethlehem  Steel  Company. 

The  Sullivan  Machinery  Co..  122  So.  Michigan  Ave.,  Chicago, 
and  Salisr-'urv  House,  London.  England,  has  established  an  agency 
in  Holland  with  Messrs.  Petrie  &  Co.,  Heerengracht,  141-145  Amster- 
dam, as  its  special  representatives.  Messrs.  Petrie  &  Co.  will  sell 
the  Sullivan  air  compressors,  rock  drills,  hammer  drills,  diamond  core 
iirills.  quarrying  and  coal  mining  machinery  in  the  Netherlands.  This 
new  arrangement  replaces  the  Sullivan  Machinery  Company  agency 
previously  at  the  Hague. 

Among  the  contracts  recently  awarded  to  the  Raymond  Concrete 
Pile  Co.,  New  Y'ork  and  Chicago,  are  the  following:  Concrete  piles 
for  the  foundation  of  a  retaining  wall  for  the  Barrett  Mfg.  Co.. 
Cleveland.  O,  J.  F.  Miller,  Engineer  for  the  Barrett  Co.  Concrete 
piling  foundation  in  building  for  American  Hard  Rubber  Co.,  East 
.•\kron.  O.  Walter  Kidde,  Bngr.  Concrete  piles  for  St.  Thomas's 
School,  Brooklyn,  N.  Y..  for  which  Fi-ank  J.  Helmle  is  architect. 
Concrete  piles  in  foundations  for  the  Mohegan  Tube  Co.,  Maspeth, 
L.  I.  J.  L.  Sussman,  Enffr.  Concrete  piles  in  the  foundation  of  a 
fabricating  .shop  for  the  Bethlehem  Steel  Co.,  Sparrows  Point,  Md. 
Concrete  pilin.g  for  stack  foundation  for  the  P.  C.  C.  Sr  St.  L.  Ry., 
Columbus,  Ohio.  Two  thousand  Raymond  piles  for  Open  Hearth 
Furnace  foundations  for  the  Corrigan-McKinney  Co.,  Cleveland,  O. 
H.   T.   Harrison,  Chief  Engineer. 


Engineering  and  Contracting 

Halbert  P.  Gillette,  President  and  Editor 
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THE  875,000,000  FEDERAL-AID  ROAD  BILL  SIGNED 
BY  WILSON. 

After  more  than  a  decade  of  vigorous  effort,  the  federal 
government  has  been  persuaded  to  aid  the  states  in  build- 
ing roads.  President  Wilson  has  signed  a  bill  appropri- 
ating S75.000,000  for  federal-aid  highways.  In  cur  July  5 
issue  we  outlined  the  terms  under  which  each  of  the 
states  is  to  receive  its  share  of  the  appropriati(<n. 

Of  the  48  states,  all  save  Texas,  Indiana,  Georgia  and 
South  Carolina  have  state  highway  departments.  Since 
these  four  states  will  be  entitled  to  $9,816,000  of  the 
$75,000,000,  it  is  likely  that  none  of  them  will  long  delay 
the  centralization   of  their  highway  systems. 

To  receive  its  share  of  the  federal  appropriation,  every 
state  must  appropriate  a  sum  equal  to  that  assigned  to 
it  from  the  federal  purse.  Beyond  question,  then,  the  com- 
bined appropriations  of  the  states  and  the  federal  gov- 
ernment will  be  $150,000,000  for  roads,  in  addition  to  the 
ordinary  expenditures  for  highway  w-ork. 

Huge  as  this  sum  is,  it  has  been  estimated  that  ten 
times  $150,000,000  will  be  expended  for  American  road 
construction  during  the  next  five  years.  We  are  inclined 
to  doubt  whether  as  much  as  $300,000,000  a  year  will  be 
invested  in  roads  before  the  close  of  the  ensuing  five-year 
period,  but  we  believe  that  by  the  end  of  1920  the  country 
will  have  reached  that  rate  of  road  expenditure. 

It  has  been  said  that  Ford  is  planning  to  manufacture 
1,000,000  cars  annually,  which  would  alone  exceed  in 
value  the  highest  estimates  of  annual  investment  in  im- 
proved roads.  The  ratio  of  investment  in  railway  rolling 
stock  to  railway  roadbed,  etc.,  is  about  one  to  five.  While 
it  is  not  probable  that,  for  a  long  time  to  come,  the  in- 
vestment in  motor  cars  and  trucks  will  be  anywhere  near 
as  low  as  one-fifth  the  investment  in  roads,  still  it  is 
certain  that  capital  invested  in  roads  must  eventually 
exceed  many  times  the  capital  invested  in  motor  cars  and 
trucks. 

There  are  about  2,500,000  motor  vehicles  in  America, 
the  investment  in  which  is  approximately  $2,500,000,000. 
In  our  issue  of  Sept.  18,  1912,  we  gave  our  estimate  of 
the  cost  of  reproducing  all  the  roads  of  America,  as  of 
the  year  1909,  and  it  was  $2,700,000,000,  of  which  only 
about  20  per  cent  was  invested  in  "hard  roads."  If  to  the 
investment  in  motor  vehicles  we  add  the  investment  in 
wagons,  horses  and  mules  used  on  roads,  it  is  evident 
that  we  shall  have  a  grand  total  well  in  excels  of  the 
entire  cost  of  reproducing  all  the  country  roads  in  Amer- 
ica. 

We  believe  that  it  will  prove  economic  to  maintain  a 
ratio  of  investment  in  roads  to  investment  in  road  rolling 
stock  that  will  be  fully  three  to  one.  Therefore,  in  spite 
of  the  accelerating  pace  at  which  road  building  is  pro- 
gressing, a  vast  deal  remains  yet  to  be  done  before  road 
building  appropriations  shall  be  ample. 

The  investment  in  American  railways  is  more  than  six 
times  the  investment  in  roads.  In  a  properly  designed 
highway  system  the  investment  in  roads  should  not  be 
less  than  the  investment  in  railways.  To  bring  about  this 
result  America  would  have  to  spend  $1,500,000,000  a 
year  during  the  ne.xt  ten  years,  even  assuming  no  growth 
whatever  in  railway  investment.  Yet  the  late  James  J. 
Hill  said  ten  years  ago  that  to  keep  abreast  of  the  eco- 
nomic demands  more  than  $1,000,000,000  should  be  an- 
nually invested  in  additional  railway  facilities. 

For  everv  mile  of  railway  there  are  ten  miles  of  roads. 


The  investment  in  a  mile  of  railway  averages  about  $60,- 
000.  If  the  investments  in  both  were  equal,  it  would  fol- 
low that  there  would  be  about  $6,000  invested  in  the  av- 
erage mile  of  road.  At  present  this  will  seem  like  an  ex- 
travagantly high  average,  but  in  a  few  years  the  general 
use  of  motor  cars  and  trucks  will  make  it  seem  low  rather 
than  high.  Undoubtedly  the  general  use  of  motor  vehicles 
will  bring  about  a  widening  of  all  main  roadways  and  a 
thickening  of  the  pavements  to  uphold  the  great  wheel 
loads  of  trucks.  Since  a  narrow,  thinly  paved  road  now 
costs  about  $12,000  a  mile,  we  must  look  to  see  invest- 
ments of  fully  $20,000  a  mile  in  the  main  traveled  roads. 
Of  course  the  cost  of  most  of  the  "branch  roads"  will  not 
be  more  than  one-tenth  to  one-quarter  this  sum. 

A  total  of  twenty-odd  billion  dollars  in  roads  is  to  be 
looked  for  before  many  years,  and,  contrary  to  the  opin- 
ions of  those  who  decry  road  bond  issues,  it  will  pay  the 
country  richly  to  make  such  an  investment. 


DURATION  OF  CLOSURE  TO  TRAFFIC  OF  COX- 
CRETE  ROADS. 

Few  demands  on  the  concrete  road  builder  are  more 
urgent  than  the  call  of  traffic  for  a  quick  opening  of  the 
road.  Indelible  evidence  is  furnished  by  too  many  con- 
crete roads  either  that  road  officials  are  over  lenient  to 
the  demands  of  traffic  or  that  their  barriers  have  been 
forced  by  traffic.  One  cannot  travel  far  on  almost  any 
concrete  road  without  seeing  the  marks  of  wheels  in  its 
surface,  or  the  prints  of  horse's  hoofs  or  the  cuts  of  cor- 
rugated wheels  of  tractors.  Each  mark  is  proof  that  the 
road  was  opened  to  traffic  too  soon  after  construction. 
Each  rut  and  depression  is  a  lesion  for  the  attack  of 
traffic.  Wear  begins  at  irregularities.  None  of  these  facts 
are  unfamiliar  to  the  experienced  concrete  road  builder 
and  no  concrete  road  builder  is  so  unfamiliar  with  con- 
crete as  not  to  know  when  it  can  safely  bear  traflic. 
Prints  of  traffic  in  a  concrete  road  surface  indicate  only 
one  thing,  which  is  carelessness.  Either  the  engineer  has 
taken  a  chance  with  his  concrete  or  his  watch  on  the  work 
lias  not  been  close  enbugh  to  prevent  trespass.  The 
.'•pecifications  are  only  rarely  at  fault,  unless  it  be  a  fault 
that  they  stipulate  arbitrary  periods  of  closure  to  traffic 
instead  of  basing  the  time  on  direct  test.  Why  not  adopt 
a  magnified  Vicat  or  Gillmore  needle  test  for  concrete 
roads  to  determine  when  traffic  shall  be  adm.itted  to 
them?  Concrete  roads  become  hard  enough  to  bear  traffic 
in  varying  periods  of  time  depending  upon  a  number  of 
conditions.  Occasionally  seven  days  is  ample  time,  more 
often  two  weeks  are  required  and  in  rare  cases  safety  is 
certain  only  after  three  or  four  weeks.  Why  not  determine 
the  matter  by  test  and  not  leave  it  to  a  numeral  in  the 
specifications?  * 
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"COMPARING     INCOMPARABLES"     IN     RATING 

THE  ANNUAL  COSTS  OF  VARIOUS 

IMPROVEMENTS. 

We  reprint  elsewhere  a  letter  from  Mr.  Philip  P. 
Sharpies,  in  which  he  criticises  a  table  of  annual  unit 
costs  of  various  pavements  published  in  our  last  Road 
and  Street  Monthly  issue,  July  5.  The  author  of  the  table 
is  Mr.  Eugene  W.  Stern,  Chief  Engineer  of  Highways, 
Borough  of  Manhattan,  New  York  City. 

Mr.  Sharpies  speaks  of  the  table  as  one  in  which  the 
attempt  is  made  to  compare  incomparables.  And,  as  the 
bare  table  stands,  it  is  undoubtedly  true  that  it  does  cause 
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a  comparison  of  unit  annual  costs  that  are  strictly  not 
comparable.  It  may  be  replied,  however,  that  the  text 
accompanying  the  table  indicates  that  the  "figures  given 
are  believed  to  be  not  above  the  average"  for  the  "country 
district  immediately  about  New  York  City."  To  which  we 
would  reply  by  asking  two  questions: 

Is  it  logical  to  use  average  figures  where  no  individual 
roadway,  save  by  chance,  corresponds  to  the  average  con- 
ditions? 

What  are  the  actual  data  upon  which  the  lives  and  re- 
pair costs  of  the  various  types  of  pavements  are  based? 

It  needs  no  extended  argument  to  demonstrate  that 
"average  costs"  have  little  value  save  where  applied  to 
"average  conditions."  Nor  does  it  need  proof  to  establish 
the  self-evident  fact  that  every  road  differs  from  every 
other  road  as  to  density  and  character  of  traffic,  to  men- 
tion only  two  of  the  conditions.  The  life  of  a  pavement 
is  determined  by  six  principal  factors:  (1)  Effect  of 
natural  forces,  such  as  chemical  action;  (2)  traffic  char- 
acter; (3)  traffic  density;  (4)  character  and  extent  of 
upkeep;  (5)  improvements  in  the  art;  and  (6)  changes 
in  the  taste  of  those  who  control  public  policy  as  to  high- 
ways. 

Mr.  Stern,  in  common  with  most  highway  engineers, 
assumes  an  "average  life"  of  about  20  years  for  most 
classes  of  paving  surfaces.  But  where  are  the  data  to 
sustain  the  assumption  of  such  an  "average  life"?  And, 
having  produced  the  data  for  the  "average,"  where  are 
the  data  as  to  the  effects  of  the  various  factors  upon  the 
life  of  a  pavement  that  is  not  of  the  "average"?  We 
have  repeatedly  asked  these  questions  in  times  past,  yet 
the  answer  remains  as  ever  the  same:  "I  speak  from  my 
general  experience  when  I  give  my  estimates  of  average 
life  of  pavements." 

As  scientific  men  we  have  a  right  to  cross-examine  any 
engineer  who  gives  only  a  general  answer  of  this  sort. 
"General  experience"  is  too  often  a  cloak  for  individual 
as  well  as  general  ignorance.  Judged  by  the  meagerness 
of  published  data  as  to  actual  lives  of  individual  road 
pavements,  we  are  all,  in  about  the  same  degree,  igno- 
rant of  the  life  of  different  pavements  under  given  con- 
ditions. 

Our  knowledge  of  annual  repair  costs  is  somewhat  more 
satisfactory,  yet  far  from  what  it  should  be.  For  most 
of  the  types  of  pavement  used  in  his  estimates  Mr.  Stern 
assumes  annual  repairs  to  average  2  ct.  per  sq.  yd.  per 
annum.  Thus  he  uses  this  2-ct.  average  for  the  follow- 
ing pavements :  Concrete,  sheet  asphalt,  brick  and  wood 
block.  For  asphalt  block  he  assumes  3  ct.,  for  granite 
block  1  ct.,  for  asphaltic  concrete  2.35  ct.,  for  bituminous 
macadam  12  ct.,  and  for  waterbound  macadam  15  ct.  On 
the  face  of  it,  there  is  no  probability  that  under  the  same 
traffic  conditions  concrete,  sheet  asphalt,  brick  and  wood 
block  would  all  show  the  same  annual  repair  costs.  And 
it  is  even  more  improbable  that  they  would  all  show  prac- 
tically the  same  length  of  life — 20  to  25  years — under  the 
same  conditions.  If  the  conditions  are  not  the  same  for 
all,  then  Mr.  Sharpies  is  entirely  right  in  saying  that 
"nothing  is  gained  by  comparing  incomparables." 

We  trust  that  our  criticism  will  not  be  taken  as  being  at 
all  aimed  at  Mr.  Stern  or  any  other  individual  who  has 
attempted  similar  comparisons  of  ^annual  unit  costs  of 
pavements,  for  the  fact  is  that  adequate  data  are  so  com- 
pletely lacking  that  no  engineer  can  make  more  than  a 
rough  estimate  of  the  unit  annual  costs  of  different  pave- 
ments. The  crying  need  is  for  data  that  are  in  such  form 
as  to  be  comparable. 


2  per  cent  for  50  ft.  each  way,  and  a  roadway  never  less 
than   18  ft.  wide. 

There  are  many  grade  crossings  located  in  deep  cuts 
or  obscured  by  vegetation  that  are  vertiable  death  traps. 
One  of  the  first  steps  in  any  comprehensive  planning 
of  a  state  road  system  should  be  the  elimination  of  all 
such  crossings,  either  by  an  entire  relocation  or  by  re- 
grading  and  clearing. 


LOCATION  AND  DESIGN  OF  ROADS  AT  RAIL- 
WAY CROSSINGS. 

Mr.  H.  E.  Bilger  has  suggested  the  desirability  of  so 
locating  a  road  that  at  railway  crossings  a  clear  view 
of  the  track  may  be  had  for  fully  1,000  ft.  each  way  from 
the  crossing,  and  that  this  view  may  be  had  from  any 
point  on  the  road  within  300  ft.  of  the  crossing.  He  also 
advocates  an  easy  grade  at  the  crossing,  not  more  than 


CONSISTENCY  OF  CONCRETE  FOR  ROAD  CON- 
STRUCTION. 

On  a  succeeding  page  is  given  pictorial  definition  on 
the  authority  of  the  Bureau  of  Standards  of  quaking, 
mushy  and  fluid  concrete  mixtures.  At  the  Second  Na- 
tional Conference  on  Concrete  Road  Building  the  Com- 
mittee on  Proportions  and  Consistency  of  Concrete  stated: 

"The  consistency  of  concrete  for  road  or  street  work 
should  be  such  that  when  deposited  from  a  chute  or 
bucket  it  will  settle  in  a  flat  mass,  but  will  not  flow  on 
the  subgrade."  The  picture  of  the  Bureau  of  Standards 
of  fluid  concrete  meets  very  closely  the  requirements  of 
the  committee's  statement.  Also  the  tests  of  the  Bureau 
show  that  of  the  three  mi.xtures,  quaking,  mushy  and 
fluid,  the  last  almost  invariably  gives  concrete  of  least 
compressive  strength. 

The  question  of  concrete  consistency  is  prominent  at 
the  present  moment  in  concrete  road  construction.  From 
every  direction  comes  evidence  that  engineers  are  ex- 
periencing a  revulsion  against  wet  concrete.  It  is  more 
than  pi'obable,  judging  from  past  experience  with  such 
revolutions  of  feeling,  that  the  swing  will  be  too  far  to- 
ward parsimony  in  the  use  of  water.  The  concrete  road 
builder  should  not  forget  to  guard  against  this  danger. 
There  are  very  good  reasons  why  wet  mixtures  have  be- 
come popular.  A  wet  concrete  is  more  rapidly  mixed, 
it  flows  better  in  distributing  chutes,  it  requires  less 
spreading,  it  is  more  easily  screeded  and  floated  to  sur- 
face. In  a  sentence,  less  labor  is  required  to  produce 
a  finished  slab  of  pavement.  It  also  demands  less 
watchfulness  to  ensure  the  perfect  curing  of  this  slab 
if  a  wet  concrete  is  used.  These  are  important  advan- 
tages not  to  be  lightly  cast  aside  on  the  evidence  of  lab- 
oratory compressive  strength  tests.  No  one  will  depre- 
cate the  importance  of  strength,  and  particularly 
strength  of  resistance  to  abrasion  in  concrete  for  pave- 
ment, but  are  we  certain  of  its  complete  precedence  to 
all  other  properties? 

One  merit  of  concrete  compared  with  other  hard  pav- 
ing materials  is  its  low  cost.  This  low  cost  is  due  in  no 
small  measure  to  the  use  of  wet  mixtures.  Should  we 
risk  this  advantage  to  gain  the  greater  strength  promised 
by  dry  mixtures?  Just  how  important  is  the  element 
compressive  strength  in  concrete  for  pavement? 
Strength  of  pavement  slab  can  be  obtained  by  increas- 
ing the  volume  of  concrete  in  the  slab  as  well  as  by  in- 
creasing the  unit  strength  of  the  concrete.  Which  is 
the  cheaper  method?  An  ai'ticle  in  this  issue  shows  that 
the  wearing  strength  of  a  concrete  pavement  is  depend- 
ent on  many  factors  besides  compressive  strength  of 
concrete.  Would  not  effort  applied  to  some  of  these  other 
factors  profit  us  more  than  to  seek  too  persistently  after 
the  greater  compressive  strength  of  dry  mixtures? 


THE   USE   OF  ROAD  -GRADERS   AND  HARROWS 
FOR  MIXING  THE  INGREDIENTS  OF  A 
GRAVEL  ROAD. 

In  the  best  types  of  gravel  roads  it  is  now  customary 
to  secure  a  proper  relation  between  the  amount  of  peb- 
bles and  the  amount  of  binding  material — loam  or  clay. 
Even  when  natural  bank  gravel  has  just  the  right  per- 
centage of  binder  to  fill  the  voids  in  the  pebbles,  the 
binder  is  seldom  distributed  uniformly.  Moreover,  the 
hauling  and  dumping  tends  to  segregate  the  binder  from 
the  pebbles. 

To  mix  the  ingredients,  whether  from  a  natural  bank 
or   from   an    artificial    combination,    is     very    important. 
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Mixing  is  best  accomplished  by  the  combined  use  of  har- 
rows and  road  graders.  After  dumping  the  gravel  in 
piles,  spread  it  with  the  blade  of  a  road  grader,  harrow 
it  to  break  up  any  "cores"  or  consolidated  spots,  and 
then  give  it  a  thorough  mi.xing  by  casting  it  from  side 
to  side  with  the  blade  of  the  grader.  This  latter  process 
is  one  with  which  relatively  few  road  builders  are  fa- 
miliar, but  it  is  one  that  the  editor  has  used  for  mix- 
ing gravel,  sand-clay  and  petrolithic  (earth  or  gravel 
with  road  oil)  roads.  The  road  machine  is  so  manipulated 
as  to  throw  winrows  of  gravel  from  the  center  to  the 
side  of  the  road,  scraping  off  the  gravel  almost  down  to 
the  suhgrade.  Then  the  winrow  thus  piled  along  the 
sides  is  cast  back  into  the  center.  About  four  trips  of 
the  road  grader  over  each  strip  of  gravel  6  ft.  wide  will 
serve  to  secure  a  thorough  mixture  of  the  ingredients. 
If  the  natural  mi.xture  of  ingredients  is  fairly  good,  a 
harrow  alone  may  suffice  to  perfect  the  mixture.  Mr. 
H.  E.  Bilger  recommends  a  harrow  having  teeth  about 
1  in.  diameter  by  6  in.  long,  with  a  weight  of  8  to  12  lb. 
on  each  tooth.  Upon  the  harrowed  and  level  course  of 
gravel  he  spreads  the  necessary  amount  of  bonding  clay, 
which  is  harrowed  into  the  gravel.  The  editor  goes  one 
step  farther  in  recommending  the  use  of  a  grading  ma- 
chine, as  above  indicated,  for  securing  a  very  thorough 
mixture;  for  the  tendency  of  harrowing  is  to  bring  the 
larger  pebbles  to  the  top,  which  can  be  most  effectively 
overcome  by  turning  over  the  moss  with  the  blade  of 
the  road  grader. 


CONCAVE  PAVEMENT  "CROWNS"  IN  THROUGH 
CUTS  AND  ON  VILLAGE  STREETS. 

The  convex  or  crowned  pavement  is  so  universally  re- 
garded as  preferable  to  a  flat  or  concave  surface  that  it 
requires  some  courage  to  depart  from  the  convex  cross- 
section.  There  are  conditions,  nevertheless,  Vt-here  the 
standard  convex  surface  should  be  departed  from. 

In  "through  cut,"  particularly  on  steep  grades,  a  con- 
cave cross-section  is  usually  to  be  preferred,  provided 
the  maximum  rain  run-off  can  be  carried  in  (he  paved 
part  of  the  road  and  provided  the  surface  of  the  road 
is  such  that  flowing  water  will  not  injure  it.  Paved  side 
ditches  are  thus  eliminated,  and  with  their  elimination 
comes  not  only  a  decreased  first  cost,  but  a  decreased 
maintenance  cost.  Experienced  road  engineers  know  how 
dirticult  it  is  to  maintain  even  a  paved  side  ditch  on  a 
steep  grade.  The  run-off  water  insists  on  cutting  its 
way  alongside  or  beneath  the   ditch  paving. 

In  village  streets  a  concave  pavement  permits  the  elim- 
ination of  curbs  and  the  substitution  of  sodded  shoulders 
on  the  sides  of  the  pavement. 

Water  flowing  in  the  center  of  a  roadway  is,  of  course, 
objectionable  if  the  road  surface  is  of  a  sort  that  is  in- 
jured thereby,  but  few  of  the  modern  types  of  surface 
are  thus  injured. 


A  WORD  OF  COMMENDATION. 

To  the  Editors:  Your  paper  certainly  has  greatly 
improved  in  appearance,  arrangement,  printing  and  illus- 
trations. The  book  notices  are  excellent.  The  "Lighter 
Side"  is  in  better  form  now  and  to  be  read  first,  to  forget 
my  worries  and  smile.  You  have. my  congratulations  on 
producing  a  technical  paper,  a  credit  to  Chicago  and  the 
Great  West. 

Yours  very  truly,  Chas.  H.  Bell. 

Buenos  Aires,  Argentina,  May  9,  1916. 


REVIEW  ARTICLES  APPRECIATED. 

To  the  Editors:  I  have  noticed  of  late  a  tendency  on 
the  part  of  the  editors  of  Engineering  and  Contracting  to 
publish  articles  of  a  general  nature  on  several  of  the 
phases  of  engineering  work.  About  two  weeks  ago  there 
was  an  excellent  article  about  measuring  the  flow  of 
water  and  in  this  last  issue  there  was  an  excellent  article 
on  the  disposal  of  sewage  by  Mr.  H.  P.  Eddy.  I  think  such 
articles  are  of  great  value  as  they  give  the  young  engineer 
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a  chance  to  get  information  on  certain  phases  of  engineer- 
ing work  without  its  being  necessary  for  him  to  wade 
through  a  large  amount  of  data.  Such  articles  treated  in 
a  general  way  give  the  young  engineer  a  basis  to  work  on, 
and  if  he  is  interested  he  can  study  the  details  further. 
I  hope  you  will  find  it  possible  to  publish  many  more 
articles  of  this  nature. 

Yours  very  truly, 

Philip  W.  Taylor, 

Assistant  Engineer  Sewage  Disposal  Commissioners. 

Fitchburg,  Mass.,  June  30,  1916. 


COMPARATIVE  COSTS  OF  PAVEMENTS. 

To  the  Editors:  I  note  article  in  the  July  5  number  on 
"Comparative  Cost  of  Various  Types  of  Pavement,"  taken 
from  a  paper  by  Mr.  Eugene  W.  Stern,  presented  at  the 
Second  National  Conference  on  Concrete  Road  Building. 

This  paper  contains  a  fallacy  which  it  seems  to  me 
should  not  be  left  unnoticed.  In  making  up  the  com- 
parative cost  of  different  pavements,  the  cost  of  the  con- 
crete pavement  is  reduced  by  deducting  the  value  of  the 
concrete  pavement  as  a  foundation.  Arguing  from  the 
same  standpoint,  there  is  absolutely  no  reason  why  in  the 
cost  of  the  other  pavements,  the  value  of  these  pavements 
or  the  value  of  the  foundation  should  not  be  deducted  in 
every  case.  Certainly,  waterbound  macadam  has  been 
very  successfully  used  as  foundations  for  fairly  expensive 
toppings,  as  in  Dartmouth  St.,  Boston;  and  bituminous 
macadam  has  also  been  used  in  the  same  way  as  may  be 
seen  on  Massachusetts  Ave.,  Cambridge,  where  wood- 
block was  laid  over  a  foundation  prepared  for  bituminous 
macadam.  It  'might  even  be  said  in  this  case  that  the 
macadam  was  worth  as  much  as  the  concrete  base,  and 
that  there  was  13  ct.  credit  due  to  the  macadam  in  addi- 
tion to  the  entire  cost  of  the  orignal  macadam,  to  make 
it  compare  with  the  concrete. 

Such  corrections  as  these  would  put  an  entirely  differ- 
ent face  on  the  table  prepared. 

I  also  do  not  think  it  fair  to  say  that  a  concrete  pave- 
ment has  a  useful  life  of  20  years  before  requiring  a 
surfacing  coat.  Certainly,  when  subjected  to  a  traffic 
similar  to  that  taken  by  a  granite  block  or  sheet  asphalt 
pavement,  with  which  it  is  compared,  it  would  not  last 
20  years,  but  probably  nearer  2  years  before  the  retopping 
was  required. 

In  Cambridge,  on  Massachusetts  Ave.,  a  concrete  pave- 
ment subjected  to  very  heavy  traffic  was  so  far  gone  in  5 
years,  that  it  was  impossible  to  repair  it,  and  it  was  used, 
after  extensive  repair  as  a  foundation  for  a  bituminous 
top.  To  have  kept  the  street  in  satisfactory  condition,  this 
fate  should  have  come  to  the  concrete  pavement  at  the 
end  of  two  years. 

Such  tables  as  Mr.  Stern  has  prepared  are  extremely 
useful,  but  I  believe  nothing  is  gained  by  comparing 
incomparables.  < 

Yours   very  truly, 

Philip  P.  Sharpies. 

New  York,  N.  Y.,  July  13,  1916. 

[Mr.  Stern  would  undoubtedly  reply  to  the  criticism 
of  Mr.  Sharpies  by  pointing  out  that  in  his  estimates 
he  assumed  that  a  6-in.  concrete  base  costs  only  80  ct. 
per  sq.  yd.,  whereas  a  6-in.  concrete  pavement  costs  $1.12 
per  sq.  yd.,  the  difference  in  cost,  32  ct.,  being  due  to 
the  larger  percentage  of  cement  required  to  make  a  con- 
crete surface  stand  up  under  the  direct  impact  cf  wheels 
and  hoofs.  Hence  to  amortize  this  32  ct.  over  tha  assumed 
20-year  life  of  the  surface  is  a  proper  charge.  In  this 
conclusion  we  agree,  if  we  grant  the  assumed  life  and 
assumed  unit  costs. 

Mr.  Sharpies  states  that  waterbound  macadam  can  also 
be  used  as  a  foundation  for  block  and  sheet  asphalt.  This 
is  true,  but  Mr.  Sterns  has  virtually  assumed  a  perpetual 
life  for  the  macadam,  and  he  indicates  that  this  can  be 
secured  by  the  expenditure  of  15  ct.  per  sq.  yd.  on  annual 
repairs.  We  believe  that  long  before  any  such  high 
average  cost  of  maintenance  is  reached  it  is  eccnomic  to 
surface  the  macadam  with  some   more   durable  wearing 
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coat,   and  that,  therefore,  Mr.  Sharpies   is  sound   in  his 
criticism. 

That  Mr.  Stern  has  virtually  "compared  incomparables" 
is  also  a  valid  objection  upon  which  we  have  editorially 
commented  elsewhere  in  this  issue. — Editors.] 


APPEARANCE      OF      QUAKING,      MUSHY      AND 
FLUID  CONCRETE. 

In  tests  of  concrete  by  the  Bureau  of  Standards  six 
consistencies  of  concrete  were  employed.  They  were  de- 
fined as  follows : 

Dry. — Containing  just  sufficient  water  to  cause  the  ce- 
ment and  sand  to  adhere  after  tamping  and  removal  of 
the  molds. 

Moist. — A  mean  between  the  "dry"  and  "plastic"  con- 
sistencies. 

Plastic. — Containing  the  maximum  quantity  of  water 
which  allows  the  removal  of  the  forms  immediately  after 
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Views  of  Quaking,  Mushy  and  Fluid  Concrete. 

molding.  The  surface  of  the  mass  shows  weblike  marks 
of  neat  cement  and  water. 

Quaking. — A  stiff  mixture  upon  which  water  can  be 
brought  to  the  surface  by  slight  tamping.  The  mass 
should  not  flow  readily. 

Mushy. — A  soft  mushy  mixture  which  is  not  watery, 
but  c%n  be  spaded  and  readily  worked  into  place  in  the 
form. 

Fluid. — A  watery  mixture  which  flows  readily  into  place 
in  the  form  with  little  or  no  working. 

A  photograph  of  three  batches  of  concrete  to  illustrate 
the  three  consistencies,  "quaking,"  "mushy,"  and  "fluid,"  is 
shown  in  Fig.  1.  In  forming  each  of  the  piles  the  con- 
crete was  allowed  to  slide  from  the  shovel  and  drop  only 
a  few  inches  onto  the  pile,  the  weight  causing  the  ma- 
terial to  spread  out  and  take  the  shapes  shown.  Dumping 
from  a  barrow  or  allowing  the  mixtures  to  flow  from  a 
chute  would  have  caused  the  materials  to  spread  further 
and  form  flatter  cones,  which  would  give  the  appearance 
of  wetter  consistencies  than  the  method  which  was  used. 

The  difference  in  appearance  of  the  dry,  moist,  and 
plastic   mortars   is   not   sufficient  to  be     illustrated     by 
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photograph,   and  can   best  be   determined   and   measured 
by  squeezing  a  mass  in  the  hand. 


SCARCITY  OF  LABOR  AFFECTS  HIGHWAY  BID- 
DING. 

Scarcity  of  labor  is  having  a  marked  effect  in  reducing 
the  bidding  competition  on  state  highway  work  in  New 
York.  In  other  states,  also,  there  has  been  a  noticeable 
reduction  in  the  number  of  bidders  at  recent  road  let- 
tings.  The  State  Highway  Commission  of  Ohio  opened 
bids  July  20  on  22  contracts.  On  four  of  these  no  bids 
were  received,  while  on  the  others  the  number  of  bid- 
ders was  far  less  than  at  previous  lettings.  In  Penn- 
sylvania, also,  there  has  been  no  especial  brick  competi- 
tion for  state  road  jobs.  On  July  19  the  State  Highway 
Department  opened  proposals  for  si.x  contracts.  On  one 
of  these,  covering  about  5  miles  of  highway,  9  bids  were 
received.  On  two  contracts  there  were  five  bidders  on 
each;  on  two  other  contracts  there  were  three  bidders, 
and  one  contract,  a  $150,000  job,  there  were  only  two 
bidders. 

In  New  York  state,  however,  the  lack  of  competition 
has  been  especially  marked.  At  the  lettings  of  July  10 
and  July  14,  on  several  contracts  no  bids  were  received, 
while  on  others  only  one  contractor  submitted  proposals. 
The  greatest  number  of  bidders  on  any  one  job  was  five. 
The  following  tabulation  gives  some  details  of  the  let- 
tings: 

LETTING  JULY  10. 


Xo. 
94SA 

County. 
Albany     

Miles. 
17 

No. 
bid- 
ders. 

2 

4 

2 
3 
4 
3 
1 

1 
2 
3 

4 
1 
3 
5 
1 
4 
3 
5 

4 
3 
4 
1 
1 
5 
2 
3 
1 
2 
4 
4 
3 
4 
1 
3 
2 
6 

Low  bid. 

5     2,212 
26,562 
66,365 
61,473 
99,195 
90,429 
111.8SS 
8,071 
24,163 
49,044 
26,620 
66,449 
64.673 
36.955 
84.480 
76,252 
88,569 
79.254 
35,000 

$  35,875 
123,126 
15,414 
45,834 
40,609 
90,091 
56,909 
11.651 
38.844 
62.500 
65.602 
23.165 
124.673 
99.239 
144.784 
39.651 
15.128 
56.987 

High  bid. 

S     2,332 

*'7  5i5 

1371 

.jVlbanv     

88 

5610 

Cattaraugus    . . 

4  39 

74,630 

70,583 

102,239 

92,219 

1027 

4  33 

1378 
1394 

Chemungr    

4.14 

7  09 

1398 

10.46 

1412 

Dutchess    

56 

5.116 

1410 

K.ssex     

1  76 

620 
1365 

Fulton   

Greene    

5.13 

2  39 

65,987 
30,520 
93,449 

4l',766 
96,556 

lbl',372 
88,900 

1346 

5.10 

1360 
1390 
1342 

Madison    

Monroe    

Nassau    

6.54 

2.92 

5  24 

1355 
140S 

Oneida     

Otsegro     

5.24 

8  13 

1117 
1406 

Saratoga     

Wayne     

6.10 

3  67 

1405 
1380 

Albany     

Chautauqua    . . 
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2.93 

5  65 

$  40,222 

134,096 

IS  536 

1156 

Chenango     .... 

82 

1376 
1377 

Fulton    

Fulton     

2.8 

-3.74 

1403 

Genesee     

7.94 

1363 

Herkimer    

5  67 

68,363 
12,358 

1374 

Madison    

91 

1392 

3.69 

1393 

5  27 

63,984 

68.745 

28.277 

132,445 

109,197 

1354 

Oswego    

1413 

Onondaga  

2  04 

1409 
1388 
5612 

Otsego     

St.  Ijawrence   . 
St.   Lawrence   . 
Ulster    

7.87 

11.16 

9.12 

1373 
1059 

2.73 

1  88 

51.416 
15.707 
G9.230 

1060 

Wayne     

6.41 

In  New  York  state  this  condition  is  somewhat  unusual. 
Regarding  this  Mr.  H.  S.  Breed,  First  Deputy  Highway 
Commissioner,  advises  as  follows: 

"The  main  reason  for  the  contractors  not  bidding 
seems  to  be  because  of  the  scarcity  of  labor.  Many  of 
them  have  signified  a  willingness  to  take  contract  work 
but  for  that  particular  phase  of  the  situation.  Most  of 
our  contractors  have  about  enough  work  now  to  keep  their 
permanent  organization  busy,  and  until  conditions  be- 
come more  stable  will  not  branch  out  and  take  extra  work 
as  they  would  do  in  normal  times.  On  much  of  our  work 
the  prevailing  rate  for  labor  is  higher  than  it  has  been 
at  any  time  within  my  recollection,  and  even  at  the  high 
rate  being  paid  now,  it  is  impossible  for  contractors  to 
get  men." 


ANCHORING  CURB  TO  ROAD  PAVEMENT. 

In  the  construction  of  3^2  miles  of  concrete  road  in 
the  village  of  Ojibway,  Ont.,  the  following  method  was 
used  for  anchoring  the  curb  to  the  pavement:  The  road 
was  poured  first  and  lengths  of  =,«-in.  Kahn  rib  bars  set 
upright  along  the  curb  line.  The  curb  was  then  poured 
on  top  of  the  road,  the  rib  bars  at  intervals  extending 
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up   into   the    curb    and    thoroughly   anchoring    it    to   the 
road. 


COLOR  SCHEME   FOR  DESIGNATING  HIGHWAY 
ROUTES. 

The  county  officials  of  Crook  County,  Oregon,  have 
adopted  the  following  scheme  for  the  designation  of  high- 
way routes  through  the  county:  The  telegraph  poles, 
fences,  bridges,  etc.,  are  marked  with  different  colors  on 
a  white  background,  each  color  denoting  a  particular 
route.  Seven  routes  have  been  selected  for  the  initiation 
of  the  system.  The  color  to  correspond  with  *^hese  are 
light  blue,  dark  blue,  red,  yellow,  orange,  green  and  ma- 
roon. Where  two  routes  cross  or  run  along  the  same 
road,  the  colors  of  both  routes  are  painted  on  the  same 
pole,  one  above  the  other.  The  turns  to  the  left  and  to 
the  right  are  denoted  by  the  painting  of  a  large  "L"  or 
"R"  in  a  large  square  in  the  same  color  as  that  used 
for  the  route. 


profits  nor  overhead  expense.     The  road  was  located  in 
Blairsville  Township,   Williamson   County. 

GE.NEHAly   Cc.l.NLilTIl  iNS. 

Total  length  of  road  treated,  12,022  ft.;  total  square 
yards  of  road  treated,  16,029  sq.  yds.;  condition  of  old 
macadam  road,  fair,  generally,  one  place  poor;  kind  of 
bituminous  material  used  "Tarvia  B";  amount  of  bitu- 
minous material  used  '2  gal.  per  square  yard;  amount 
of  sand  1  cu.  yd.  per  200  sq.  yd.  of  surface;  average 
length  of  haul  on  materials,  1  mile;  general  condition  of 
weather,  good;  rate  of  pay  for  labor,  22' 2  ct.  per  hour; 
teams,  40  ct.  per  hour. 


MOTOR     TRUCK     FOR     HAULING     INDUSTRIAL 
RAILWAY   CARS   IN   ROAD   CONSTRUCTION. 

(Contributed.) 

A  very  interesting  and  unusual  use  of  the  motor  truck 
is  illustrated  by  the  accompanying  illustration.  This 
Four  Wheel  Drive  truck,  in  the  service  of  the  Hanlon  & 
Oakes  Co.,  contractors,  of  Sioux  City,  la.,  is  used  in  place 
of  a  locomtive  to  draw  a  train  of  heavily  loaded  trailers  on 
a  narrow  gage  track.  The  truck  itself  straddles  the  rails, 
and  it  is  interesting  to  note  that  enough  traction  is 
secured  to  pull  the  train  easily  up  a  5  per  cent  grade, 


ITEMIZED  COST   OF   WORK. 

Total 
cost. 

Engineering  and  Inspection  • 

.Superlntcnaence,  salary  and  expenses $104.22 

Bituminous  material.  S.OOO  sal.  U  $0.05  t.  o.  b.  siding.   400.00 
TorDerio  gravel  and  sand,   SO  cu.   yd.   @   $1.23   f.  o.   b. 

silling    98.59 

HauIluK   liltuminous   material 

Hauliim  torpedo  gravel  and  sand 56.83 

Heating    and    applying    bituminous    material,    demur- 

ra.^^e.  etc.    ...    93.35 

Spreading  gravel  and   sand 23.85 

Sweeping  and  cleaning  old  ro.'id 8.40 

I  lepreciation   on   equipment • 

Kreiuht  on  equipment 3fi.6S 

Incidental  expense   7.95 


Cost  per 
sq.  yd. 


$0.0065 
.0250 

.0061 


.0035 

.0058 
.0014 
.0005 

!6623 

.0005 


Tolal  cost  $829.87         $0.0516 

'Indicates  paid  or  furnished  by  the  .State  Highway  Department. 


A  34-YEAR-OLD  BELGIAN  BLOCK  PAVEMENT. 

The  first  Belgian  block  pavement  in  the  city  of  Atlanta, 
Ga.,  was  laid  on  Alabama  Ave.,  between  Central  Ave.  and 
Madison  Ave.,  in  1882.  The  blocks  were  split  only,  not 
reeled  nor  trimmed.  They  were  approximately  6  in.  to  12 
in.  in  length,  4  in.  to  6  in.  in  width  and  5  in.  to  8  in.  in 


Three-Ton    Four-Wheei    Drive   Truck   Hauling    Industrial    Railway   Cors   for   Road   Work   in    Iowa. 


although  no  load  whatever  is  carried  on  the  body  of  the 
truck. 

The  crushed  rock,  gravel  and  cement  hauled  by  thin 
outfit  are  being  used  in  the  construction  of  a  16-ft.  con- 
crete highway  going  north  from  Sioux  City  on  what  is 
known  as  the  Perry  Creek  road.  The  large  amount  of 
material  hauled  is  indicated  by  the  fact  that  from  500 
to  600  lin.  ft.  of  pavement  are  being  laid  daily.  The 
track  is  four  miles  in  length  and  ten  round  trips  are 
made  each  day.  Each  trailer  carries  1' 2  cu.  yd.  of  gravel 
or  crushed  rock,  making  a  total  pay-load  of  24  to  26  tons. 
The  truck  pulls  this  load  while  running  in  high  gear,  and 
travels  at  12  to  15  miles  per  hour. 

Fifty  teams  and  wagons  were  unable  to  do  the  work 
which  is  now  being  done  by  this  truck  and  .string  of 
trailers,  according  to  the  contractors,  and  an  enormous 
saving  in  cost  is  effected.  The  average  daily  cost  of 
operating  the  truck  and  trailers  in  this  service  is  S17. 


depth.  They  were  laid  on  sand  and  sand  cushions  with- 
out particular  care  being  taken  as  to  the  selection  of 
uniform  width  blocks  for  individual  courses.  Most  of 
the  orginal  granite  block  pavements  were  from  weathered 
and  partially  disintegrated  surface  stones.  The  aver- 
age cost  to  the  city  of  the  Alabama  St.  pavement  was 
$2.25  per  square  yard.  In  a  paper  in  the  June  proceed- 
ings of  the  Engineering  Association  of  the  South  A.  P. 
McCIellan  states  that  the  original  pavement  has  been  in 
service  for  34  years  at  a  cost  of  6.6  cts.  per  yard  year. 
Repairs  chargeable  directly  to  the  wearing  of  the  pave- 
ment during  this  entire  time  have  been  partially  negli- 
gible. 


COST    OF 


APPLYING    BITUMINOUS    SURFACE 
TO  MACADAM  ROAD. 


The  following  data  on  the  cost  of  applying  a  bituminous 
surface  on  a  macadam  road  are  taken  from  the  May  Illi- 
nois Highways,  the  official  publication  of  the  State  High- 
way Department.    The  figures  do  not  include  contractor's 


PREVENTING  BURROWING  OF  MUSKRATS  IN 
ROAD  GRADES. 

Much  damage  has  been  caused  to  road  grades  in  West- 
ern Minnesota  by  muskrats  burrowing  into  the  earth  for 
the  purpose  of  establishing  homes  and  rearing  their 
young.  The  June  Minnesota  Highway  Journal  states 
that  in  Hennepin  County  it  was  found  that  the  damage 
caused  by  muskrats  could  be  minimized  by  placing  three 
or  four  lengths  of  6-in.  tile  at  the  location  where  rats 
burrowed  into  the  ground  and  allowing  them  to  use  the 
tile  for  a  nesting  place. 
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WEAR  TESTS  OF  CONCRETE   FOR  ROAD  CON- 
STRUCTION,* 

Tests  of  the  wearing  resistance  of  concrete  are  being 
made,  using  a  Talbott-Jones  rattler.  Tlie  maciiine  is 
shown  in  Fig.  1.  The  test  pieces  consist  of  blocks  8  in. 
square  and  5  in.  in  thickness.  The  blocks  are  arranged 
around  the  perimeter  of  the  drum  of  the  rattler  as  shown 
in  the  accompanying  illustrations.  Ten  blocks  constitute 
a  test  set.  The  concrete  test  pieces  are  separated  by 
wedge-shaped  wood  blocks.  The  ten-side  polygon  formed 
by  the  test  blocks  presents  a  nearly  continuous  inner  sur- 
face, as  shown  in  Fig.  2.  The  outside  diameter  of  the 
polygon  thus  formed  is  36  in.,  and  the  inside  diameter 
26  in.  During  the  test  the  front  of  the  chamber  is  closed 
by  means  of  a  heavy  wire  screen. 

The  abrasive  charge  consists  of  200   lb.   of  cast  iron 


ENGINEERING 
AND      CONTRACTING 

cretes  of  widely  different  characteristics,  or  in  comparing 
concrete  with  other  materials,  the  latter  method  is  pref- 
erable. 

Results  of  Tests. — About  200  concrete  blocks  have  been 
tested  in  this  way.  The  tests  thus  far  made  have  been 
carried  out  primarily  for  the  purpose  of  studying  the 
action  of  the  machine.  The  weight  of  shot  to  be  used, 
the  proportion  of  small  and  large  spheres,  the  rate  and 
number  of  revolutions,  the  effect  of  the  position  of  the 
block  in  the  ring  with  reference  to  other  blocks  of  the 
same  or  widely  different  properties,  have  been  studied. 
A  few  variations  in  the  mix,  aggregates,  condition  of 
storage  of  the  concrete,  etc.,  have  been  made,  but  the  tests 
are  not  considered  to  be  of  sufficient  scope  to  justify  pre- 
senting the  results  at  this  time.  The  loss  in  weight  due 
to  the  test  has  varied  from  8  to  25  per  cent.  Figures  3 
and  4  show  the  appearance  of  representative  blocks  after 


T'S.LBATT-JONES   IIATTLER.     VIEW   OF    BLOCKS   BEFORE   TEST.     VIEW  OF   BLOCKS  AFTER  TEST.     VIEW  OF  TESTED   BLOCKS. 
Clocks  6,  7  and  8  Are  1i  j^S/,  Gravel;  12,  13  and  14  Are  1:2:3  Gravel;  15,  1  6  and   17  Are   1:2:3   Limestone. 


spheres — about  133  spheres  1%  in.  and  10  spheres  3^4  in. 
in  diameter.  These  spheres  conform  to  the  specifications 
for  spheres  for  use  in  the  standard  rattler  test  of  paving 
brick.  The  test  consists  of  e.xposing  the  inner  faces  of 
the  concrete  blocks  to  the  wearing  action  of  the  charge 
of  cast  iron  spheres  for  3,600  revolutions  at  the  rate  of 
about  30  r.  p.  m.  Best  results  have  been  obtained  by 
reversing  the  direction  of  the  machine  two  or  three  times 
during  the  test.  Each  block  is  weighed  immediately  be- 
fore and  immediately  after  the  test.  The  loss  in  weight 
is  considered  to  be  the  wear.  This  loss  may  be  i-educed 
to  a  percentage  of  the  original  weight,  or  it  may  be  ex- 
pressed as  depth  of  wear  in  inches.     In  comparing  con- 

•Extract  from  a  paper  by  Prof.  D.  A.  Abrams.  Lewis  Institute,  Clii- 
i-:igto,  before  tlie  American  Society  for  Testing  Materials. 


the  test.  A  few  paving  brick  have  been  tested  in  the 
same  ring  as  the  concrete  blocks,  with  satisfactory  results. 

In  making  the  concrete  test  blocks  it  is  custom  to  pro- 
portion and  mix  each  block  separately.  Only  in  this  way 
can  consistent  results  be  secured.  Metal  forms  made 
from  5-in.  steel  channels  are  used.  These  forms  make  it 
possible  to  mold  the  blocks  of  uniform  size  and  true  to 
shape.  Blocks  which  have  been  stored  in  water  or  in 
damp  sand  are  allowed  to  dry  out  a  few  hours  prior  to 
test,  in  order  that  the  weights  may  not  be  appreciably 
affected  by  evaporation  during  the  test. 

Advantages  of  Rattler  Test. — This  method  of  making 
wear  tests  of  concrete  is  believed  to  have  the  following 
advantages : 
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1.  The  concrete  is  subjected  to  a  treatment  which  ap- 
proximates that  of  service. 

2.  The  test  piece  is  of  usual  form  and  of  sufficient  size 
that  representative  concrete  can  be  obtained. 

3.  The  test  pieces  are  convenient  to  make,  store  and 
handle,  and  require  a  relatively  small  amount  of  concrete. 

4.  The  cost  of  the  tests  is  not  excessive. 

5.  The  machine  used  was  found  in  numerous  testing 
laboratories. 

6.  The  wearing  action  takes  place  on  the  top  or  finished 
surface  of  the  concrete.  This  makes  it  possible  to  study 
the  effect  of  various  surface  treatments  or  finishes. 

7.  Several  tests  may  be  made  at  the  same  time,  thus 
enabling  more  representative  results  to  be  obtained. 

8.  Tests  may  be  made  on  sections  of  concrete  cut  from 
roads  which  have  been  in  service. 

9.  Other  paving  materials,  such  as  brick,  granite 
blocks,  etc.,  may  be  tested  in  the  same  way  as  concrete. 

The  tests  indicate  that  this  method  may  prove  of  con- 
siderable value  in  studying  the  relative  merits  of  differ- 
ent aggregates,  mixes,  consistencies,  time  of  mixing,  sur- 
face treatment,  etc.,  on  the  wearing  resistance  of  con- 
crete. It  can  readily  be  used  as  a  control  test  on  blocks 
made  at  frequent  intervals  as  the  work  progresses. 


IMPROVED  ]\IOTOR  TRUCK  ENGINE  MOUNTING. 

The  illustration  shows  a  uniquely  mounted  motor  truck 
engine.  An  independent  engine  frame  carries  at  its  two 
forward  corners  coiled  springs  which  rest  on  brackets 
on  the  truck  frame  and  at  its  rear  end  a  ball  which  rests 
in  a  socket  on  the  cross  member  of  the  truck  frame.  This 
mounting  permits  the  main  frame  of  the  truck  to  cant  or 


Special    Mounting    for    IVIotor    Trucl<    Engines. 

twist  without  binding  or  straining  the  crank  shaft  or 
bearings.  The  coiled  springs  are  of  vanadium  steel  and 
the  ball  has  a  diameter  of  5  in.  This  construction  reduces 
wear  and  friction  and  minimizes  shocks  to  the  engine  on 
rough  roads.  As  stated  by  the  makers,  crank  case  arms 
cannot  be  broken,  crank  shaft  cannot  bind,  shaft  bearings 
cannot  become  egg-shaped,  crank  case  cannot  twist  or 
crack,  power  is  not  wasted  by  excessive  friction.  These 
engine  mountings  are  used  on  trucks  made  by  the  United 
States  Motor  Truck  Co.,  Cincinnati,  0. 


ROAD    BUILDING    OPPORTUNITIES    IN    ARKAN- 
SAS. 

Highway  construction  to  cost  nearly  $4,500,000  is  a 
possibility  of  the  near  future  in  the  state  of  Arkansas. 
This  work  will  be  carried  out  under  the  provisions  of  the 
Alexander  Road  Law,  which  provides  for  the  formation 
of  road  improvement  districts  and  the  issuance  of  bonds. 
The  direction  of  the  road  construction  is  under  the  super- 
vision of  the  State  Highway  Department,  of  which  Hugh 
R.  Carter,  Little  Rock,  Ark.,  is  State  Highway  Engineer. 
The  following  is  a  list  of  the  counties  in  which  surveys 
already  have  been  made : 

Count  V.                                                                                  Mileage.  Est.  cost. 

Pui.qsi.i      ..    .. 60  $     eo.noo 

Sebastian 18  lOO.ftOO 

Ouachita    ;   .    ....■ ISO  200.000 
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Carroll    10  50,000 

nentim    15  71,000 

Culiinil)la     ■ 40  205,000 

liidfpcndeiice    18  95,000 

Miller    60  400,000 

L-afayette    60  125,000 

Fope     40  180,000 

Newton    ' 25  150.000 

Boone    20  110,000 

Washington    ' 32  156.000 

Arkansas     36  135.000 

WoodrufC     40  210,000 

Perrv     20  100,000 

Uandolph   8  21,000 

IJttlf  r.lv.?r   30  150.000 

Grant    27  nri.ono 

I'ralrle    12  f.n.riOO 

Phillips     5  6II.IIIJ0 

Lnlon    30  160,000 

-Vrkansas     25  150,000 

White    21  100,000 

Dalla.s     „ 30  150,000 

Lonoke     15  60,000 

Stone-Izard    ' 8  60,000 

Oawford    25  100,000 

Poinsett     20  200,000 

Crai>,'hcad     10  50.000 

AllssissJiipl 100  900,000 

920  $4,523,000 

It  is  expected  that  during  the  next  two  years  there  will 
be  an  even  greater  activity  in  road  and  bridge  construc- 
tion in  Arkansas. 


A  ROTARY  ROAD  GRADER. 

A  grading  machine  which  differs  essentially  from  oth- 
ers in  common  use  for  road  construction  is  illustrated 
here.  A  steel  frame  on  four  wheels  carries  a  plow,  a 
rotary  conveyor  and  the  operating  levers.  All  parts  ex- 
cept the  rotary  conveyor  are  familiar.  The  conveyor  is 
essentially  a  wheel  rotating  at  a  small   angle  with  the 


Rotary  Grading   Machine  for  Road  Work. 

horizontal,  and  propelled,  when  the  grader  is  moving,  by 
friction  on  the  ground  and  by  one  truck  wheel  over  which 
it  rides.  The  top  of  the  wheel  consists  of  a  ring  of  steel 
plate  "cups"  hinged  to  the  rim.  In  operation  the  plow 
throws  a  stream  of  dirt  onto  the  hinged  plates.  As  the 
load  comes  to  the  opposite  of  the  wheel  the  plates  are 
tilted  by  a  dump  wheel  and  the  load  is  discharged.  The 
operation  is  simple.  The  capacity  of  this  grader  is  stated 
to  be  200  to  300  cu.  yd.  per  hour.  It  weighs  3,400  lb.  and 
costs  $400  f.  0.  b.  factory.  The  manufacturers  are  Mayer 
Brothers  Co.,  Mankato,  Minn. 


BU.^IPS  AT  RAILWAY  CROSSINGS. 

The  general  claim  agent  of  the  Pacific  Electric  Ry. 
Co.  of  Los  Angeles,  Cal.,  has  petitioned  the  State  Rail- 
road Commission  for  permission  to  put  a  "thank-you- 
marm"  50  ft.  on  each  side  of  grade  crossings  as  a  pro- 
tection against  speeding  over  railroad  tracks.  It  is  stated 
that  the  experiment  of  intentionally  placing  bumps  50 
ft.  on  each  side  of  railway  crossings  has  been  thoroughly 
worked  out  throughout  the  good  roads  systems  of  Ten- 
nessee and  in  the  city  of  Memphis.  It  also  is  stated 
that  additional  experiments  have  been  carried  on  in 
Milwaukee  and  in  a  number  of  states  with  uniformly 
beneficial  results. 
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REDUCING     HAULING     COSTS     IN     PAVEMENT 
CONSTRUCTION  AT  PITTSBURG,  KAN. 

A  marked  saving  in  haulage  costs  was  effected  on  street 
paving  work  at  Pittsburg,  Kan.,  by  the  use  of  motor 
trucks.  The  Williams  Conustruction  Co.  of  Pittsburg, 
had  the  contract  for  laying  a  considerable  mileage  of 
National  pavement.  On  one  street  the  work  called  for 
the  construction  of  one  mile  of  this  type  of  surfacing. 
The  National  plant  was  located  about  2  miles  from  the 
commencement  of  this  particular  job,  the  average  haul 
being  about  2' 2  miles. 

For  hauling  the  paving  material  to  the  street  the  con- 
tractor used  two  model  R  3' 2-ton  trucks  made  by  the  In- 
dian Truck  Co.  of  Marion,  Ind.    These  trucks  were  Shel- 


E  N  G  I  X  E  E  R  I  X  G 
.^XD      COXTRACTING 

QUANTITY     AND     COMPOSITION     OF     STREET 
DUST. 

Attempts  have  been  made  by  Mr.  Richard  T.  Fox  of  the 
Citizens'  Street  Cleaning  Bureau,  Inc.,  of  Chicago,  to 
separate  the  sources  of  dust  found  in  the  street  and  to 
determine  the  quantity  and  composition  of  the  dust  from 
each  source.  In  a  paper  presented  before  the  Western 
Society  of  Engineers  Mr.  Fox  gives  the  following  results: 

The  accompanying  table  shows  the  quantity  of  dust  per 
1,000  sq.  yd.  of  surface  and  its  composition  and  its  dis- 
tribution over  the  street.  The  street  on  which  this  par- 
ticular test  was  made  is  paved  with  creosoted  wooden 
block  and  carries  a  double  car  track,  which  is  paved  with 
the  same  material  except  for  two  rows  of  granite  block 
along  the  outside  of  the  outer  rails.  The  sidewalks  are  of 
cement.  The  traffic  is  heavy,  as  indicated  by  the  ac- 
cumulation of  dirt,  8  cu.  ft.  per  1,000  sq.  yd.  per  24  hours. 


[  Indiana    Trucks    Used   for   Construction    of   National    Pavement   at    Pittsburg,    Kan. 

don    worm    driven    and  equipped  with  Wood's    hydraulic  After  collecting  the  heavy  material,  the  dust  from  the 

hoists,  and  carried  a  S^^-yd.  steel  dump  body.     The  rear  sidewalk,  the  roadway  (from  the  car  tracks  to  the  curb), 

wheels  had  Firestone  giant  tires,  36x10,  which  show  up'     and    from   the   car  tracks   was   collected  with    horsehair 

to  very  good  advantage  in  country  road  building.  brooms    and   measured   separately   and   samples   of    each 

~,    '        ,    ,.  J  J      ..     iu     4.       1        J-  4.U       1     J-  accumulation  were  submitted  to  a  chemical  analvsis  on  a 

The  asphalt  was  dumped  into  the  trucks  at  the  plant,  ^    ,  v,     • 

each  batch  weighing  818   lb.     Ten  batches  were  hauled  "  '  ,  ,     ,,      ^  ,,      .       ,    ,  , 

.         uij        jirt  J*-        o         1  u  From  these  data  the  following  table  was  obtained: 

at  each  load  and    10    round    trips    8    miles    each    were  ^ 

made  daily,  a  round  trip  taking  about  48  minutes.     Part  1  cu'i°?s  tcf  car  right'^ot  ^^a'\ , 

of  the  distance  covered  was  on  a  dirt  road  and  the  rest  ofdust'per"'  dust^lfeV^uo    'pe?^^ooj 

on  brick  pavement.  s„;^^  i.ooo^sq.  yd.        sq.  .yd. '  sq.  j;d. 

Before  the  trucks    were    obtained    the  contractor  em-  caSum^carbSe': .'"^"^': ! ! -.  l -.    H  "'fo  Voo 

ployed  wagons.     Four  trips  were  made  daily,  each  team  ?,-on"^^!"".\.':'!'^^°".'*.*.';'. •.■■.■."."■■'■     n  Is  300 

carrying  five  batches  to  the  load,  making  the  total  day's  t-ndetermmed  '!!!['...'.    'm  '.is  ;2n 

work  for  one  team  and  driver  20  batches  hauled  or  16,-  Total   2.01  Jm  ss.oo 

360  lb.  of  National  paving  material  delivered  on  the  job  The  silica  consists  mainly  of  dirt  from  the  street,  sand 

at  a  cost  of  $4.     The  cost  for  10  teams  and  drivers  de-  and   gravel   from   the   roofs   of   buildings,    leakage    from 

livering    163,600    lb.    daily    would    be    $40.     This    same  vehicles,  and  the  fine  sand  used  on  the  car  tracks  to  facili- 

amount   was   delivered  by  the  two   Indiana  trucks   at   a  ^ate  the  stopping  of  cars, 
cost  of  $10  per  day.  The  organic  matter  and  carbon  consists  of  refuse  paper. 

An  interesting  feature  of  this  work  was  that  the  con-  '"^""''e-  ^°°^'  ^oal  and  various  other  volatile  matters  com- 

struction  company  had  been  forced  to  recognize  the  la-  '^""l^^' ^^^d  in  the  street.       . 

borers'    and    teamsters'    union,  but  iu.st  at  the  time  the  The  carbonate  of  lime  is  principally  from  the  limestone, 

„„•  „  ^„,i„,  „„       ^  •   i      or     .  ,  .      ,  spilled  from  vehicles  conveving  building  materials,   etc., 

union  scale  was  put  into  effect  he  received  his  trnrks  nnrl  j  i-i       ■  j.     r  ^u        '  ^        ..      j^  i-        r        j  •     ^u 

■HToo  „T,i     *.     1         a  -.n  ^  'CLcneu  lus  iiucKs  ano  and  likewise  most  of  the  carbonate  of  lime  found  in  the 

was  able  to  lay  off  10  teams.  ^j^st  f^om  the  sidewalks  from  this  source,  although  some 
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of  it  is  from  the  wearing  down  of  cement  sidewalks  by 
pedestrians. 

The  iron  content  exists  in  the  free  state  and  the  natural 
assumption  is  that  most  of  it  comes  from  the  car  tracks, 
although  some  of  it  is  from  the  wheels  of  vehicles  and 
from  the  shoes  of  horses  and  even  of  pedestrians. 

It  is  interesting  to  compare  the  quantity  of  dust  col- 
lected from  a  street  carrying  car  tracks  with  the  quan- 
tity collected  from  a  street  without  car  tracks.  For  the 
purpose  of  comparison  the  same  classification  :.s  to  the 
sidewalk,  roadway  and  car  tracks  is  maintained — a  space 
16  ft.  wide  through  the  middle  of  the  street,  representing 
the  car  tracks,  in  the  case  of  the  street  without  car  tracks. 

Knadway  Street  car 

(curbs  to  car  riwlit  of  way. 

Sidewalk,  lb.    tracks),  lb.  o(  lb.   of  dust 

of  dust  per     dust  per  1,000  per    1.000   s(i. 

1.000    sq.    yd.           sq.  yd.  yd. 

Street    wiih    car    tracks 1.30                        G.OO  ;io.00 

Street  \vithout  car  tracks 4.00                      O.CO  2.G0 


HIGHWAY  CONSTRUCTION  IN   KENTUCKY. 

A  considerable  mileage  of  highway  is  now  under  con- 
tract or  contemplated  for  construction  this  season  in 
Kentucky.  The  various  counties  in  this  state  are  offer- 
ing many  construction  opportunities  for  highway  con- 
tractors. Surveys  have  been  made  for  appro.ximately  682 
miles  of  road.  The  state  roads  fund  amounts  to  $712,000 
and  the  bond  issues  of  counties  or  road  districts  for  1915 
and  1916  total  $6,275,000.  Most  of  this  sum  will  be  ex- 
pended this  year.  The  following  tabulation  shows  the 
work  placed  under  construction  so  far  this  year: 

County.  Road.  Type.  ililes. 

Adair    Columbia-Liberty    Water    bnd.     mac   I* 

Ballard     VVickliffe-Barlow     Gravel    surface    2.33* 

Bell Greasy  Creek    1.5t 

Bell  Greasy  Creek    _; . 

Bovle    Danville-Houstonville     1.7* 

Boyle    Danville-Stanford     3.7* 

Boyle    Danville-PerryvlUe    4. 5* 

Campbell    Waterworks    Brick    • 

Ciark    Winchester,    Ruckerville    & 

Vienna    Mac.    resurfacing...  4* 

Clark    Lexington    Resurfacing     .: 1.5* 

Clark    Winchester-Paris    Resui-facing  6.5t 

Gallatin     Warsaw- Burlington     Mac.    resurfacing • 

Grant    Lexington-Covington    Tarvia    32* 

Graves     Mayfleld-Paris    5.S5* 

Greenup    Ohio    River    Earth    iT* 

Greenup    Riverton- Hopewell     Earth    .t* 

Hardin    Dixie   Highway    Macadam    3* 

Hardin    Dixie   Highway    Macadam    3* 

Harlan    rfailan-Bell     Macadam    9.5* 

Harlan    Farmers   Mill  &  Martin's 

Fork    Macadam    5* 

Harrison     Cynthiana-Carlisle    4.2* 

Harrison     Cynthiana-Williamstown    7.42* 

Harrison     Cynthiana-Falmouth     Mac.    resurfacing...   4t 

Hopkins    Madisonville-Hopkinsville     ..Mac.    resurfacing...   1.5* 

Jefferson     ISth    St.    Road    Rock   asphalt    17.97* 

Knox    Big   Richland   Creek    Earth    7* 

Knox    Williamsburg    Earth    .'i.O* 

Knox    Pineville    Sandstone-Mac.     . . .  fi* 

Laurel     London-Clay   County   line    ..Earth    3.2* 

Laurel     London-Manchester  Macadam    • 

Laurel     London- Pittsburg     Macadam    • 

Laurel     Sublimity    Macadam    * 

Laurel     Corbin-Lilly     * 

Lincoln    Stanford- Boyle    County    line.  Concrete    * 

Lincoln    Crab   Orchard-Rock    County. Earth    2.57* 

Lincoln    Stanford-Crab  Orchard   * 

Lincoln    Stanford-Danville    Macadam    ' 

Marion    Lehanon-Bradfordville   Macadam    4.5* 

McCracken    ....  Noble    2* 

McCracken    ....  Clark    Line    2* 

Muhlenburg    Macadam    6* 

Muhlenburg    ...Greenville    Macadam    * 

Nelson     Bardstown-Springfleld    Macadam    3* 

Nelson     Bardstown-Lebanon    Macadam    S* 

Nelson     Bardstown-Elizabethtown    ..Macadam    6* 

Nelson     Bardstown-Taylorsville    Macadam    6* 

Oldham   BucKner-Crestwood    Macadam    * 

Oldham   La  Grantre-Shelbyville  Mac.    resurfacing...   4.7* 

Shelby    ShelbjTille- Jefferson  Macadam    * 

Shelby    Shelbyville-Franklin   Macadam    5* 

tBy    force   account.      'Taken    over   by    county    from 


•By    contract. 

contractors. 

It  will  be  noted  from  the  above  table  that  the  contracts 
usually  cover  several  miles  of  highway.  The  prevailing 
type  of  surfacing  is  macadam,  although  some  contracts 
for  brick  and  concrete  roads  have  been  let.  K.  Wiley, 
Frankfort,  Ky.,  is  State  Commissioner  of  Public  Roads. 


HIGHWAY 


CONSTRUCTION 
FOR     1916. 


IN      MINNESOTA 


It  is  estimated  that  the  various  counties  of  Minnesota 
will  expend  approximately  $4,000,000  during  the  present 
season  on  road  work.  Plans  for  some  860  miles  of  roads 
already  have  been  filed  with  the  State  Highway  Commis- 
sion, St.  Paul.     An  outline  of  the  probable  construction 
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shows  the  following:  2,500  miles  of  grading  on  state 
roads,  700  miles  of  graveling,  150  miles  of  sand-clay  sur- 
facing, 35  miles  of  macadam,  4  miles  of  brick  and  1  mile 
of  concrete.  The  following  tabulation  shows  the  con- 
templated work  in  several  counties; 

Giading.  Graveling, 

(■(.untv  pnd  County  Seat.                                            Miles.  Miles.  Cost. 

lilue    Karth.    Jlankato    24  b  »;i!.00» 

I'.n.wn,    New    llm    '^  W  iMi^ 

■•arlton.    Carlton     26  43*  64,000 

Clav.     .Moorhead      , 53  ..  :j2,00» 

I'.ittonwooil.    Wliidom     57  ..  JY'SSx 

frcw    Winv;.    Ilrainerd 35  36  ''i'SS* 

GimkUuk-.    lied    Win^-    25  io  ^S-J^O 

Kandlvohl.    Willmar 36  S  -2'$9? 

I.acqui    Parle.    Madlson    28  9  39.000 

.McLeri.  Glencoe   20  20  So.OOO 

.Morrison.    Little    K'alls    65  ..  =•''•55? 

Murrav.    .Slavton     50  ..  i1'S5R 

IMne.    Pine    C  tv    30t  ..  64.000 

Kfcrtwood,    Redwood    Falls    57t  i^.OOO 

Kice.    Faiibault    35  30  36,000 

liock.  luverne  18  18  49.000 

Washington,    Stillwater    6  0  23,000 

•2S    miles   of   graveling   to    cost    $32,000    will    be    paid    for   from    bond 
issue,     tl'ald   for  from  bond  issue. 


ROAD   SIGNS. 


Clarke  County,  Washington,  is  using  the  sign  shown 
in  the  accompanying  illustration  for  marking  its  roads. 
The  sign  consists  of  a  round  standard  bearing  targets 
on  which  the  name  of  the  towns  and  their  mileage  are 
shown  in  white  against  a  black  background.    Directions 


Road   Sign,  Clarke  County,   Washington. 

are  indicated  by  arrows.  The  sign,  as  will  be  .=een  from 
the  cut,  is  well  adapted  to  conditions  arising  from  dif- 
ferent road  angles.  The  county  obtained  the  signs  from 
the  Coast  Culvert  &  Flume  Co.,  Portland,  Ore.,  the  agents 
in  the  district  for  the  R.  Harbesty  Mfg.  Co.,  Denver,  Col. 
W.  A.  Schwarz,  Vancouver,  Wash.,  is  the  County  Engi- 
neer. 


OILING  CINDER  AND  SLAG  ROADS. 

An  interesting  experiment  in  oiling  a  cinder  and  slag 
road  between  Ankeny,  la.,  and  Des  Moines,  la.,  is  being 
carried  out,  according  to  the  Service  Bulletin  of  the  Iowa 
Highway  Commission.  During  the  latter  part  of  June 
and  the  first  week  in  July  the  Polk  County  Supervisors, 
working  in  conjunction  with  the  Highway  Commission 
and  the  Good  Roads  Section  of  Iowa  State  College,  placed 
Yo  gal.  of  liquid  asphalt  to  the  square  yard  of  road  sur- 
face. The  asphalt  was  put  on  with  a  pressure  tank  with- 
out any  artificial  heating.  The  temperature  during  this 
period  ranged  from  90  to  100'.  This  road  was  originally 
surfaced  with  slag  from  the  coal  mines.  This  material, 
while  furnishing  a  good  waterproof  surface,  did  not  have 
sufficient  wearing  qualities  and  wore  away  rapidly  under 
the  heavy  automobile  traffic  on  that  road.  The  road  offi- 
cials, after  scarifying  the  slag  surface,  gave  the  road 
a  coating  of  steam  cinders.  This  has  been  under  traffic 
now  for  two  or  three  months  and  is  in  fine  condition  for 
the  oiling  experiment.  The  oil  being  used  on  this  e.\peri- 
ment  is  a  little  higher  class  and  more  expensive  than 
the  average  used  for  oiling  country  roads. 
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PNEUMATIC  SCARIFIER  FOR  ATTACHMENT  TO 
A  ROAD  ROLLER. 

A  scarifier  which  can  be  attached  to  any  standard 
Austin  road  roller  is  illustrated  by  the  accompanying  cut. 
The  general  design  of  this  scarifier  consists  of  p.  cylinder 
attached  to  the  rear  end  of  the  roller  frame,  to  which 
pressure  can  be  applied  from  air  storage  tanks  mounted 
on  either  side  of  the  cylinder.  The  cylinder  is  connected 
to  the  scarifier  by  a  connecting  rod  pinned  at  each  end, 
which  prevents  any  straining  or  twisting  of  the  scarifier 
attachment  transferring  undesirable  vibration  or  strain 
to  the  cylinder  itself.  The  scarifier  attachment  consists 
of  a  hinged  frame  hung  on  the  rear  end  of  the  roller 
frame.  This  hinged  frame  is  spanned  by  a  steel  yoke  at- 
tached to  the  lower  end  of  the  piston  connecting  rod,  so 
that  the  downward  pressure  of  the  piston  will  force  the 
scarifier  teeth  into  the  ground  and  keep  them  there  during 
work,  and  by  a  simple  reversing  cock  the  pressure  can 
be  applied  to  the  lower  end  of  the  piston  and  quickly  raise 
the  teeth  out  of  woi'k. 

The  air  pressure  is  maintained  in  the  tanks  by  a  small 
compressor  mounted  on  the  top  of  the  engine  cylinder  and 
operated  by  the  engine  from  the  crank  shaft.  A  few  min- 
utes' running  of  the  compressor  is  sufficient  to  raise  the 
air  pressure  in  the  tank  up  to  120  lb.  per  square  inch. 


Pneumatic   Scarifier  for  Attachment  to   a    Road    Roller. 

which  is  ample  for  operating  the  scarifier,  and  a  safety 
valve  is  supplied  in  the  tanks  which  blows  off  at  that 
pressure.  The  tanks  are  tested  to  300  lb.  pressure,  so 
that  they  are  absolutely  safe.  The  tanks  are  fitted  with 
a  pressure  gage  and  the  compressor  is  fitted  with  an  au- 
tomatic cut-off,  so  that  when  the  regular  working  pres- 
sure is  reached  the  air  compressor  is  automatically  cut 
out,  thus  saving  wear  and  tear  and  loss  of  horsepower. 

In  the  operation  of  this  scarifier  very  little  skill  or 
attention  is  called  for  from  the  operator.  One  four-way 
cock  controls  all  the  movements;  once  the  machine  is 
lowered  into  the  work,  it  automatically  adjusts  itself  to 
the  surface  of  the  road.  The  air  pressure  in  the  piston  ac- 
complishes this  with  an  ease  and  elasticity  which  is  very 
satisfactory,  this  pressure  at  the  same  time  acting  as  a 
buffer  in  protecting  the  roller  and  its  parts  from  the 
strain  and  vibration  of  doing  the  heaviest  work. 

Each  of  the  seven  teeth  is  adjustable  separately  for 
wear  and  depth  of  cut,  and  is  so  attached  that  the  loosened 
material  does  not  clog  up  in  front.  The  road  wheels  at 
each  end  of  the  scarifier  simply  act  as  guides  or  guards 
so  as  to  adjust  the  depth  of  cut  and  maintain  even  and 
uniform  work  and  to  prevent  the  teeth  from  diving  when 
soft  material  is  met  with. 

This  device  is  manufactured  by  the  Austin-Western 
Eoad  Machinery  Co.,  Chicago,  111. 
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STREET  SPRINKLING  IN  A  SMALL  CITY. 

Last  year  Rochester,  Minn.,  a  city  of  about  8,000  popu- 
lation, began  sprinkling  its  streets  by  force  account. 
Previous  to  1915  this  work  had  been  done  under  the  con- 
tract system.  Last  spring,  however,  the  charter  was 
amended  so  as  to  allow  the  city  to  do  its  own  sprinkling, 
charging  to  the  frontage  the  exact  cost  of  the  work.  In 
the  July  Bulletin  of  the  Affiliated  Engineering  Societies 
of  Minnesota  Mr.  J.  C.  Utton,  City  Engineer  of  Rochester, 
describes  this  work. 

The  city  possessed  four  standard  Austin  sprinkling 
wagons  of  600  gal.  capacity.  The  sprinkling  season  cov- 
ered a  period  of  6  months,  commencing  May  1  and  ending 
Nov.  1. 

The  sprinkling  district,  which  comprised  some  5-U 
miles  of  paved  streets  and  4  miles  of  unpaved  streets, 
was  divided  into  four  districts,  equalizing  as  much  as 
possible  the  travel  for  each  of  the  teams.  The  paved 
streets  were  sprinkled  four  times  daily  and  twice  on  Sun- 
days. The  unpaved  streets  were  sprinkled  twice  daily 
and  once  on  Sundays.  The  average  daily  sprinkling 
travel  for  each  team  was  14.4  miles.  The  teams  were 
hired  by  the  month  at  $110  each.  The  city  does  not  own 
its  water  works  system,  so  the  water  was  not  free,  being 
charged  at  the  rate  of  1  ct.  per  100  gal.  of  metered  water, 
each  tank  being  equipped  with  a  meter. 

Under  the  charter,  the  cost  of  sprinkling  each  street  has 
to  be  kept  separate,  so  that  special  report  blanks  were 
necessary,  entailing  an  unusually  large  amount  of  book- 
keeping. Daily  report  blanks  were  furnished  to  the  driv- 
ers, who  filled  them  out  and  handed  them  in,  containing 
the  following  information: 

Date Driver's    Name 

Route  Xo Tank     Xo 

Jleter  Eeadlns Xame    of    Street 

Tanks  of  Water  Used  on  Street. 

Time  of  Travel  on  Street 


Monthly  reports  were  made  up  from  the  daily  reports, 
and  each  street  totaled  up  with  the  amount  of  water  used 
and  labor  cost'  for  hauling  and  sprinkling. 

An  exact  record  of  the  time  taken  for  sprinkling  each 
street  was  kept,  so  that  if  the  total  hours  of  the  driver's 
report  did  not  tally  with  the  number  of  monthly  working 
hours,  due  to  wet  weather,  repairs,  etc.,  then  the  hour 
cost  was  prorated  among  the  different  streets  in  propor- 
tion to  the  amount  of  time  it  took  to  sprinkle  a  certain 
street.  The  cost  estimate  for  sprinkling  the  streets  dur- 
ing the  season  was  made  up  upon  an  area  basis,  100  sq. 
ft.  of  surface  being  taken  as  the  unit  basis,  street  inter- 
sections being  included  in  this  estimate.  The  entire  cost 
of  sprinkling  each  street,  including  intersections,  was 
assessed  against  the  abutting  property  on  the  frontage 
basis.  Corner  property  fronting  on  two  streets  that  were 
sprinkled  were  assessed  up  in  full  for  each  frontage,  the 
contention  being  that  sprinkling,  like  paving,  is  a  neces- 
sity and  as  beneficial  to  the  property  on  one  street  as 
on  the  other.  The  cost  to  the  property  holders  per  front 
foot  on  the  paved  streets  varied  from  0.2  to  0.57  ct.  and 
on  the  unpaved  streets  from  0.2  to  0.31  ct.  The  difference 
on  the  paved  streets  was  due  to  a  portion  of  the  street 
being  under  construction  for  a  short  time  and  to  an  unus- 
ually wide  pavement  of  70  ft. 

A  comparison  of  the  two  systems  of  street  sprinkling 
shows  the  following: 

IflH.  1915. 

Yardasre  covered  daii.v CSS, 120         GS6.5S2 

Lineal  feet  covered  daily .' 135,232         l(i0.656 

Lineal  feet  of  actual  sprinkling  travel  daily 2S5.220*       304.656t 

*Avera5e  of  13.5  miles  per  team.    tAverage  of  11.4  miles  per  team. 

Prior  to  1915  the  city  had  been  paying  out  of  their  gen- 
eral fund  for  one-half  of  the  water  used  by  the  contractors 
and  furnishing  to  them  free  of  charge  the  use  of  the 
sprinkling  wagons.  In  1914,  under  the  contract  system, 
with  3^2  miles  of  paved  streets  and  5.7  miles  of  unpaved 
streets,  the  city  paying  one-half  of  the  water  cost,  the  con- 
tract price  was  $3,086.24.  In  1915,  under  city  force  ac- 
count, with  534  miles  of  paved  streets  and  4  miles  of 
unpaved  streets,  the  city  paying  for  all  of  the  water  used 
and  charging  up  same  to  the  fi'ontage,  the  cost  was 
§2,985.23. 
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POST   ROAD    CONSTRUCTION    UNDER    ACT    OF 
AUGUST,  1912. 

Over  450  miles  of  highway  have  been  practically  com- 
pleted under  the  direction  of  the  U.  S.  Office  of  Public 
Roads  under  the  Post  Roads  Act  of  Aug.  24,  1912.  This 
act  appropriated  $500,000  for  improving,  under  the  super- 
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to  add  to  it  certain  other  connecting  and   much   needed 
cro.ss-state  roads. 

The  act  of  1909  provided  $18,000,000  and  called  for  the 
construction  of  nearly  2,900  miles  of  roads,  an  average 
allowance  of  appro.ximately  $6,200  per  mile,  including 
expenses  of  every  nature.  The  following  statistics  from 
the  California  Highway  Bulletin  show  some  of  the  work 


TABI£    I.— lOST    ROADS    CONSTRUCTED    UNDER 

I<pnglh, 
State.  Counties.  Miles. 

Aiabama    Lauderdale    28.00 

Iowa Boone   and   Story    51.00 

Dubuque    19.20 

Kentucky    Bath  and  Montgomery    10.90 

Maine   Cumberland   20.iU 

.Maryland   Montgomerj-    5. 40 

Jlississlppl    Leflore    21. SO 

North  Carolina    McDowell    16.00 

Forsythe,   Davie  and  Iredell   50.82 

Ohio    Licking   and  Muskingum    23.97 

Oregon   Jackson    50.50 

South  Carolina   .\iken    26.98 

Tennessee   -Montgomery    7.6.T 

Loudon   6.40 

Texas    Bexar  Guadalope,  Comal,  Hayes  and  Travis 71.14 

Virginia    Fairfax    12.33 

Spotsylvania.  Hanover  and  Caroline   33. SO 

Totals    4.';6.S3 

•Estimated. 


ACT    OF    AUGUST,    1912. 

Type 

Width  Sur- 

Construction. 

facing.  Ft. 

Total  Cost. 

Present  Status 

Earth 

$  23,991 

Completed 

Earth 

43,014 

Completed 

Gravel 

]•■, 

115,000* 

50%     Compl 

Macadam 

14 

45,545 

Completed. 

Bit.    Mac. 

15 

245,736 

Completed 

Macadam 

15 

45,045 

Completed 

Gravel 

15 

150,677 

Completed 

Earth 

45,000* 

90%     Compl 

Top   Soil 

16 

99,754 

Completed 

Concrete 

IS 

440,000* 

Surf,    compl 

Earth 

29,999 

Completed 

Sand-clay 

is 

30,000 

Completed 

Macadam 

9 

32,422 

Completed 

Macadam 

14 

32,400 

Completed 

Gravel 

14&15 

241.856 

Completed 

Gravel 

14 

54,706 

Completed 

Top  Soil 

16 

47,651 
1,728,798 

Completed 

vision  of  the  Secretary  of  Agriculture,  such  roads  as  were 
selected  by  the  Postmaster  General  and  the  first  named 
official.  The  local  authorities  in  each  case  were  required 
to  appropriate  at  least  two  dollars  to  every  dollar  appro- 
priated by  the  government.  In  all  17  post  roads  were 
selected  for  improvement.  These  were  located  in  13 
states.  The  total  mileage  is  456.83  and  the  probable  total 
cost  of  the  work  is  $1,728,798.  Table  I  shows  the  status 
of  this  work. 


accomplished   by  the   State   Highway   Commission   under 
the  $18,000,000  bond  issue: 


2,280 

1,705 

.1 13,327 


Miles  of  road   surveyed    

Miles  of  ri.ght   of   way   secured    

Acies  of  right   of  way  secured    

Miles  ot   highway   constructed: 

Oiled    macadam     129 

Concrete   pavement    933 

Asphalt     33 

Graded    395 


PORTABLE  WEIGHING  DEVICE. 

The  accompanying  illustration  shows  a  portable  de- 
vice used  by  Citizens'  Street  Cleaning  Bureau,  Inc.,  of 
Chicago,  for  weighing  street  dirt  and  refuse.  It  consists, 
as  will  be  seen  from- the  cut,  of  pipework  frame  mounted 


Total     1.490 

Miles   of   road   paved  by  counties  and   taken   over,    improved   and 

maintained    1>\-    the    state    108 

Appro.ximate  quantities  of  work  accomplished  include 
the  following: 

Earth  and  rock  moved.  11,750,000  cu.  yd.,  at  an  average  cost  of  38  ct. 
Concrete    pavement    laid,    S,7o0.000    sq.    .vd..    at    an    average    cost    of 
Tiy.  ct. 

Concrete  pavement  laid.  1,000.000  cu.  yd.,  at  an  average  cost  of  $6.64. 

Of  the  $18,000,000  the  Commission's  balance  sheet  of 


Machine   for   Weighing    Street   Sweepings.    Chicago,    III. 

on  wheels.     The  curb  boxes  shown  are  of  special  design,      April  15,  1916,  shows  the  following  expenditures  to  that 
having  projections  at  each  end  to  which  the  chain  is  at-     date: 

tached  ilighways    imder  construction    $14,4GS.082 

Construction    plants  and   e<iu!pment    181,400 

Surveys,   expense  oi   which   has  not  yet  been  distributed  to 

STATE     HIGHWAY     CONSTRUCTION     IN     CALL  neXi^r\e%T^^^  I^^JZ^  omces^generai  expense! ::;::::      ^^^ 

t  OKN 1  A.  Total     $16,119,583 

The  citizens  of  the  state  of  California  will  vote  in  No-  The  unexpended  balance  of  the  fund,  $1,900,000,  will 

vember  on  the  acceptance  of  the  new  State  Highway  Act  be   used  to   complete   the   roads   already   under   contract 

passed  by  the  legislature  of  1915.     This  act  appropriates  and  for  the  construction  of  some  few  sections,  to  do  which 

$15,000,000  to  complete  the  system  originally  planned  and  the  Commission  is  obligated. 
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It  is  proposed  to  expend  the  funds  from  the  new  $15,- 
000,000  bond  issue  for  the  building  of  about  1,400  miles 
of  roads,  this  mileage  including  the  mountain  lateral. 
Of  this  sum  $12,000,000  will  be  used  for  the  completion 
of  the  original  system  of  trunk  roads  and  county  seat 
laterals,  and  $3,000,000  will  be  applied  on  a  county  aid 
co-operative  basis  to  the  building  of  the  following  addi- 
tional highways : 

An  extension  connecting  the  interior  and  coast  main 
roads  through  Trinity  and  Humboldt  counties. 

An  extension  connecting  the  San  Joaquin  Valley  trunk 
road  between  Merced  and  Madera  with  the  coast  main 
road  at  or  near  Gilroy,  Santa  Clara  County,  via  Pacheco 
Pass. 

An  extension  of  the  Mariposa  County  state  highway 
lateral  to  El  Portal,  Mariposa  County,  the  gateway  to 
Yosemite  Valley. 

An  extension  of  the  laterals  between  Visalia  and  Han- 
ford,  via  Coalinga  to  connect  the  San  Joaquin  Valley 
main  road  in  Tulane  County  with  the  coast  trunk  road  in 
Monterey  County. 

An  extension  connecting  the  San  Joaquin  Valley  trunk 
road  at  or  near  Bakersfield  with  the  coast  trunk  road  in 
San  Luis  Obispo  County,  via  Cholame  Pass. 

An  extension  of  the^  San  Bernardino  County  state  high- 
way lateral  to  Barstow  in  San  Bernardino  County. 

An  extension  connecting  Antelope  Valley,  Los  Angeles 
County,  with  the  city  of  Los  Angeles. 

An  extension  of  the  San  Bernardino  County  state  high- 
way lateral  to  the  Arizona  state  line  near  Yuma,  via 
Brawley  and  El  Centre  in  Imperial  County. 


STANDARD    PAVEMENT    SECTIONS    OF    PORT- 
LAND, ORE. 

A  convenient  method  for  shov/ing  the  details  of  the 
various  classes  of  pavements  laid  at  Portland,  Ore.,  is 
employed  by  the  Department  of  Public  Works  of  that 
city.     Drawings  of  the  standard  sections  are  reproduced 


of  the  specifications  is  given  on  the  blue  print  beside 
the  corresponding  pavement  section.  The  accompanying 
illustration  shows  the  standard  sections.  The  yardage 
laid  and  average  price  of  these  pavements  last  given 
were  as  follows: 


,      .    ,.  Sq.  yds. 

Asphalt     4,285 

Asphaltlc   conc:ete    on    crushed    rock    base 48,101 

A.splialtlc    concrete   on   bituminous    base 87,127 

Bitulithic     26,089 

Bitulitnic  redress    IS  826 

J^ricls     13  J41 

Concrote    30,461 

^lacadam     20,425 

Gravel    bitulithic     ...'.   35'566 

Hassam.    Cla.ss    -V    12,'55.'i 

Hassam.    Class    B 5397 

Stone    Block     4346 


Av.  pr.ce 

per  si|.  yd. 

$1.54 

1.29 

1.12 

1.59 

1.18 

2.50 

1.21 

.45 

1.38 

1.40 

1.27 

3.15 


These  prices  include  the  cost  of  the  base,  but  do  not 
include  the  cost  of  grading,  which  averaged  about  35 
ct.  per  cubic  yard.  The  figures  are  based  on  the  follow- 
ing material  and  labor  prices:  Portland  cement,  $2  per 
barrel;  broken  stone,  $1.30  per  cubic  yard;  sand,  86  ct. 
per  cubic  yard;  gravel,  86  ct.  per  cubic  yard;  paving 
brick,  $1.50  per  square  yard;  California  asphalt,  $10.50 
per  ton;  Basalt  stone  block,  $1.60  per  square  yard;  com- 
mon labor,  $2.50  per  8-hour  day;  paver,  $5  per  8-hour 
day,  and  teams  with  driver,  $5  per  8-hour  day. 

All  the  bitulithic  pavement  (laid  under  Warren  Bros.' 
patents)  put  down  during  the  year  was  on  a  crushed 
rock  base.  The  bitulithic  redress  is  the  standard  bitu- 
lithic wearing  surface  laid  on  a  dry  rock  binder  U  in. 
thick  on  top  of  the  old  macadam,  trimmed  up  to  sub- 
grade.  The  comparatively  low  price  of  the  asphalt  pave- 
ment is  explained  by  the  fact  that  all  of  the  asphalt  used 
was  manufactured  in  California  from  the  natural  oils. 
Philip  H.  Dater  is  City  Engineer  of  Portland,  Ore. 


DATA   ON   SPLIT  GRANITE   BLOCK   PAVEMENT 
AT  PORTLAND,  ME. 

During  1915  the  city  of  Portland,  Me.,  constructed  11,- 
784  sq.  yd.  of  pavement  on  Monument  Square  and  on  Con- 
gress St.     The  work  consisted  in  taking  up  the  old  granite 


•  ■ '  Wearing  Surface 


•     "  B:ncler-<>' 
'-'  '       Concr  Base 


Sheet  Asphalt  on 
Concrete  Base 


Wearing  5urfac& 


S'rjnunous  Ba^e 


-;-*. 
-^ 


Asphaltic  Concrete 
on  Bituminous  Base 


Wearing  Surface 


Crushed  Rock  Base, 


Bitulithic  Pavement 
on  Crushed  Rock  Base 


Concrete 
n-4- 


fCrushed  Rock 
]  Rolled  and  i 

Troufed  Mix  IZi 


Concrete 


Wearing  Surface  - 


1.  -'^■* 


Binder 
Concr  Base 


Wearing  Surface 


Binder- 
Crushed  Rock  Base 


rtf^ir. 


Asphaltlc  Concrete 
on  Concrete  Base 


Asphaltlc  Concrete 
on  Crushed  Rock  Base 


Wearing  Surface 


Binder 


Crushed  Rock ^^^i. 


Old  Macadam  Base 


1 


Wearing  Surface 


Concrete  Base 


-^ 


Resurfacing  old  Macadam 
Streets  with  AsphalticConcrete 


Bitulithic  Pavement 
on  Concrete  Base 


Wearing  Surface 


Bituminous  Base 


ii 


Wearing  Surface 
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Crushed  Rock 


4r 
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Gravel  Bitulithic 


Old  Macadam  Base 


Brick  Blocks 


Hassam 
Class  'A'-6'  Class's -S'th 


Brick 


1-4  Cushion 


Concrete  Base 


— Y 
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FaSH3:i 


Resiirfacinq  Old  Macadam 
Str's  with  Bitulithic  redress 

K 


i   i 


E.&C 


Brick  and  Level-''      Brick  Blocks  on 

Bricl<i  Blocks    '  Hillside.  Sect  along  tfie 
street  showing  beveled  edge 


5h  >ne  Bloch 


15  Cushion 


Concrete  Base 


Stone  Blocks 


standard   Pavement  Sections.   Portland.  Ore. 


on  a  blue-print  sheet,  so  that  the  construction  and  thick- 
ness of  the  various  types  can  be  noted  at  a  glance.  The 
standards  cover  14  classes  of  pavement,  for  each  of 
which    there   are   standard    specifications.      The   number 


blocks,  splitting  them  and  relaying  on  a  new  5-in.  concrete 
base.  The  improvement  was  carried  out  by  the  Hassam 
Paving  Co.,  Worcester,  Mass.,  on  the  basis  of  cost  plus 
10  per  cent.     The  following  data  on  the  Congress  St.  pav- 


August.    2 
Vol.   XL\'I. 


1916 
Xo.    3 


109 


.97[(G  +  P)+.03] 
It  is  now  only  necessary  to  determine  the  absolute  vol- 
ume of  sand  and  cement  in  the  above  quantity  of  mortar 


ing  are  taken  from  the  recently  issued  annual  report  of  V  =  Absolute    volume    of   stone    in    a    unit    volume   of 

Bion  Bradbury,  Jr.,  Commissioner -of  Public  Works.  stone  =  1  —  G. 

The  pavement  was  made  up  of  a  5-in.  Hassam  concrete  Then 

base,  2-in.  sand  cushion,  split  blocks,  grouted  with  cement  Va  =  The  absolute  volume  of  stone  in  a  unit  volume  of 

grout  and  pea  stone.     The  unit  costs  were  as  follows:  the  concrete  as  mixed  will  be  1  — (G  +  P). 

Persq.  yd.  The  loose  volume  of  mortar  required  to  fill  the  voids 

TakinK  up  old  blocks,  splitting,  countingr.  etc $o.5i8S  {„  the  stone  is  obviouslv  (for  a  unit  volume  of  concrete) 

Founiiation,  5-in.  concrete  base  '.'.'...'...'..'.'.'.    Asoe  (G  +  P)   and  the  ratio  of  mortar  to  absolute  volume  of 

Block  paving,  laylngr,   hauling  and  pea  stone 2201       Stone  Will  be: 

^J^?^n'''"':'!^. :::::::::::::::::::::::::::::::::;::::::::;:::::  imo      Mortar:   Absolute  volume  of  stone: 

Engineering  and  inspection    0194  /•r'^r>\.ri  m  ^  -o^i 

Overhead    1539  (G^-PJ.Ll  —  (h  +  i')] 

To,ai   sTssTi  It  now  remains  to  decide  upon  the  economical  thick- 
Cost  plus  10%  ass:  ness  mortar  covering  for  the  pavement  and  to  proportion 

Total  cost    $2.0758  the  mortar  to  stone  so  that  there  will  be  excess  mortar 

•Sand  furnished  by  city  without  cost.  10  per  cent  allowed  on  esti-  sufficient  to  properly  finish  the  surface.     The  condition 

mated  cost  ot  $1  per  cubic  yard.  r  ■       j  u  ^       -     j-      ^      ,.1.    ^ 

„  ,    ,  i  ^1  ,    .     1    ,     i,      J.  ,,      .  01   the  suriaces  examined  was   such  as  to  indicate  that 

General  data  on  the  work  include  the  following:  ^,^^^^  ^^^  ^^^^^^  covering  was  less  than  I4  in.  in  thick- 

S^erSl'nuU'er'bfocks^'p"li^"pVn\Vp^^^^  '^  '"'  '°"^-      "^^^^  'certain  mechanical  and  chemical  conditions  greatly 

Split  blocks,  per  sq.  yd..  34-35.  increased  the  tendencv  for  such  a  surface  coat  to  scale. 

8onc?«:  bfse!  ilbl?e1SlTgroutrd^'s'4l%q''>^^  One-quarter    inch,    therefore,    probably    represents    the 

Granite  blocks.  1  ton  pea  stone  grouted   73  2  sq.  yd.  minimum   thickness    of   mortar   covering   for   which   the 

Granite  blocks,  1  bbl.   cement  grouted,   19  sq.   yd.  ..  ,,,,,-  ,,,,.•■■,.. 

G'-anite  blocks.  1  cu.  yd.  sand  grouted.  61.3  sq.  yd.  proportions  should  be  designed.     This  IS  about  three  per 
cent   of  the   ordinary   pavement   thickness.     The   mortar 

WEAR  OF  CONCRETE  PAVEMENT  DUE  TO   IM-  necessary  to  fill  the  voids  and  furnish  in  addition,  a  car- 

PROPER  CONSTRUCTION  *  P^*  '^°^^  whose  thickness  is  given  by  the  following  ratio: 

Mortar:     Absolute  volume  of  stone: 

The  surface  of  some  of  the  pavements  examined  had  [.97(G  +  P)-f-.03]  :[.97(1 — (G  +  P)] 

a  pebbly  finish  wherein  the  smaller  pebbles  were  protrud-  In  other  words,  the  absolute  volume  of  stone  which  can 

ing  more  or  less  from  the  general  mortar  surface.     This      be  accommodated  by  a  unit  volume  of  mortar  is 
condition  may  be  due  to  any  one  of  the  following  causes:  "  .97[1 — (G  +  P)] 

Incorrect  proportioning  of  the  material  wherein  the 
mortar  is  too  low  a  percentage  of  the  total  volume. 

InsuflScient  tamping  or  consolidation  of  the  mass. 

Careless  floating  or  finishing. 

Taking  these  up  in  the  above  order: 

Proportion  of  Mortar  to  Stone. — The  first  requirement 
of  the  mortar  is  to  fill  the  voids  in  the  aggregate  as  mixed. 
The  first  problem  of  proportioning  is  therefore  to  deter- 
mine the  probable  percentage  of  voids  in  the  coarse  ag- 
gregate after  it  has  assumed  its  final  position  in  the 
concrete.  In  void  determinations  on  the  dry  aggregates, 
each  particle  of  aggregate  is  in  contact  with  every  other 
particle  adjacent  thereto  at  one  or  more  points,  but  when 
mixed  in  a  concrete  each  particle  of  aggregate  will  be 
coated  with  a  film  of  mortar  and  separated  from  each  of 
its  neighbors,  a  distance  at  least  equal  to  the  thickness 
of  this  film.  On  the  other  hand  the  lubricating  action  of 
the  mortar  makes  possible  a  greater  degree  of  consolida- 
tion than  is  usually  secured  with  the  aggregate  dry. 
These  two  factors  tend  to  neutralize  each  other.  How- 
ever, under  ordinary  field  conditions,  particularly  those 
prevailing  in  pavement  construction,  the  space  to  be  filled 
with  mortar  will  be  somewhat  greater  than  the  voids 
measured  in  the  dry  coarse  aggregate.  It  is  also  apparent 
that  the  amount  of  such  "spreading"  of  the  stone  particles 
will  vary  with  the  voids  in  the  original  aggregate,  with 
the  ratio  of  mortar  to  stone,  with  the  ratio  of  sand  to 
cement,  and  with  many  other  factors,  such  as  the  con- 
sistency, etc.  For  the  best  consolidated  cores  examined, 
data  as  to  the  increase  in  per  cent  of  voids  after  mixing 
was  obtained.  This  is  such  as  to  indicate  a  spreading 
action  varying  with  the  percentage  of  voids  in  the  origi- 
nal material  as  shown  in  Fig.  1. 

If  the  data  given  in  Fig.  1  be  taken  as  a  basis  for  the 
amount  of  spreading  of  the  stone  particles  which  may  be 
expected  with  the  best  consolidation  ordinarily  obtained, 
and  for  proportions  as  hereinafter  recommended,  the  fol- 
lowing calculations  show  the  proportion  of  mortar  to  stone 
which  will  give  the  best  results: 
Let 

G  =  The  percentage  of  voids  in  the  original  material. 

P  =  The  percentage    (of  the  whole)    increase  in  voids 
due  to  the  spreading  action  of  the  mortar. 

•Discussion-  based  on  exact  studies  of  Iowa  concrete  pavements  and 
published  in  Technical  Report  Xo.  1.  Iowa  State  Highway  Commission, 
by  T.  R.  Agg  and  C.  B.  McCullough. 
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Fin.   1.— C'jrves   Showing   Spreading    Action   of    Mortar   in    Concrete   for 

Pavements. 

and  the  proportions  can  be  readily  determined  by  substi- 
tution of  the  constants  from  the  curve  of  Fig.  1. 

Insufficient  Consolidation. — Inefficient  tamping  may  re- 
sult in  a  stony  or  pebbly  surface.  In  order  to  consolidate 
the  stone  and  to  flush  the  mortar  to  the  surface,  thor- 
ough tamping  is  absolutely  necessary  and  the  consistency 
should  be  such  that  this  consolidation  is  possible.  It  is 
apparent  that  even  though  there  is  an  e.xcess  of  mortar 
in  the  mix,  it  is  quite  possible,  through  insufficient  con- 
solidation, to  have  the  excess  mortar  deposited  at  the  bot- 
tom of  the  layer  instead  of  at  the  top. 

Careless  floating  or  surface  working.  Even  with  cor- 
rect proportions  and  thorough  tamping,  some  small  por- 
tions of  the  aggregate  will  probably  be  present  very  near 
the  surface  and  must  be  worked  into  the  mass  by  careful 
floating  of  the  surface.  Care  should  be  e.xercised  to  avoid 
excessive  floating  which  may  cause  scaling. 
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PRIMING  GASOLINE  ENGINES  WITH   ETHER. 

In  cold  weather  frequently  it  is  difficult  to  start  the 
gasoline  engine  of  a  motor  truck,  road  roller,  etc.  Even 
in  warm  weather  there  are  occasional  difficulties  of  this 
sort,  particularly  where  the  engine  is  large.  It  has  been 
found  advantageous  to  use  ether  for  priming,  instead 
of  gasoline,  for  a  heavy  motor  may  thus  be  started  with 
very  little  effort.  A  very  small  quantity  of  ether  insei'ted 
in  the  cylinders  will  enable  the  operator  to  start  the 
motor  on  the  first  quarter-turn. 


COMBINATION     GRAVEL     AND     CLAM     SHELL 
ROAD. 

A  combination  gravel  and  clam  shell  surfacing  is  being 
used  in  some  of  the  state  highway  work  in  Louisiana. 
This  road  consists  essentially  of  a  thin  gravel  wearing 
surface  composed  of  a  mixture  of  sand-clay  gravel  and 
washed  gravel  on.  a  clam  shell  base.  A  typical  section  of 
this  type  of  construction  is  shown  in  the  accompanying 
illustration.     The    sand-clay   gravel    is    the   bank   gravel 


ENGINEERING 
AND      CONTRACTING 

tamping  of  brick  will  be  permitted  for  two  weeks.  Should 
there  appear  any  uneven  places  in  the  surface  of  the  base 
to  e.\ceed  V-i  in.  from  the  proper  shape  as  shown  on  the 
plans,  then  all  such  uneven  places  shall  be  repaired,  so 
that  the  upper  surface  of  the  base  shall  be  smooth,  true, 
uniform  and  parallel  with  the  surface  of  the  finished 
pavement. 

Sand  Cement  Bed. — The  bed  shall  consist  of  one  part 
of  cement  to  four  parts  of  fine  aggregate,  thoroughly 
mi.xed  dry  until  there  exists  a  uniform  color  throughout. 

It  shall  be  spread  dry  upon  the  concrete  pavement 
base  to  a  thickness  of  approximately  34  in.  and  rolled 
with  a  hand  roller  weighing  not  less  than  15  lbs.  per 
inch  or  width  or  otherwise  compacted.  After  the  bed 
has  been  carefully  rolled,  it  shall  be  struck  oflf  to  the 
desired  cross-section  by  means  of  a  templet  drawn  along 
the  top  of  the  forms.  The  templet  shall  be  so  adjusted 
as  to  give  a  thickness  to  the  bed  of  %  in.  The  opera- 
tions of  shaping  the  concrete  foundation  for  the  pave- 
ment and  of  shaping  the  bed  for  the  brick  are  consid- 
ered as   of  prime   importance    in    securing  the    desired 
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or  pit  run  gravel.  This  is  mixed  with  the  washed  or 
screened  gravel  to  increase  the  percentage  of  rock  in  the 
metal  surfacing. 

The  approximate  quantities  of  material  required  for  a 
road  of  the  width  and  thickness  shown  in  the  cut  are  as 
follows : 

Per  mile 
cu.  yd. 
loose 
measure- 
ment. 

Sand-clay   gravel    609 

Washed   gravel    435 

Clam  shells    ' 2.407 

It  is  estimated  the  2,407  cu.  yd.  of  clam  shells  compact 
to  1,564  cu.  yd.  under  rolling.  The  gravel  mixture  is 
spread  to  a  depth  of  31,2  in.  loose  measurement  at  the 
sides  and  A\'2  in.  loose  measurement  at  the  crown  and 
compacted  by  rolling. 


SAND-CEMENT    BED    AND    MORTAR    BED     IN 
ILLINOIS   BRICK   ROAD   CONSTRUCTION. 

The  State  Highway  Department  of  Illinois  has  aban- 
doned the  use  of  the  sand  cushion  in  the  construction 
of  brick  paved  roads.  The  specifications  of  the  depart- 
ment, edition  of  March,  1916,  provide  for  two  types  of 
brick  road  construction — one  with  the  sand-cement  bed, 
the  other  with  the  mortar  bed.  The  specifications  for 
the  concrete  base  and  the  pavement  bed  for  these  two 
types  include  the  following  provisions: 

With  Sand  and  Cement  Bed. 

Concrete  Base. — The  concrete  for  the  pavement  base 
shall  consist  by  volume  of  1  part  cement,  S^i  parts  of 
fine  aggregate  and  6  parts  of  coarse  aggregate  where 
the  fine  and  the  coarse  aggregates  are  used  separately. 
One  sack  of  cement  will  be  considered  as  0.95  cu.  ft. 

The  concrete  for  the  base  shall  be  placed  between  the 
forms,  the  entire  thickness  of  the  concrete  being  placed 
at  one  time.  The  concrete  shall  be  placed  also  in  suc- 
cessive batches  for  the  entire  width  of  the  pavement  and 
in  a  continuous  operation. 

The  base  shall  be  struck  true  to  shape  by  means  of  a 
template  which  shall  be  drawn  along  supported  by  the 
forms.  After  the  base  has  been  placed,  it  shall  be  kept 
wet  for  four  days  and  no  hauling  upon  it  or  rolling  or 


evenness  in  the  finished  pavement,  and  the  contractor 
will  be  required  to  equip  himself  with  proper  imple- 
ments and  to  secure  skilled  men  for  this  part  of  the  work. 

All  bed  placed  upon  the  concrete  base  shall  be  cov- 
ered with  brick  the  same  day,  and  all  bed  placed  in  ex- 
cess of  what  can  be  covered  with  brick  the  same  day 
shall  be  removed  from  the  base,  prior  to  the  close  of  the 
day's  work. 

The  contractor  shall  take  due  precaution  by  the  use 
of  tarpaulins  or  otherwise  to  protect  the  bed  against 
dampness  until  the  brick  have  been  laid  and  rolled. 

Bed  that  becomes  moistened,  prior  to  the  rolling  of 
the  brick  shall  be  removed  and  replaced  with  dry  bed 
by  the  contractor  at  his  expense. 

With  Mortar  Bed. 

Concrete  Base. — The  concrete  for  the  pavement  base 
shall  consist  by  volume  of  1  part  cement,  3^2  parts  of 
fine  aggregate  and  6  parts  of  coarse  aggregate  where  the 
fine  and  the  coarse  aggregates  are  used  separately. 
Where  unscreened  gravel  is  used,  the  concrete  shall  com- 
ply with  the  requirements  of  article  49.  One  sack  of 
cement  will  be  considered  as  0.95  cu.  ft. 

The  concrete  for  the  base  shall  be  placed  between  the 
forms,  the  entire  thickness  of  the  concrete  being  placed 
at  one  time.  The  concrete  shall  be  placed  also  in  suc- 
cessive batches  for  the  entire  width  of  the  pavement 
and  in  a  continuous  operation.  In  placing  the  concrete 
base,  the  workmen  shall  be  guided  by  a  light  wood  tem- 
plate resting  on  the  side  forms,  so  made  as  to  leave  the 
concrete  a  little  in  excess  of  the  depth  required.  The 
upper  surface  of  the  base  shall  be  smooth,  true,  uniform 
and  parallel  with  the  surface  of  the  finished  pavement. 

Mortar  Bed. — Over  the  concrete  base  shall  be  drawn 
a  multiple  steel  template  consisting  of  a  6-in.  I-beam  in 
the  front  and  a  6-in.  channel  in  the  rear,  both  being 
placed  in  a  metal  frame  and  fixed  2  ft.  apart  center  to 
center.  At  each  end  the  metal  template  shall  be  mounted 
on  two  rollers,  at  least  3  ft.  apart,  which  ride  on  the 
side  forms.  The  I-beam  shall  be  3/16  in.  lower  than  the 
charfnel,  and  shall  strike  off  the  concrete  base  practically 
to  a  true  surface.  The  center  space  between  the  I-beam 
and  the  channel  shall  be  kept  filled  with  dry  mortar. 

The   concrete   base   shall    be   covered   with   a   3  16    in. 
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coating  of  this  dry  mortar,  consisting  of  one  part  of 
Portland  cement  to  three  parts  of  sand.  The  channel 
which  constitutes  the  rear  template,  distributes  the  thin 
film  of  dry  mortar  over  the  surface  of  the  concrete  base, 
leaving  the  surface  entirely  smooth. 

This  type  of  multiple  template,  constructed  of  the  I- 
beam,  channels,  rollers,  etc.,  is  an  essential  of  this  type 
of  brick  pavement  construction  and  no  substitute  will 
be  accepted  therefor  unless  approved  in  advance  by  the 
engineer. 


COST    OF    ASPHALTIC    OIL    TREATMENTS    AT 
PORTLAND,  ME. 

The  Department  of  Public  Works  o^  Portland,  Me., 
maintains  a  considerable  mileage  of  the  macadam  sur- 
faces of  the  city  by  asphaltic  oil  treatments.     The  cost 
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count  of  their  hardness  and  smooth  surface  the  resulting 
concrete  mi.xture  does  not  cling  together  as  it  should. 
The  hydrated  lime  counteracts  this  tendency  to  some 
extent. 

No  detrimental  effects  from  the  use  of  the  lime  have 
been  observed.  The  traffic  in  the  alley  is  extremely  small 
— probably  not  averaging  3  teams  per  day — and  this  con- 
sequently sheds  no  light  on  the  durability  of  the  concrete. 
L.  Z.  Curfman  is  City  Engineer  of  Pittsburg,  Kan. 


CONVICT  LABOR  IN  ROAD  WORK  IN  CALIFOR- 
NIA. 

Convict  labor,  according  to  the  California  Highway 
Bulletin,  has  been  used  with  marked  success  in  the  con- 
struction of  mountain  roads  in  California.  The  law 
under   which    this    work    has    been    undertaken    became 


TABLE  I.— COST  DATA  OX  OIL  TRE.VTMENT  OF  MACADAM  IX  1915. 


Street.  £ 

2d 

Beacon,  Lincoln  to  Prospect         1  lo.."i 
Bowdoin,  Xeal  to  W.  Prom.        SiiS.4 

Carleton.  Congress  to  Pine.         S2.". 
Chestnut.        Congress        to 
Cumberland  Ave 551.4 

Congress,  Lowell  to  Park 
Ave GG4.7 

Congress,    Stroudwater 

crossing,  e'ly  2,767..j 

Congress,  Stroudwater 
crossing,    w'ly 1,I9S.1 

Cumberland  Ave.,  High  to 
Freble   ■. 1.27r.6 

Danforth,  High  to  State...      :,7no 
Danforth,       St.       John       to 

Vaughan    777. G 

Deering's  Oaks S.SOO.S 

Eastern  Prom.,  Congress  to 

Morning 1.175.1 

Franklin,   Cumberland  Ave. 

to  Federal nJS.3 

Pine,       Vaughan       to       W. 

Promenade    ROO 

Sheridan.  (Cumberland  Ave. 

to  Monument .'172. G 

State,  Spring  to  Congress..      2,515 

Stevens  Ave.,  Congress  to 
Brighton    3,100 

Vaughan,  Bramhall  to  Car- 
roll         1,600 

Vaughan,  Carroll  to  Dan- 
forth          l,16o.4 

AS'est,  Vaughan  to  W. 
Promenade   800 

Western    Promenade 1,320.6 

W'oodford.  Highland  Sq.   to 

M.   C.    R.    R 1.97G.4 

Totals   ni.OW.O 

*T\vo  coats. 


Ill 

o 
o 

0 

c 
O 

c 
C 
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Road  metal. 

J  2S.10 

$13.50 

$  41.60 
70.77 

1,874 
2,890.6 

$0.0222 
.0244 

.23 
.29 

5 

Wat. '  macadam 
Wat.    macadam 

100.S3 

2.124.75 

.0474 

.38 

Bit.  macadam. . 

52.07 

1.066 

.0488 

♦.51 

Wat.    macadam 

55.00 

2,689.3 

.0204 

.23 

Bit.  macadam. . 

195.90 

5,364 

.0365 

.51 

Wat.    macadam 

94.71 

3.063 

.0309 

.49 

Wat.    macadam 

S3.01 

3D.. 50 

113.51 

5,573.7 

.0203 

.23 

26 

Bit.  concrete.. . 

128.74 

2,857 

.0450 

.59 

Wat.    macadam 

51.03 

16.50 

67.53 
244.25 

124.85 

3,361 
12,434 

6,673 

.0201 

.019G 

.0187 

.23 

.30 

.18 

9 

Bit.  macadam. . 
Gravel  

Bit.  macadam . . 

18,61 

10.2.- 

28.86 

1,432 

.0201 

.24 

5 

Bit.  macadam. . 

10.50 

63.46 

35.33 
204.05 

2,230.4 

1.100 
1,507.5 

.0284 

.0321 
.1353 

.36 

.«4 
•1.73 

4 

Gi-avel   

24.S.T 

Wat.  macadam 
Wat.    macadam 

215.09 

8,186 

.0262 

.38 

W^at.    macadam 

153.06 

6,163 

.0248 

.26 

Bit.  concrete... 

69.03 

45.75 

114.80 

6,081.2 

.0188 

.19 

19 

Bit.  macadam. . 

GG.71 
141.72 

2,451 
9,958 

.0272 
.0142 

.33 
.19 

Gravel  

Wat.    macadam 

116.41 

42.50 

15S.91 

6,396 

.0248 

.30 

20 

Wat.    macadam 

$2,171.77 

93.477.45 

* 

Remarks. 


Texas  Co.  Liq.  Asphalt.  63%. 
SG6.4   gal.    Soconv   Liq.   Asphalt,   No.   1. 
300  gal.   Texas  Co.   Liq.   .\sphalt.  80%. 
Te.xas  Co.  Liq.  .Vsphalt.  80%. 

276.4  gal.  Soconv  Liq.  Asphalt,  No.  1. 
275   gal.   Texas  Co.    Liq.  .\sphalt.   80%. 

Socony  Liq.   .\si)halt.  No.  1. 

850.5  gal.  Texas  Co.  Liq.  ..\sphalt.  65%. 
1917  gal.  Socony  Road  Oil.  No.  G. 

Te.xas  Co.  Liq.  Asphalt.  65%. 

777.6  gal.  Texas  Co.  Liq.  Asphalt,  65%. 
500  gal.  Texas  Co.  Liq.  .\sphalt.  80%. 
Texas  Co.  Liq.  Asphalt,  80%. 

Texas  Co,  Liq.  Asphalt.  65%. 
Socony  Liq.  Asphalt,  Xo.  1. 

Socony  Liq.  Asphalt,  Xo.  1. 

Texas  Co.  Liq.  Asphalt,  65%, 

Texas  Co.  Liq.  Asphalt,  80%. 

Texas  Co.  Liq.  Asphalt.  65%. 

1.215  gal.  Texas  Co.  Liq.  .\sphalt,  80%. 

1,400  gal.  Socony  Road  Oil,  Xo.  6. 

Socony  Roal  Oil.  Xo.  6. 

Texas  Co.  Liq.  Asphalt.  80%. 

Texas  Co.  Liq.  Asphalt,  65%. 

Texas  Co.  Liq.  Asphalt,  80%. 
Socony  Liq.  Asphalt,  X'o.  1. 

Texas  Co.  Liq.  Asphalt,  65%. 


of  the  work  in  1915,  according  to  the  recently  issued  re- 
port of  Bion  Bradbury,  Jr.,  Commissioner  of  Public 
Works,  is  given  in  Table  L 


HYDRATED  LIME  IN  CONCRETE 
CONSTRUCTION. 


PAVEMENT 


Hydrated  lime  was  used  in  mixing  the  concrete  for  an 
alley  pavement  laid  last  year  at  Pittsburg,  Kan.  The 
paving  covered  one  block  of  alley,  16  ft.  Vv'ide,  and 
amounted  to  538  sq.  yd.  The  pavement  was  of  the  single 
course  type  and  had  a  uniform  thickness  of  6  in. 

The  proportions  were  1  part  Portland  cement,  I'lO- 
part  (by  volume)  of  hydrated  lime,  2  parts  river  !:and  and 
4  parts  Joplin  chats  (mine  tailings),  two-thirds  of  which 
would  pass  a  U-in.  screen.  The  pavement  cost  &9  ct.  per 
square  yard,  not  including  the  grading.  This  cost  is 
based  on  the  following  prices:  Cement,  $1.20  per  bbl.; 
Joplin  chats,  $1  per  cu.  yd.;  sand,  $1.50  per  cu.  yd.,  and 
common  labor,  $2  per  8-hour  day. 

The  objects  hoped  to  be  gained  by  the  addition  of  the 
lime  were  the  following :  To  make  the  mi.xture  more  plas- 
tic and  more  easily  worked  into  place;  to  make  the  result- 
ing concrete  denser.     The  Joplin  chats  are  flint  and  on  ac- 


effective  last  August.  In  September  the  first  camp  of  30 
men  was  established  in  northern  Mendocino  County. 
The  scope  of  the  work  was  gradually  enlarged,  and  two 
camps  with  125  men  were  carried  through  the  winter, 
working  every  day  but  Sunday  through  a  rain  and  snow 
fall  of  70  in. 

The  State  Highway  Commission  has  had  charge  of  the 
laying  out  and  direction  of  the  work,  and  also  the  pro- 
viding of  camps,  commissary,  etc.  The  discipline  of  the 
men  has  been  in  the  hands  of  the  Board  of  Prison  Direc- 
tors, represented  by  three  unarmed  men  in  each  camp — 
one  acting  as  captain  "of  the  camp,  the  others  as  sub- 
foremen  of  the  work. 

Through  the  winter  8  miles  of  difficult  canyon  road  was 
built  at  a  cost  25  per  cent  less  than  the  estimate,  and  a 
little  more  than  half  what  similar  work  has  cost  on  con- 
tract in  the  same  locality.  The  success  of  the  work  in 
Mendocino  led  to  the  placing  of  a  crew  from  the  Folsom 
prison  on  a  section  of  the  Placerville  road,  near  Shingle 
Springs.  It  is  stated  that  this  expedient  will  give  the 
equivalent  of  §18,000  in  work  for  an  expenditure  of  |5,000. 
The  Commission  will  make  a  further  extension  of  the 
scheme  by  placing  convict  camps  on  four  of  the  Sierra 
lateral  roads  for  construction  this  summer. 
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METHODS  AND  COST  OF  OILING  EARTH  ROADS 
IN  ILLINOIS. 

The  oiling  of  earth  roads  has  been  practiced  on  a 
small  scale  in  a  number  of  states  for  the  past  15  years. 
California  has  done  more  of  this  work  than  any  other 
state,  primarily  on  account  of  its  natural  resources  and 
climatic  conditions.  It  has  successfully  maintained  many 
of  its  roads  by  this  method,  largely  on  account  of  the 
high-grade  oil  that  is  available  at  a  very  low  cost,  and 
also  on  account  of  the  sandy  condition  of  the  soil  and 
the  prevailing  light  winters.  In  Illinois  the  practice  of 
oiling  of  earth  roads  is  comparatively  new,  yet  enough 
of  this  work  has  been  done  to  show  that  it  is  a  justifiable 
e.xpense  on  a  great  many  earth  roads.  As  a  result  a 
large  amount  of  this  work  is  now  being  done,  and  a  con- 
siderable mileage  of  oiled  earth  road  also  is  being  con- 
structed. It  is  probable  that  Illinois  is  now  doing  more 
work  of  this  kind  than  any  other  state.  The  following 
description  of  the  oiling  methods  in  Illinois  is  taken 
from  a  bulletin  prepared  by  B.  H.  Pepmeier,  Maintenance 
Engineer,  Illinois  State  Highway  Department,  from  a 
paper  by  Mr.  Piepmeir  presented  before  the  State  Farm- 
ers' Institute,  and  from  the  Standard  State  Specifications: 

Selection  of  Roads  for  Oiling. — Roads  should  not  be 
oiled  until  they  have  a  permanently  established  grade. 
Low,    flat,    undrained    roads    should   not    be    oiled    until 
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come  a  nuisance.  The  surface  should  be  perfectly  smooth 
and  free  from  low  places  that  will  retain  water.  If  water 
is  allowed  to  stand  upon  an  oiled  earth  surface,  a  bad 
mud  hole  will  soon  result.  A  moist  subsoil  preparatory 
to  oiling  is  not  serious,  though  best  results  may  be  ex- 
pected when  the  road  is  reasonably  dry  for  about  2  in. 
on  the  surface. 

Applying  Oil. — After  the  road  has  been  prepared,  the 
oil  should  be  applied  at  the  rate  of  ^4  to  ',2  gal.  per  square 
yard  of  surface.  If  the  road  has  never  been  oiled,  or 
if  more  than  a  season  has  elapsed  since  a  previous  oil- 
ing, it  will  be  found  that  about  V3  gal.  per  square  yard 
will  be  required.  If  the  road  or  street  has  been  oiled 
regularly  1/4  to  Vs  gal.  per  square  yard  will  usually  be 
satisfactory.  It  is  much  better  to  apply  a  small  amount 
of  oil  twice  each  season  rather  than  to  put  on  the  full 
quantity  in  one  application.  When  too  much  oil  is  ap- 
plied, it  is  not  only  wasted,  but  is  often  very  disagree- 
able  to   traffic. 

After  a  road  has  been  oiled  for  several  years,  one  light 
application  each  year  may  be  sufficient,  or  at  least  equal 
in  results  to  two  applications  per  year  on  a  new  oiled 
road. 

The  time  for  oiling  will  necessarily  vary  considerable, 
depending  upon  the  season.  Favorable  times  for  apply- 
ing the  oil  will  be  about  April  and  September. 

The  uniform  distribution  of  the  material  is  one  of  the 


Left-hand    view:      Oiled    earth    road    in    Pigeon    Grove    Township,  Iroquois  County;   picture   taken   Nov.   2.   1915,   about  6  weeks  atier  oil 
was   applied.     Kight-liand   view:      Oiled   earth   road   in   Fountain  Arch  Township;  picture  taken  Nov.  2,  1915,  3  weeks  after  oil  was  applied. 


proper  drainage  has  been  attended  to.  Roads  that  have 
a  preponderance  of  heavy  hauling  should  not  be  selected 
for  oiling.  The  oiling  tends  to  waterproof  the  road,  but 
it  is  readily  understood  that  continued  heavy  hauling 
even  on  perfectly  dry  earth  roads  eventually  will  rut  and 
dig  them  out  in  pot  holes.  The  mj.xture  of  oil  and  earth 
lacks  stability  to  meet  all  the  requirements.  On  mod- 
erately traveled  roads  where  there  is  a  greater  amount  of 
pleasure  travel  the  oiled  earth  roads  will  give  better 
service. 

Perfection  of  Earth  Road. — The  mistake  is  often  made 
of  attempting  to  improve  a  road  without  first  grading 
and  draining  it.  When  a  road  is  graded  for  oiling,  grav- 
eling, or  any  other  form  of  surfacing,  a  permanent  grade 
line  should  be  established.  The  great  advantage  of  es- 
tablishing a  permanent  grade  and  cross-section  before 
the  road  is  oiled  is  to  utilize  the  oil-soaked  crust  of  earth 
as  a  foundation  for  later  improvements,  such  as  gravel, 
stone,  brick  or  other  hard  road  surfaces.  If  oil,  gravel, 
or  other  surfacing  material  is  applied  to  an  improperly 
graded  road,  a  very  large  portion  of  the  material  will 
be  disturbed  and  practically  wasted  when  later  improve- 
ments are  demanded. 

The  Road  Surface  Preparatory  to  Oiling. — As  the  prime 
objects  of  oiling  an  earth  road  are  the  suppression  of 
the  dust  and  the  maintaining  of  a  smooth  waterproof 
surface,  it  is  very  important  that  the  road  surface  be 
oiled  when  it  is  smooth,  free  from  dust,  and  in  a  condi- 
tion to  absorb  the  oil. 

Oil  applied  on  dust  will  not  penetrate  the  road  sur- 
face, but  will  merely  mix  with  the  loose  material  to  make 
an   oiled-dust  surface  that  is  apt  to  fly  readily  and  be- 


essential  requirements  for  success.  An  ordinary  street 
sprinkler  or  a  home-made  device  attached  to  a  thresher 
tank  wagon  or  similar  tank  may  be  utilized  for  distribut- 
ing the  oil.  An  expert  using  such  equipment  can  ordi- 
narily get  the  required  amount  of  'oil  on  the  road  rather 
uniformly.  Much  better  results,  however,  can  be  se- 
cured by  the  use  of  some  specially  designed  apparatus 
made  for  the  purpose,  such  as  pressure  distributor  tank 
wagons. 

There  are  a  number  of  specially  designed  pressure  dis- 
tributing wagons  on  the  market  that  vary  in  price  from 
$400  to  $6,000.  The  horse-drawn  distributors  have  a 
capacity  of  from  450  to  600  gal.  and  can  be  purchased 
at  from  $400  to  $600.  Such  distributors  are  usually 
equipped  with  some  form  of  heating  device  so  that  hot 
oil  may  be  applied  when  required. 

Some  of  the  auto  distributors  hold  1,000  gal.  and  are 
equipped  with  oil  heaters  for  heating  the  oil  quickly; 
also,  special  oil  pumps  for  filling  the  distributor  and  for 
spraying  the  oil  upon  the  road  in  the  desired  quantities. 
Such  trucks  cost  from  $5,000  to  $6,000  complete. 

Shipping  and  Handling  Oil.  —  Road  oil  is  usually 
shipped  in  8,000  or  10,000-gal.  tank  cars.  Some  com- 
panies are  able  to  furnish  4,000  and  6,000-gal.  tank  cars, 
but  such  cars  are  very  few  and  usually  hard  to  get.  The 
railroad  tank  cars  are  equipped. with  steam  heating  coils 
so  the  material  may  be  heated  in  the  tank  by  attaching  a 
steam  pipe  or  hose.  Small  quantities  of  oil  may  be  pur- 
chased in  molasses  barrels,  but  when  delivered  in  bar- 
rels there  will  be  an  additional  cost  of  2  to  3  ct.  per  gal- 
lon. The  tight  barrels  will  ordinarily  hold  about  50  gal. 
If  the   barrels  are  handled  with  care  they  can   be  sold 
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at  50  to  65  ct.  each  when  empty.  Heavy  oil  shipped  in 
this  manner  is  usually  very  difficult  to  remove  from  the 
barrels.  In  such  cases  the  barrels  are  dumped  into  an 
open  heating  kettle  and  broken.  After  the  oil  is  warm 
the  staves  and  hoops  may  be  removed  by  a  large  hoe  or 
rake  and  used  as  kindling.  The  hot  oil  can  be  pumped 
from  the  heating  kettles  to  the  distributor  and,  while 
still  hot,  applied  on  the  road. 

Where  there  is  no  heating  kettle  on  the  job  juid  there 
are  but  a  few  barrels  of  heavy  oil  to  apply,  they  may  be 
emptied  direct  into  the  distributing  wagon  by  first  plac- 
ing the  barrels  in  a  very  warm  room  or  close  to  a  fire 
for  several  hours. 

When  there  is  but  a  small  quantity  of  oil  desired,  say 

,".,000  or  4,000  gal.,  it  is  usually  cheaper  and  much  more 

economically  handled  if  shipped  in  large  tank  car.  Freight 

will  have  to  be  paid  on  a  full  tank  car  of  8,000  or  10,- 

000  gal.,  but  this  will  ordinarily  be  compensated  for  by 


\i 


A  3-in.  or  4-in.  lift  pump  may  be  used  to  an  advantage 
in  pumping  oils.  Such  pumps  are  set  in  the  tank  car 
at  the  top  and  one  man  will  readily  pump  a  600-gal.  tank 
in  20  minutes.  This  kind  of  pump  can  be  purchased  for 
$20  to  $25.  It  has  many  advantages  as  there  is  no  me- 
chanical power  needed  nor  any  pipe  or  hose  connections. 

After  the  pump  is  connected  at  the  bottom  of  the  tank 
car  and  everything  is  ready  to  receive  the  oil,  the  cap 
on  the  dome  of  the  car  should  be  unscrewed  and  the  dis- 
charge valve  opened  from  the  inside.  This  valve  has  a 
stem  projecting  up  to  the  dome.  It  is  well  to  have  a 
cut-off  valve  in  the  hose  or  pipe  connection  at  the  bot- 
tom so  the  tank  car  valve  may  be  left  open  during  the 
day  that  oil  is  being  used. 

If  there  is  an  elevated  siding  or  switch  8  or  10  ft.  high 
at  the  station,  the  tank  can  be  spotted  thereon  and  the 
oil  allowed  to  flow  by  gravity  into  the  distributing  wagon 
from  the  tap  in  the  bottom  of  the  tank  car. 


Upper  left-hand  view:  Unloading  hot  oil  from  railroad  tank  car  into  distributor  by  means  of  rotary  pump  attached  to  tap  in  bottom  of  car; 
tank  car  heated  with  steam  from  adjacent  ice  plant.  Upper  right-hand  view:  800-gal.  auto  pressure  oil  distributor  for  applying  cold  oil. 
Liower  left-hand  view:  Pressure  distributor  for  applying  hot  or  cold  oil,  owned  by  State  Highway  Department;  heat  supplied  by  coal  fur- 
nace under  tank.  Lower  right-hand  view:  Applying  heavy  asphaltic  material  at  rate  of  Vi  gal.  per  sq.  yd.  •>(  .surface;  material  is  heated  b.v 
kerosene  fcurneis  beneath  the  tanlc. 


the  saving  in  barrels  and  in  the  economy  effected  in 
handling  the  oil  on  the  job. 

Pumping  Oil. — There  are  a  number  of  special  oil 
pumps  on  the  market  that  can  be  purchased  at  from  $15 
to  $30  that  will  readily  pump  hot  or  cold  oil.  The  rotary 
pump  is  the  one  most  commonly  used.  It  may  be  driven 
by  a  gasoline  engine  or  a  steam  engine,  in  case  the  lat- 
ter is  needed  at  the  tank  car  for  supplying  steam  heat. 
A  l^o-in.  or  2-in.  rotary  pump  will  fill  a  600-gal.  dis- 
tributor in  from  10  to  15  minutes. 

The  ordinary  water  tank  pump  may  be  used  for  pump- 
ing cold  oil.  A  2-in.  suction  tank  pump  will  fill  a  600- 
gal.  tank  in  30  to  40  minutes.  Such  pumps  cannot  be 
used  for  hot  oil,  as  it  will  soon  burn  out  the  valves. 

All  of  the  above  named  pumps  work  best  attached  to 
the  bottom  of  the  railroad  tank  car  by  means  of  a  hose 
or  pipe.  However,  it  is  well  to  eliminate  hose  connec- 
tions as  much  as  possible,  as  some  oils  and  tars  eat  them 
out  verj"  rapidly. 


Heating  Oil — Where  oil  must  be  heated  before  being 
applied,  it  is  often  convenient  to  spot  the  car  on  a  spur 
near  some  steam  plant,  such  as  a  mill,  creamery,  or  elec- 
tric light  plant.  Where  such  arrangements  can  be  made, 
a  -^4 -in.  or  1-in.  steam  pipe  line  may  be  connected  from 
the  plant  to  the  tank  car.  If  no  steam  plant  is  accessible, 
an  ordinary  steam  tractor  or  roller  can  be  connected 
with  the  tank  car.  Where  a  steam  connection  is  made 
for  supplying  the  heat,  from  12  to  24  hours  are  required 
to  bring  the  oil  up  to  150°  to  175°  F.,  which  is  about  the 
maximum  temperature  that  can  be  reached  with  the  steam 
heat.  This  temperature  will  permit  the  oil  to  be  pumped 
readily.  Its  temperature  may  then  be  increased  the  de- 
sired amount  in  the  distributor. 

The  steam  connection  with  the  tank  car  is  made  at 
one  of  the  2-in.  pipes  that  project  beneath  the  tank,  the 
other  2-in.  pipe  that  projects  should  be  supplied  with  a 
valve  so  the  amount  of  steam  passing  through  the  coils 
may  be  regulated. 
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It  is  advisable  to  have  a  thermometer  on  the  job  so 
that  the  temperature  of  the  hot  oil  may  be  tested  from 
time  to  time. 

Some  road  oils  have  a  very  low  flash  point  and  extreme 
care  should  be  taken  to  prevent  any  oil  from  coming 
into  contact  with  a  flame.  An  analysis  of  an  oil  always 
shows  the  flash  point,  so  it  is  well  to  keep  the  tempera- 
ture somewhat  lower  to  prevent  burning  and  to  be  on  the 
safe  side. 

The  presence  of  a  slight  amount  of  water  in  heating 
oil  will  cause  the  oil  to  foam  and  give  a  great  deal  of 
trouble.  Where  the  oil  tends  to  foam,  it  should  be  heated 
very  slowly.  In  such  cases  every  precaution  should  be 
taken  to  prevent  accidents. 

Sanding  Oil  Surfaces. — Better  results  can  be  secured 
from  sanding  the  road  slightly  after  either  hot  or  cold 
oil  has  been  applied.  Clean,  hard  sand  is  much  better 
on  a  road  surface  than  dust  or  the  sweeping  from  the 
road.  A  hot  oil  application  should  be  followed  with  a 
light  dressing  of  sand,  or  the  trafllc  will  likely  pick  up 
the  oil  and  make  the  surface  of  the  road  very  uneven. 
Sand  may  be  applied  at  the  rate  of  1  cu.  yd.  to  each  100 
to  150  sq.  yd.  of  road  surface.  It  may  be  applied  by 
shovels  from  a  wagon  or  from  a  special  apparatus  for 
distributing  the  sand. 

The  application  of  sand  gives  an  oiled  earth  surface 
more  stability.  The  sand  retains  the  oil,  assists  in  pre- 
venting wear,  and  aids  in  keeping  down  the  dust.  The 
light  application  of  sand  is  a  justifiable  expense  on  a 
majority  of  oiled  earth  roads. 

Oiling  Sandy  Roads. — There  are  many  sections  of  roads 
in  Illinois  that  are  very  sandy  and  will  have  to  be  han- 
dled differently  than  the  ordinary  earth  road.  Where  it 
is  possible  to  mix  clay  or  loam  with  the  top  4  or  5  in. 
of  sand  before  oiling,  much  better  results  may  be  ex- 
pected. A  suitable  clay  or  loam  can  usually  be  secured 
at  a  reasonable  distance  from  the  sandy  section.  Where 
possible,  the  sand  and  clay  should  be  thoroughly  mixed 
and  allowed  to  compact  under  traffic  before  the  oil  is 
applied.  The  sand-clay  road  will  permit  a  slightly 
heavier  oil  than  the  ordinary  earth  road. 

If  there  is  no  clay  or  loam  within  reasonable  distance 
of  the  sand  road,  it  may  be  materially  improved  by  mix- 
ing a  heavy  oil  (70  to  90  per  cent  asphaltic  product) 
with  4  or  5  in.  of  the  top  layer  of  sand.  This  can  best 
be  done  by  applying  about  %  gal.  of  oil  and  then  cover- 
ing it  with  about  1  in.  of  the  sandy  soil  from  the  road 
*ide,  then  applying  about  ^  2  gal.  of  oil  and  another  layer 
of  sand.  By  building  up  successive  layers  of  oil  and 
sand,  it  is  possible  to  get  from  1^2  to  2  gal.  of  oil  per 
square  yard  of  surface.  This  amount  of  oil  mixed  with 
4  or  5  in.  of  the  sandy  soil  will  form  a  solid  oil  and  sand 
crust  that  will  hold  up  light  traffic.  The  cost  of  such  ap- 
plications will  vary  from  $800  to  $1,500  per  mile  of  road 
15  ft.  wide. 

The  cost  of  applying  a  4  or  5-in.  layer  of  clay  or  loam 
that  may  be  secured  within  one  mile  of  the  road,  and 
mixing  it  with  the  sand,  will  be  about  the  same.  It  is 
generally  recognized  that  the  mixture  of  sand  and  clay 
is  more  serviceable  than  the  mixture  of  oil  and  sand. 

The  Cost  of  Surface  Oiling. — It  is  very  difficult  to  re- 
port any  definite  cost  data  on  this  work  because  every 
job  varies  considerably  due  to  local  conditions.  The  State 
Highway  Department  has  superintended  the  letting  of 
contracts  for  oiling  earth  roads  at  a  cost  of  6  to  8  ct.  per 
gallon,  including  all  work.  On  state  aid  earth  road  oil- 
ing, prices  have  varied  from  $450  to  $600  per  mile,  which 
includes  the  oiling  of  a  width  of  15  ft.,  y2-gal.  treatment 
in  two  applications.  In  general  the  cost  of  preparing  a 
public  road  for  an  oil  treatment  may  vary  from  $100  to 
$2,000  per  mile.  However,  the  grading  and  preparation 
of  an  earth  road  should  not  be  charged  against  the  cost 
of  oiling.  The  oiling  or  dragging  of  an  earth  road  is  a 
maintenance  proposition  and  should  be  estimated  sep- 
arately from  the  building  or  preparing  of  the  road.  The 
road  should  be  kept  well  shaped  regardless  of  whether  it 
is  to  be  oiled  or  not.  However,  some  cleaning  is  almost 
always  necessary  prior  to  the  first  application   of  oil. 


ENGINEERING 
AND      CONTRACTING 

and  this  cost  will  vary  from  $25  to  $50  per  mile  of  road. 

Road  oil  can  be  purchased  for  from  3  to  7  ct.  per  gal- 
lon, depending  upon  the  quality.  It  may  be  applied  on 
the  surface  of  the  road  at  the  rate  of  Yi  to  V'2  gal.  per 
square  yard.  So  the  cost  of  oil  alone  may  vary  from 
$75  to  $275  per  mile  of  road  15  ft.  wide,  depending  upon 
the  quality  and  quantity  of  oil  applied. 

The  cost  of  applying  the  oil  will  vary,  depending  upon 
the  length  of  haul  and  the  kind  of  equipment  used.  This 
cost  may  be  estimated  at  from  $50  to  $150  per  mile  of 
road  15  ft.  wide. 

The  above  figures  show  the  cost  of  oiling  to  vary  from 
$150  to  $475  per  mile  of  road.  With  average  conditions 
and  with  a  medium  priced  oil,  the  average  cost  of  oiling 
alone  per  application  may  be  from  $200  to  $250  per  mile 
of  road  15  ft.  wide.  These  costs  are  based  on  the  con- 
ditions prevailing  during  the  season  of  1915.  The  above 
figures  are  only  an  approximate  estimate,  and  are  based 
on  the  best  information  available  in  this  and  other  sim- 
ilar states. 

Some  experiments  have  been  made  along  the  line  of 
thoroughly  saturating  the  top  6  in.  of  earth  ond  then 
compacting  it  with  a  petrolithic  roller.  The  saturating 
of  the  earth  with  the  first  application  of  2y2  to  3  gal.  of 
oil  was  intended  to  resemble  somewhat  the  continual 
oiling  of  the  surface  over  a  period  of  four  or  five  years. 
The  experiments  referred  to  were  made  in  1908  and  1909 
on  three  different  sections  of  road  of  1^2  to  •'?4  mile  in 
length.  Two  of  the  sections  were  considered  failures  and 
were  within  three  years  covered  with  a  more  desirable 
wearing  surface.  The  third  section  still  remains;  how- 
ever, it  shows  very  few  signs  of  having  such  a  treat- 
ment. This  section  seems  to  rut  in  the  winter  and  spring 
almost  as  badly  as  the  other  portion  of  the  road;  in  mid- 
summer the  surface  of  the  road  pulverizes  and  forms  a 
dust  that  flies  almost  the  same  as  dust  from  other  por- 
tions of  the  road. 

In  view  of  all  the  information  that  is  available  on 
oiled  earth  roads,  indications  are  that  the  treatments 
must  be  made  each  year  or  at  least  every  other  year  to 
get  the  desired  results.  On  this  basis,  $150  to  $200  per 
year  for  five  or  ten  years  may  be  a  basis  for  estimating 
the  cost  of  surface  oiling. 

Quality  of  Oil. — On  practically  all  work  that  has  been 
done  in  the  past,  a  light  oil  with  a  paraffin  or  semi-as- 
phaltic  base  has  been  used.  There  is  very  little  informa- 
tion available  on  the  use  of  the  higher  grades  of  asphaltic 
oil  on  earth  roads.  It  is  predicted  by  our  best  authori- 
ties that  the  use  of  the  higher  grade  asphaltic  oils  will 
prove  to  be  more  satisfactory  and  more  economical  in  the 
end  than  the  use  of  inferior  products. 

It  seems  to  be  the  unanimous  opinion  of  all  extensive 
users  of  road  oils  that  the  semi-asphaltic  products  are 
far  superior  to  the  paraffin  oils.  The  best  products  are 
secured  only  by  purchasing  the  material  under  carefully 
drawn  specifications  and  using  the  same  under  the  ap- 
proval of  a  competent  chemist. 

The  amount  of  asphalt  or  residue  that  a  product  may 
contain  does  not  classify  it  as  a  suitable  material  for  the 
road  under  consideration.  For  instance,  a  thick,  heavy 
material  with  40  per  cent  asphalt  or  residue  will  not  give 
the  same  results  as  a  light,  thin  product  of  the  same  as- 
phaltic content. 

The  purpose  of  oiling  an  earth  road  is  the  suppression 
of  dust  and  the  waterproofing  of  the  surface.  It  is  evi- 
dent, therefore,  that  the  best  results  may  be  secured 
during  the  first  application  by  applying  either  a  cold 
oil  or  at  least  a  very  thin  product  that  will  penetrate 
the  surface  of  the  road  several  inches  and  at  the  same 
time  contain  as  many  binding  elements  as  possible  so  as 
to  seal  all  pores  in  the  earth,  making  it  waterproof  and 
at  the  same  time  adding  some  binding  qualities  that  may 
assist  the  bond  of  the  soil  itself.  A  suitable  product,  as 
is  commonly  expressed,  may  vary  from  30  to  60  per  cent 
in  asphalt.  After  the  surface  of  the  road  has  been  thor- 
oughly saturated,  a  hot  oil  or  a  slightly  heavier  product 
may  be  used. 

If  the  heavier  oils  are  used  for  the  first  application  they 
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will  not  readily  penetrate  the  surface  of  the  road  and 
will  consequently  form  a  mat  on  top.  The  forming  of 
the  mat  before  the  surface  of  the  road,  is  more  or  less 
waterproof  may  be  a  serious  fault  as  moistui-e  will  ac- 
cumulate beneath  the  mat  and  the  road  will  be  much 
slower  in  drying  out  than  it  would  had  the  oil  not  been 
applied.  The  mat  surface  with  a  soft  subsoil  will  rut 
more  readily,  besides  breaking  and  scaling  off  in  large 
pieces,  making  the  road  surface  rough  and  undesirable. 
The  paraffin  oils  are  ordinarily  thin  and  light,  yet  they 
do  not  contain  suflicient  binding  elements  to  seal  ami  hold 
the  surface  of  a  road.  Such  oils  after  being  in  use  a 
short  while  apparently  have  very  little  value,  as  they  per- 
mit the  surface  of  the  road  to  grind  up  into  a  light  oil- 
mi.xed  powder,  which  makes  a  slick,  slimy  mud  when  wet, 
and  which,  when  dry,  flies  almost  as  readily  as  the  ordi- 
nary dust. 

Illinois  Specifications  for  Oiling  Earth  Roads. 

The  specifications  of  the  Illinois  State  Highway  De- 
partment for  surface  oiling  earth  roads,  and  for  the  oils, 
are  as  follows: 

Surface  Oiling  Earth  Roads. 

i'iep:ii:iUiin  of  Karth  Road  Surface. — The  earth  road  .surface  .shall 
lie  smooth,  free  from  sod.  vesetation,  loose  material  or  other  foreign 
matter  .and  sh.-iU  conform  to  the  cross  section  shown  on  the  plans. 
It  shall  be  compacted  with  a  tractor  or  a  power  roller  that  weighs 
.at  least  SOO  lb.  p?r  inch  of  width  of  tread  of  one  wheel;  and  the 
compacted  surface  shall  be  smooth  and  free  from  waves.  The  sur- 
face shall  also  be  free  from  dust  and  sufficiently  dry  to  prevent  the 
wheels  of  the  oil  distributor  from   sticking  or  marring  the   surface. 

If  the  surface  of  the  road  is  rutted  in  any  manner  or  is  dug  out 
into  holes  or  depressions  that  would  retain  water,  it  shall  be  made 
perffctly  smooth  by  dragging  at  suitable  times  prior  to  the  applica- 
tion of  the  oil. 

.\pplic«tion  of  Oil.— Oil  shall  not  be  applied  upon  the  road  until 
after  the  surface  has  been  approved  by  the  engineer.  The  oil  shall 
be  distributed  uniformly  over  the  width  of  road  specified.  It  shall 
he  applied  by  a  prtssure  distributor  under  not  less  than  15  Ih. 
pressure  per  square  inch.  The  distributor  shall  be  regulated  so  that 
the  width  to  be  oiled  shall  be  covered  by  one,  two  or  more  equal 
strips  without  overlapping.  Extreme  care  shall  be  taken  to  get  the 
oil  uniformly  distributed.  All  places  not  covered  by  the  first  ap- 
plication of  oil  shall  be  covered  b.\-  hand-po'iring  cai:s  which  shall 
follow   immediately   behind   the  distributor. 

The  oil  shall  be  applied  in  at  least  two  applications.  The  total 
quantity  of  oils  used  shall  be  not  less  than  \i>  gal.  per  square  yard 
of  surface  specified  to  be  oiled.  Whether  applied  in  two  applica- 
tions or  more,  the  amount  of  oil  for  each  application  shall  be  the 
same,  and  there  shall  be  a  period  of  at  least  six  hours  intervene 
between  successive  applications  or  such  additional  time  as  is  neces- 
sary for  the  oil  to  be  absorbed  and  offer  no  tendency  to  stick  to 
the  wheels.  From  the  time  of  the  first  application  of  oil  until  three 
days  after  the  last  application,  the  road  shall  be  kept  closed  to  all 
public  travel.  Oil  applied  on  days  ha\'ing  an  air  temperature  of  less 
than  7o  degrees  F..  and  oil  that  is  too  heavy  to  penetrate  readily 
into  the  surface  of  the  road,  shall  be  heated  to  the  temperature  pre- 
scribed   b.v    the   engineer  before   applying  same. 

Sampling  Oil. — A  one-quart  sample  of  the  oil  will  be  taken  by 
the  engineer  from  each  car  immediately  upon  the  arrival  of  same  at 
destination.  The  sample  will  be  securely  labeled,  bearing  the  con- 
tractor's name  and  address  and  also  the  County,  Uoute  and  Section 
of  the  road.  .\ttached  to  the  package  there  shall  be  a  stamped 
and  addressed  letter  giving  the  name  of  the  contractor  and  also 
his  postofflce  and  telegraph  address,  in  addition  to  the  trade  name  of 
the  product  and  the  company  selling  same.  The  package  shall  be 
addressed  to  the  State  Highway  Department.  Testing  Laboratory.  S20 
.East  Adams  Street.  Springfield,  Illinois.  As  soon  as  possible  after 
the  receipt  of  sample  at  laboratory,  the  material  will  be  tested 
and  reported. 

Testing  Oil. — Xo  oil  shall  be  used  until  after  having  been  tested 
and  approved  by  the  engineer. 

SPECIFIC.VTIOXS— "A."     OIL.    FOR     SURFACE     TREATMENT     OF 
B:AUTII    roads    (COLD   APFLIC.\TI0X). 

1.  The  oil  !^hall  be  a  fluid  product,  free  from  water. 

2.  Specific  Cravity.  Its  specific  gravity  at  25"  C.  (71°  F.)  shail  not 
be  less   than   O.SIO    (23.8°    B.). 

.■?.  Total  Bitumen.  U  shall  be  soluble  in  chemically  pure  cold 
carbon   disulj'hide  to   the  extent  of  at  least  99.5  per  cent. 

4.  Xaphtha  Insoluble  Bitinnen.  Of  the  total  bitumen  not  less 
than  5.0  per  cent  by  weight  shall  be  insoluble  in  Sti*  B.  paraffin  naphtha 
at  air  temperature. 

Fixed  Carbon.     The  fixed  carbon  shall  not  be  less  than  4  0  per  cent. 

C.  Viscosity.  When  240  c.c.  of  the  oil  is  heated  in  an  Engler 
Viscosimeter  to  50°  C.  (122°  F.)  and  maintained  at  this  temperature 
for  D  minutes,  the  first  50  c.c.  which  fiows  through  the  aperture 
shall  show  a  specific  viscosity  of  not  less  than  5.0  nor  more  than  20.0. 

".  Loss  on  Evaporation.  When  20  grams  of  the  oil  (in  a  tin  dish 
2i4  in.  in  diameter  and  %  in.  deep,  with  vertical  sides)  is  maintained 
-at  a  temperature  of  163°  C.  (325°  F.)  for  5  hours  in  a  X.  Y.  Testing 
Laboratory-  oven,   the  loss  shall  not  exceed  25  per  cent  by  weight. 


115 


Sl'KCU  IC.VTIONS— -B."     LUJIIT  ulL  FOR  SURF.VCE  TREATMENT 
OF    rO.VRTH     ROADS    (COLD    APPLICATION). 

1.  The  oil  shall  bo  a  Iluld  product,  free  from  water. 

2.  .Specific  Gravity.  Its  specific  gravity  at  25°  C.  (77°  F.)  shall  not 
be  less  than  0.S90  (2S..'{°  B.). 

:l.  Total  Bitumen.  It  shall  be  soluble  in  chemically  pure  cold 
carbon  dl.sulphide  to  the  extent  of  at  least  D9.5  per  cent. 

■1.  viscosity.  When  240  c.c.  of  the  oil  is  heated  in  an  Engler 
Viscosimeter  to  50°  C.  (122°  F.)  and  maintained  at  this  temperature 
for  5  mimites.  the  first  50  c.c.  which  fiows  through  the  aperture  shall 
show  a  specific  viscosity  of  not  less  th.an  5.0  nor  more  than  20.0. 

5.  Residue  on  Evaporation.  When  30  grams  of  the  oil  (in  a  tin 
lilsh  2 '.A  Iti.  In  diameter  and  •>!  in.  deep  with  vertical  sides)  Is  evapo- 
rated until  a  residue  of  a  penetration  at  25°  C.  (77°  F.)  of  10  milli- 
meter.s  Is  obtained  (when  tested  with  Dow  machine,  Xo.  2  needle. 
liiij  grams,  5  seconds),  the  weight  of  the  residue  shall  be  at  least 
M)  per  cent  of  the  weight  of  the  oil  taken  for  evaporation.  At  no 
lime  during  this  evaporation  shall  the  oil  be  heated  at  a  tempera- 
lure  to  exceed  250^  C.   (482°   F.). 


ROAD    FUNDS    FROM    MOTOR    CAR    REGISTRA- 
TIONS. 

Over  $10,000,000  was  obtained  for  road  work  in  1915 
from  revenues  derived  by  the  state  governments  for  regis- 
tration of  motor  cars,  including  commercial  vehicles.  Ac- 
cording to  a  recently  issued  circular  prepared  by  the 
Division  of  Road  Economics  of  the  U.  S.  Office  of  Pub- 
lic Roads,  during  the  past  10  years  the  state  registra- 
tion of  motor  cars,  including  commercial  vehicles,  has 
increased  5,000  per  cent  or  from  about  48,000  in  190G 
to  2,445,664  in  1915.  In  1906  less  than  3  10  of  1  per  cent 
of  the  total  rui-al  road  and  bridge  expenditures  in  the 
United  States  was  derived  from  the  motor-vehicle  rev- 
enues, while  nearly  7  per  cent  was  secured  from  this 
source  in  1915. 

The  total  amount  collected  by  the  various  states  in 
1905  amounted  to  only  $62,500.  At  that  time  only  a  few 
of  the  states  made  the  revenues  from  this  source  directly 
applicable  to  road  work.  During  1915  the  total  gross 
revenues  derived  from  the  registration  of  motor  vehicles 
and  the  licensing  of  operators,  chauffeurs,  dealers,  etc., 
amounted  to  $18,245,713.  Nearly  all  the  states  now 
apply  the  motor-vehicle  revenues  directly  to  the  con- 
struction, improvement,  or  maintenance  of  the  public 
roads.  Of  the  total  revenue  collected  during  1915  prac- 
tically 90  per  cent  was  applicable  to  road  v.-ork,  and  of 
this  slightly  over  70  per  cent  was  placed  more  or  less 
directly  under  the  control  and  supervision  of  the  state 
highway  departments. 

The  number  of  motor  vehicles  registered  under  the 
general  designation  of  automobiles,  motor  trucks,  and 
commercial  vehicles  in  continental  United  States  during 
1915  amounted  to  a  total  of  2,445,664.  The  total  road 
mileage  of  the  United  States  outside  of  the  incorporated 
towns  and  cities  is  approximately  2,375,000  miles.  There 
is,  therefore,  an  average  of  slightly  more  than  1  motor 
car  for  each  mile  of  rural  public  road  in  the  United 
States.  The  distribution  of  the  motor  cars  among  the 
several  states,  however,  is  far  from  uniform.  There  is 
only  1  motor  car  for  every  6  miles  of  rural  road  in  the 
state  of  Nevada,  while  in  the  state  of  New  Jersey  there 
are  nearly  6  motor  cars  for  every  mile  of  such  road.  Or, 
with  an  average  of  1  motor-car  registration  for  every  44 
persons  in  the  United  States,  in  the  state  of  Iowa  there 
is  1  for  every  16  persons,  but  only  1  for  every  200  per- 
sons in  the  state  of  Alabama. 


EARTH     ROAD     CONSTRUCTION     IN     MURRAY 
COUNTY,  MINNESOTA. 

Earth  road  construction  in  Murray  County,  Minnesota, 
is  carried  out  by  day  labor,  using  the  county  outfit.  The 
plan  v.'as  adopted  in  1915  and  during  that  year  45  miles 
of  road  were  built.  It  is  expected  to  build  55  miles  this 
season  with  the  same  outfit.  The  work  is  in  charge  of 
P.  L.  Minder,  District  Engineer  of  the  State  Highway 
Commission.  The  following  description  of  the  Murray 
County  system  has  been  prepared  from  a  paper  read  by 
Mr.  Minder  this  spring  before  the  Minnesota  Engineers' 
and  Surveyors'  Society,  and  from  additional  information 
furnished  by  him: 
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For  the  1915  work  thirty-six  head  of  horses  for  the  sea- 
son were  hired  from  an  out  of  town  contractor  at  50  ct. 
a  day  per  head.  Ten  dump  wagons,  4  fresnos,  2  lumber 
wagons,  2  plows,  1  mormon  scraper,  2  leaning  wheel  i2-ft. 
graders  and  the  camp  outfit  were  bought.  There  already 
were  several  elevating  graders  in  the  county  which  were 
sufficient  for  the  needs.  The  total  cash  outlay  at  the 
start  was  approximately  $3,500. 

In  hiring  18  teams  it  was  assumed  that  on  a  long  haul 
all  ten  wagons  could  be  used.  There  then  would  be  6 
teams  for  the  elevating  grader,  10  teams  for  the  wagons,  1 
team  for  the  mormon  scraper  and  1  team  to  haul  supplies 
and  culverts.  When  the  haul  shortened  the  teams  that 
were  not  needed  on  the  wagons  were  put  on  the  fresnos 


for  short  hauls  and  side  Vjorrow,  or  for  hauling  culverts. 
The  extra  men  that  were  taken  off  the  fresno  outfit  when 
it  was  not  working  were  used  to  put  in  culverts.  In  this 
way  it  was  possible  to  keep  every  man  and  team  busy 
without  any  lost  time. 

It  is  a  noticeable  fact  that  many  contractors  spend  most 
of  the  profits  they  make  in  grading  on  finishing  the  road. 
Most  of  them  having  been  railroad  contractors,  rough  in 
several  miles  of  road  and  then  go  back  and  finish,  mean- 
while the  road  becomes  packed  hard  and  been  cut  up, 
and  it  is  much  more  difficult  to  finish  properly.  In  order 
to  avoid  this  costly  finishing,  the  elevating  grader  was 
placed  in  the  large  cuts,  the  fresnos  following  and  making 
the  small  cuts  and  doing  the  side  borrow  work,  if  any. 
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Construction   Views  of  Earth    Road    Building   in   Murray  County,   Minnesota. 
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As  soon  as  a  mile  had  been  roughed  in,  keeping  the  road 
fairly  even  with  a  mormon  scraper,  the  engine  and  the 
two  12-ft.  graders  followed,  doing  the  turnpiking  and 
finishing  on  that  mile.  By  this  procedure  the  cost  of 
finishing  was  never  more  than  $20  a  mile. 

In  1914  the  contract  for  grading  was  let  at  25  ct.  per 
cu.  yd.  and  for  turnpiking  at  5  ct.  per  Itn.  ft.  The  cost  to 
the  contractor  was  33  ct.  per  cu.  yd.  for  the  grading  and 
7  ct.  for  the  turnpiking,  resulting  in  a  loss  to  him  of  about 
33  per  cent.  His  costs  did  not  cover  engineerinjj,  super- 
vision and  surveying.  Last  year  doing  the  work  by  day 
labor  the  average  costs,  including  engineering,  construc- 
tion superintendence,  depreciation  of  outfit,  and,  in  fact, 
everything  chargeable  against  the  building  of  roads,  was 
19  ct.  for  the  grading  and  2';.  ct.  for  the  turnpiking,  which 
was  70  per  cent  of  the  1914  contract  and  55  per  cent  of  the 
contractor's  cost  of  doing  only  the  actual  construction 
work  in   1914. 

The  season  of  1915  was  very  wet,  but  only  two  days 
were  lost,  exclusive  of  the  time  it  was  actually  raining, 
and  this  was  due  to  the  fact  that  the  outfit  had  just  fin- 
ished a  job  and  it  was  too  wet  to  move  to  a  new  location. 
Loss  of  time  was  avoided  by  pitching  camp  on  a  mile  of 
heavy  work,  which  was  done  during  wet  weather  and  at 
odd  times  when  it  was  impracticable  to  go  far  from  camp. 
In  order  to  start  road  building  early  in  the  spring,  work 
is  started  on  high  ground  and  in  the  sandy  portions,  if 
there  are  any.  so  that  the  wet  weather  does  not  hinder 
greatly. 

No  local  teams  whatever  were  used  on  the  job,  and  but 
one  local  man  stayed  during  the  entire  season.  Several 
of  the  local  men  were  tried  at  the  start,  but  were  found 
unsatisfactory.  So  all  of  the  men  were  gotten  out  of 
town  and  only  those  were  employed  who  were  experienced 
in  railroad  grading.  These  men  quickly  adapted  them- 
selves to  road  grading  methods.  All  experienced  men. 
exclusive  of  the  one-up  teamsters,  were  hired  with  the 
understanding  that  they  were  to  stay  the  entire  season 
at  a  certain  rate.  If  they  did  not  remain  their  wages 
would  be  less.  This  was  found  to  be  a  very  satisfactory 
arrangement,  all  these  men  staying  the  entire  season  and 
are  returning  this  season. 

In  the  buying  of  feed  a  considerable  sum  can  be  saved 
by  looking  up  grain  and  hay  in  the  several  districts  where 
there  is  work  to  do.  If  the  hay  is  scarce,  and  there  is 
liable  to  be  a  shortage  during  the  summer,  it  is  a  good 
idea  to  buy  up  the  hay  early  in  the  season.  Oats  can  be 
bought  much  cheaper  from  the  farmer  than  from  the  ele- 
vator, because  of  the  elimination  of  the  hauling  expense 
and  the  elevator  company's  profit. 

The  cooking  outfit  was  bought  by  the  county,  but  ar- 
rangements were  made  with  a  cook  to  furnish  board  for 
the  men  at  55.00  a  week.  In  return  for  the  use  of  the  out- 
fit he  furnished  board  for  the  two  foremen.  In  two  sea- 
sons of  7  months  each  this  board  would  amount  to  $560, 
which  is  more  than  the  cost  of  the  outfit.  The  terminat- 
ing of  this  contract  was  left  to  the  option  of  a  county, 
thus  insuring  good  board  for  the  men,  it  being  necessary 
to  the  retention  and  efficiency  of  the  men  that  they  be 
well  fed.  The  cook  made  good  wages  during  the  season, 
doing  all  the  work  himself.  If  a  cook  had  been  hired  by 
the  month  the  county  would  have  had  to  furnish  a  flunkey, 
and  there  v.-ould  have  been  more  waste. 

An  elaboration  of  this  organization  is  being  considered 
by  the  township  officers  of  Murray  County  at  the  present 
time.  Under  the  plan  as  at  present  set  forth,  each  town- 
ship is  to  put  in  $2,000  into  a  construction  fund  to  be 
used  solely  for  the  construction  of  roads,  these  roads  to 
be  built  in  continuous  sections  in  each  township.  The 
maintenance  of  these  roads  is  to  be  taken  care  of  by  the 
individual  townships  themselves. 

The  twenty  townships  of  the  county  are  to  be  divided 
into  two  groups  of  ten  each,  having  one  outfit  for  each 
group.  This  will  make  a  construction  fund  of  $20,000 
for  each  group.  Out  of  this  fund  it  is  planned  to  buy  10 
dump  wagons,  two  12-ft.  blade  graders  and  the  camp  out- 
fit for  each  group. 

The  work  is  to   be   distributed  as   uniformly  as   prac- 
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ticable  over  the  ten  townships,  and  at  the  close  of  the 
season  each  township  is  to  be  charged  for  the  cost  of 
the  work  done  within  its  limits  and  its  proportion,  or 
10  per  cent,  for  the  co.st  of  the  equipment.  Then  the  bal- 
ance of  the  $20,000,  if  any,  is  to  be  refunded  to  that  town- 
ship. The  administrating  and  engineering  is  to  be  under 
the  direct  charge  of  the  District  Highway  Engineer. 

The  organization  and  wages  of  the  county  road  force 
is  as  follows: 

lliijluvay    ensinecr   acting  as   Superintendent   and   EInglneer. 

Kdremaii.  $125  per  month. 

IClevatIn},-  Krader  man.   $75   per   month  and   board. 

Klevatlns  srader  driver,    ?i)0   per  month   and  boP-rd. 

Push  cart  driver.   $i'i  per  month  and  board. 

Dumo    man.    $3.25    per    day. 

Wagon    team.^ters.    $40   per   month   .ind   bp.Trd. 

Mormon    Scraper   loamster,    $10   per   month   and   board. 

L-iborer  taking  rock  out  of  cuts.   $2.50  per  day. 

The  above  outfit  is  handled  by  the  general  foreman. 
The  number  of  teams  on  the  wagons  varies  with  the 
length  of  haul.  The  teams  not  needed  on  wagons  are  put 
on  fresnos.  The  output  of  this  oufit  varies  from  600  to 
900  yd.  per  10-hour  day,  or  an  everage  of  750  yd.  a  day. 

The  following  outfit  is  used  when  the  elevating  grader 
outfit  is  on  a  short  haul  and  is  under  the  straw  boss: 

straw  boss,   575  per  month  ai.d  board. 

Four-horse  frtsno  teamsters.   ?45  per  month  and  board. 

Plow    team    tc-amstir,    540    and   board. 

Two    laborer.^.    $_'..'0    pt-r    day. 

This  outfit  is  used  solely  for  side  borrow  work  or  taking 
out  cuts  of  less  than  100  yd.  The  output  of  this  outfit  is 
approximately  200  yd.  a  day,  but  is  very  hard  to  gage 
on  account  of  varying  class  of  work  they  do. 

The  following  outfit  is  handled  by  the  head  grader  man 
and  will  average  one  mile  of  finished  road  every  two  work- 
ing days : 

line    ;(i-CO  Jir.  engine  and  man.  $30  per  day. 
2-bla'le  (.-rader  men  at   $i;n  pel    month  and  board. 

When  the  straw  boss  and  his  outfit  is  not  working  he 
and  the  laborers  put  in  sectional  concrete  pipe. 

In  the  maintaining  of  roads  a  12-ft.  blade  grader  and 
a  small  engine  is  kept  on  the  road  continually  cleaning 
ditches  and  cutting  off  the  shoulders  of  the  road  left  by 
the  drags. 


THE  $85,000,000  FEDERAL  AID  ROAD  BILL  AND 
APPORTIONMENTS  FOR  FIRST  YEAR. 

The  Federal  Aid  Road  Bill,  signed  by  President  Wilson 
on  July  11,  provides  $85,000,000  for  highway  con.=truction 
purposes  during  the  next  5  years.  Of  this  total  $10,000,- 
000  is  to  be  expended  for  the  survey,  construction  and 
maintenance  of  roads  and  trails  within  or  partly  within 
the  National  Forests.  This  last  appropriation  v.ill  not  be 
available  except  upon  a  co-operative  agreement  made  be- 
tween the  state,  territory  or  county  and  the  Secretary  of 
Agriculture.  It  also  is  provided  that  the  aggregate  ex- 
penditures in  any  state,  territory  or  county  shall  not 
exceed  10  per  cent  of  the  value,  as  determined  by  the 
Secretary  of  Agriculture,  of  the  timber  and  forage  re- 
sources which  are  or  will  be  available  for  income  upon 
the  National  forest  lands  within  the  respective  county  or 
counties  wherein  the  roads  or  trails  will  be  constructed. 

Of  the  $75,000,000,  the  sum  of  $5,000,000  will  be  avail- 
able for  the  fiscal  year  ending  June  30,  1917;  $10,000,000 
for  1918,  $15,000,000  for  1919,  $20,000,000  for  1920  and 
$25,000,000  for  1921.  Of  these  sums  3  per  cent  is  to  be 
withheld  for  Federal  administrative  expenses. 

The  allotments  of  the  Federal  fund  to  the  several  states 
will  be  made  by  the  Secretary  of  Agriculture  in  this  man- 
ner: One-third  in  the  ratio  which  the  area  of  each  state 
bears  to  the  total  area  of  all  the  states;  one-third  in  the 
ratio  which  the  population  of  each  state  bears  to  the 
total  population  of  all  the  states,  as  shown  by  the  latest 
available  Federal  census;  one-third  in  the  ratio  which 
the  mileage  of  rural  delivery  routes  and  star  routes  in 
each  state  bears  to  the  total  mileage  of  rural  delivery 
routes  and  star  routes  in  all  the  states,  at  the  close  of  the 
next  preceding  fiscal  year,  as  shown  by  the  certificate  of 
the  Postmaster  General.  None  of  this  money  can  be 
used  except  a  state  contributes  at  least  an  equal  amount 
for  the  road  on  which  it  is  to  be  applied. 

In   order  to   obtain    federal   aid,   the   state   authorities 
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ENGINEERING 

AND      CONTRACTING 


TABI.E   I.— AI']  OKTIONMKNT   OF   FEDERAL    KOAD   FUNDS    FOR    FISCAL,   \KAR    1917 


.\rea   as   of 
States 

State.  Siiuare  miles, 

Alabama    51.998 

Arizona    113,95li 

Arkansas     53,335 

Califoniia     15S.29T 

Colorado     103,948 

Conneciiciit    4,965 

Delaware     2,370 

Florida     58,666 

Georgia    59,265 

Idaho    S3,8SS 

Illinois     56,665 

Indiana     36,354 

lovva      56,147 

Kansas     S2,15S 

Kentucity    40,598 

J*uuisiana    41>,50G 

.Maine     33,040 

.Maryland     12,327 

.Ma.^sachiisettB    8,266 

.MicliiSi'n     57,980 

.MinneKjta     S4,fiS2 

.Mississiijpi     46,865 

.Missouri     69,420 

.Montana    110,997 

.N'eljraslia     77,520 

Nevada    110,690 

New   Hampshire    9,341 

New     .J  ersey     8,224 

New     Me.xico     122,634 

New    Yorl;    49,204 

North   Carolina    52,426 

Xorth    Daliota    70,8.f7 

iJhio     41,040 

(il<lahoma    70,057 

OrcKon      96,699 

Pennsylvania     45,126 

Rhode    Island    1,248 

South     Carolina     30,989 

South    Daiiota    77,615 

Tennessee     42,022 

Texas    265,896 

I'tah     84,990 

Vermont     9,564 

Virginia     42,627 

VVashinerton     69,127 

West    Virginia    24.170 

Wisconsin     56,066 

Wyoming    97,914 

Total     3,026,719 


-        - 

Star    and 
.shown 

rural     routes 
\)y    certificate 

ol      Postmaster     Gen- 

1910   United- 

Population  as  of  1910    I'ni 

eral    as 

of    June    30, 

census. 

ted   States  census. 

1916. 

Sum 

appor- 
tioned. 

.  Percentage. 

Population. 

Percentage. 

'    Miles. 

Percentage,    poitionmenl. 

1.71796 

2,138,093 

2.33311 

29.6)5 

2.39111 

2.14740 

$104,148.90 

3.76.^00 

204,354 

.22299 

;:.ii'ti: 

.24997 

1.41265 

68.513.52 

1.76214 

1,574,449 

1.71806 

2N  2  !."► 

1.63458 

1.7U493 

82.689.10 

5.22999 

2,377,549 

2.59441 

18.823 

1.51976 

3.11472 

151.063.92 

3.43435 

799,024 

.87191 

111.781 

.87045 

1.72557 

83,690.14 

.16404 

1,114,756 

1.21644 

6.721 

.54265 

.61104 

31,090.44 

.07S30 

202,332 

.22078 

2.566 

.20718 

.16875 

8,184.37 

l.;i3S27 

752,619 

.82127 

8.706 

.70292 

1.15415 

55,976.27 

1.95806 

2,609,121 

2.S4711 

43.397 

3.50386 

2  1  li'.ir.N 

134,329.48 

2.77158 

325,594 

.35529 

7,594 

.61314 

1.24667 

60,463.50 

1.SI216 

5,638,591 

6.15290 

69,860 

5.64048 

4.55518 

220,926.23 

1.20110 

2,700,876 

2.94723 

52,619 

4.24S44 

2.79892 

135.747.62 

1.S55U5 

2,224,771 

2.42770 

5S,;i43 

4.75904 

3.01393 

146.175.60 

2.71442 

1,690.949 

1.84518 

53,210 

4.29858 

2.95273 

143.207.40 

1.34132 

2,289,905 

2.49877 

27,113 

2.18910 

2.00973 

97,471.91 

l.i:0259 

1,656,388 

1.80747 

9,4.'.S 

.76364 

1.39123 

67,474.66 

1.09161 

742,371 

.81008 

13,566 

1.09531 

.99900 

48.451.60 

.10727 

1,295,346 

1.41350 

11,194 

.90380 

.90819 

44,047.22 

.27310 

3,366.416 

3.67347 

7.6;I8 

.02153 

1.52270 

73,850.95 

1.91561 

2,810,173 

3.06650 

49,981 

4.03545 

3.00585 

145,783.72 

2.79782 

2.075.708 

2.26504 

46.384 

3.74503 

2.93596 

142.394.06 

1.S4S3S 

1,797,114 

1.96103 

24,i;46 

1.98991 

1.83311 

88,905.84 

2.29357 

3,293,335 

3.59373 

57,108 

4.61088 

3.45939 

169,720.41 

4.85664 

376,053 

.41035 

]().ni;5 

.81264 

2.02654 

98,287.19 

2.56119 

1,192,214 

l..i0096 

33,964 

2.74224 

2.20146 

106,770.81 

3.65710 

81,875 

.08934 

2,935 

.23697 

1.32780 

64,398.30 

.30862 

430.572 

.46985 

6,444 

.52029 

.43292 

20,996.62 

.27171 

2.537.167 

2.76859 

7,708 

.62234 

1.22088 

59,212.68 

4.05171 

327.301 

.35715 

5,716 

.46161 

1.62346 

78,737.81 

1.62565 

9,113,614 

9.944S9 

48,773 

3.93792 

5.16949 

250,720.27 

1.73211 

2,206,287 

2.40753 

36.358. 

2.93553 

2.35839 

114,381.92 

2.34039 

577,056 

.62969 

21,548 

1.73978 

1.56996 

76.143.06 

1.35592 

4,767,121 

5.20194 

61,968 

5.00328 

3.85372 

186,905.42 

2.31462 

1,657,155 

1.80831 

37,115 

2.99908 

2.37400 

115,139.00 

3.19485 

672,765 

.73413 

11.621 

.93828 

1.6.242 

78,687.37 

1.49092 

7,665,111 

8.36426 

54,638 

4.41146 

4.75555 

230,644.17 

.04123 

542.610 

.59210 

1.093 

.08825 

.24053 

11,665.71 

1.02385 

1.515,400 

1.65362 

21,851 

1.76424 

1.4SM57 

71,807.64 

2.56433 

583,888 

.63715 

22,362 

1.80550 

1.66S99 

80,946.02 

1.38837 

2.184,789 

2.38407 

40.731 

3.28861 

2.3536S 

114,153.48 

8.78496 

3,896,542 

4.25195 

62.181 

5.02048 

6.01913 

291,027.81 

2.80799 

373,351 

•      .40740 

3,806 

.30730 

1.17423 

56.950.15 

.31599 

355,956 

.38842 

8,777 

.70865 

.47102 

22.844.47 

1.40836 

2,061,612 

2.24966 

31,045 

2.50556 

2.05486 

99,660.71 

2.28389 

1,141,990 

1.24615 

11.350 

.91640 

1.48213 

71,884.28 

.79855 

1.221,119 

1.33250 

14.417 

1.16402 

1.09836 

53,270.46 

1.85237 

2,333,860 

2.54674 

43,854 

3.54076 

2.64662 

128,361.07 

3.23499 

145,965 

.15928 

4. 844 

.39110 

1.26179 

61,196.82 

lOO.OOOOO 

91,641,197 

100.00000 

1,238,548 

100.00000 

100.00000 

4.850,000.00 

designated  in  the  act  must  submit  to  the  Secretary  of 
Agriculture  a  statement  of  the  projected  road  construc- 
tion, which  must  be  "substantial  in  character,"  in  which 
national  assistance  is  desired.  If  the  Secretary  approves 
a  project,  the  state  authorities  must  then  submit  such 
surveys,  plans,  specifications  and  estimates  as  he  may 
require.  If  these  engineering  and  legal  features  are 
approved  by  the  Secretary,  the  state  officials  are  at  liberty 
to  go  ahead  with  the  work. 

The  Treasury  Department  will  pay  to  the  proper  state 
officials  from  time  to  time,  as  the  Secretary  of  Agricul- 
ture directs,  the  federal  share  of  the  cost  of  the  work,  • 
not  to  exceed  $10,000  per  mile,  which  has  been  inspected 
and  approved  by  him.  This  share  must  not  exceed  half 
the  cost. 

The  construction  work  in  each  state  is  to  be  done  in 
accordance  with  the  laws  of  the  state  and  under  the  direct 
supervision  of  the  state  highway  department,  subject, 
however,  to  the  inspection  and  approval  of  the  Secretary 
of  Agriculture  without  which  the  state  cannot  share  in 
the  apportionment  of  the  Federal  appropriation. 

The  law  requires  the  states  or  their  civil  subdivisions 
to  maintain  the  roads  built  with  federal  assistance.  If 
needed  repairs  are  not  made  and  the  surface  preserved 
in  a  reasonably  smooth  condition,  considering  the  type 
of  construction,  the  Secretary  of  Agriculture  must  notify 
the  state  authorities  of  the  fact,  and  if  the  road  has  not 
been  put  in  proper  condition  within  four  months  from 
the  receipt  of  that  notice,  the  Secretary  is  directed  to 
disapprove  any  further  road  project  from  that  state  or  its 
civil  subdivision,  until  the  road  has  bgen  put  in  satisfac- 
tory condition. 

The  factors  of  apportionment  to  states  under  the  Fed- 
eral Aid  Roads  Act  appropriation  for  the  fiscal  year  1917 
are  shown  in  Table  I. 


RESURFACING    OLD     BELGIAN     BLOCK    PAVE- 
MENTS WITH  BITUMINOUS  SURFACE. 

During  1915  the  city  of  Atlanta,  Ga.,  resurfaced  several 
old  Belgian  block  pavements  with  sheet  asphalt.  Lutz 
surface  heating  machines  were  used  to  heat  the  old  pave- 


ment sufficiently  to  completely  dry  it  and  to  cause  a  bond 
between  an  application  of  asphaltic  binder  coat.  The  fol- 
lowing description  of  the  work  is  taken  from  a  paper  by 
A.  P.  McClellan  in  the  recently  issued  Proceedings  of 
the  Engineering  Association  of  the  South: 

A  sheet  asphalt  wearing  surface  was  applied  on  an 
old  Belgian  block  pavement  on  Gilmer  St.  from  Edge- 
wood  Ave.  to  Washington  St. 

As  there  was  a  street  railway  track  on  this  section,  it 
was  necessary  to  lower  the  block  in  the  direction  of  the 
rail  toward  the  curb  for  a  sufficient  distance  to  get  ap- 
proximately 1^2-in.  depth  to  the  asphaltic  wearing  sur- 
face. The  blocks  were  taken  out  and  the  sub-grade 
lowered  and  blocks  were  relaid  and  rammed. 

Following  this,  the  entire  street  surface  was  cleaned 
and,  with  the  use  of  a  fire  hose,  the  joints  were  washed 
out  for  a  depth  of  approximately  2V2  in.  Next,  the  sur- 
face heater  was  applied  and  the  blocks  were  heated  until 
thoroughly  dry.  It  was  intended  to  heat  the  blocks  to 
about  a  maximum  temperature  of  250°  F.  sufficient  time  to 
drive  out  the  moisture  in  the  blocks  and  the  joints  and 
to  open  the  pores  in  the  blocks. 

Immediately  following  the  heater  a  binder  coat  of 
bitumen  was  applied  to  the  heated  blocks.  Next  an  aver- 
age depth  of  2  in.  of  standard  sheet  asphalt  mixture  was 
applied  in  the  usual  manner.  Inside  the  rail,  the  blocks 
on  this  particular  section  were  not  lowered.  The  joints 
were  cleaned  as  outside  the  track,  and  a  standard  sheet 
asphalt  mixture  was  applied  to  a  depth  of  II2  in.  in  the 
center  of  the  tracks  tapering  down  to  the  head  of  the  rail. 

This  section  of  pavement  so  far  is  in  fairly  good  con- 
dition, showing  slight  indications  of  fracture  along  that 
part  inside  the  tracks. 

It  is  not  believed  that  this  method  of  construction  will 
stand  inside  street  railway  tracks  in  constant  service. 
This  particular  section  of  track,  however,  is  not  in  use 
except  during  the  grand  opera  season  and  during  large 
conventions. 

The  cost  of  the  work  on  Gilmer  St.  was  as  follows : 

Total  cost  of  rcsuil'aciiiy.  inchnlin.s,'  royalty.  69.42  ct.  per  surface 
yard ; 
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Itemized  cost. 

Persq.  yd. 
Cts. 

Resetting   bloclis    8 

Heater,    royalty,    aiul    fuel    only 7 

Labor    19 

Materials    38.4 

Tot.Tl    fin.  4 

The  next  application  was  on  Piedmont  Ave.  from  Ponce 
de  Leon  Ave.  north  to  Sixth  St.  This  street  carries  a 
double  line  of  surface  railway  tracks,  part  of  which  have 
a  grooved  rail  section  and  part  of  which  has  a  "T"  rail 
section.  This  work  was  done  during  very  bad  weather  in 
the  fall  of  1915,  and  the  operation  was  similar  to  that  on 
Gilmer  St.,  except  that  the  blocks  were  lowered  approxi- 
mately 2  in.  across  the  entire  track  area.  After  cleaning 
the  joints  and  applying  the  surface  heater,  followed  by 
the  binder  coat,  which  at  the  time  of  application  showed 
splendid  adhesion  to  the  granite,  several  days  of  rainy 
weather  were  encountered,  which  caused  the  binder 
course  over  which  the  asphalt  had  not  been  laid,  to  lose 
its  bond  to  the  block.  Strips  of  this  binder  could  be 
pulled  up  without  trouble.  It  was  necessary,  on  a  part 
of  this  street,  to  reapply  the. binder  coat.  On  this  work, 
except  adjoining  the  rail,  at  the  present  time,  the  surface 
is  in  good  condition  with  the  exception  of  a  slight  and 
almost  imperceptible  wave  along  the  west  side  of  the 
street  for  a  distance  of  about  200  ft. 

Along  the  grooved  section  of  rail  a  straight  fracture 
against  and  paralleling  the  rail  developed  almost  imme- 
diately after  laying  and  is  showing  slowly  increasing 
width  due  to  vibration  of  the  rail,  which  is  causing  a 
gradual  separation  of  the  mineral  aggregate  from  the 
bitumen. 

Along  the  "T"  rail  section  the  asphalt  is  showing 
marked  signs  of  deterioration  following  the  immediate 
fracture  along  and  paralleling  the  rail  as  was  the  case  in 
the  grooved  rail  section.  At  some  places  along  the  "T" 
rail  the  asphalt  has  raveled  for  a  distance  of  8  in.  away 
from  the  rail,  the  raveling  thus  allowing  the  admission 
of  water,  and  undoubtedly  will  continue  to  disintegrate 
the  asphalt.  It  is  not  known  whether  this  marked  disin- 
tegration adjoining  the  "T"  rail  section  is  due  in  any  way 
to  the  type  of  rail  or  is  due  to  the  fact  that  along  this 
rail,  in  rolling,  it  was  practically  impossible  to  get  good 
compression,  owing  to  the  fact  that  the  roller  would 
mount  the  rail  and  the  curvature  of  the  pavement  pre- 
vented good  compression  adjoining  the  rail. 

The  entire  cost  per  square  yard,  includiiig  royalty,  on 
this  work  was  73,3  ct.     The  cost  sub-divided  is  as  follows : 

Per  sq  >d. 
Cts. 

Labor     :i2..S 

Jlaterial 33.0 

Heating,    fuel     2.6 

Heating,    royalty    5.0 

Incidentals     1.1 

Total     73.3 

Estimated  cost  of  heater  application,  including  royalty, 
is  20  ct.  per  surface  yard. 


INVERTED  CONCRETE   PAVEMENT  CONSTRUC- 
TION. 

An  inverted  concrete  pavement  of  the  type  shown  in 
Fig.  1  is  used  by  the  Anderson  Land  Co.,  of  which  F.  A. 
Greene,  Cedar  Rapids,  la.,  is  chief  engineer,  for  paving 
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Fig    1 — Inverted    Concrete    Pavement    Section. 

for  its  real  estate  developments.  The  depth  of  the  in- 
verted crown,  of  course,  varies  according  to  the  amount 
of  surface  water  to  be  disposed  of.  The  pavements  are 
1-course,  6  in,  thick,  proportioned  1 :2V2 :4  with  washed 
river  sand  and  crushed  stone  in  size  from  %-in.  to  l^i- 
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in.     When  no  sidewalk  is  built  the  grade  is  carried  to  the 
lot  grade. 

In  surfacing  the  pavement  a  dry  mix  of  equal  parts  of 
cement  and  sand  is  spread  lightly  over  the  entire  surface 
and  floated  several  times  until  the  right  surface  is  ob- 
tained.    The  pavements  are  18  ft.  wide,  with  expansion 


Fig.   2 — Connection    of   Concrete    Pavement   With    Highway. 

joints  every  30  ft.,  using  expansion  felt  joint.  No  con- 
traction joints  nor  corrugations  of  any  kind  are  used, 
nor  are  protection  plates  for  the  joints  employed. 

In  constructing  this  pavement  the  idea  has  been  to  use 
it  in  suburban  districts  or  on  country  roads.  Its  use  is 
not    advocated    when    curbs    are    used.     On    subdivision 


Gigs.    3    and    4 — Concrete    Pavements    at    Vernon    Heights,    la. 

work,  however,  it  is  claimed  to  give  the  whole  street  a 
symmetrical  appearance,  and  to  be  highly  satisfactory  to 
the  residents.  Figs.  2,  3  and  4  are  views  of  the  concrete 
pavement  construction  at  Vernon  Heights,  Cedar  Rap- 
ids,  la. 


TEMPLET  FOR  MONOLITHIC  BRICK  PAVEMENT 
CONSTRUCTION. 

The  steel  template  shown  in  the  accompanying  illus- 
tration has  been  used  with  marked  success  in  the  con- 
struction of  monolithic  brick  pavement  in  the  state  of 
Illinois.  The  template  is  constructed  of  two  5-in.  I- 
beams  for  the  main  members,  rigidly  connected  either 
end  by  %  by  4-in.  iron  plates,  upon  which  the  roller  car- 
riers are  mounted  and  adjusted. 
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The  I-beams  are  bulldozed  to  conform  to  crown  re- 
quirements or  are  carried  flat,,  as  the  case  may  be.  On 
top  of  these  beams  are  fastened  light  4-in.  [  irons  to 
keep  any  material  from  overflowing  during  the  move- 
ment of  the  template.  The  carrier  rollers  are  machined 
and  packed  in  hard  oil  and  need  oiling  only  once  a  sea- 
.son.  Flanges  fastened  at  the  ends  of  the  I-beams  have 
"springs  and  hinges  and  ride  constantly  against  the  forms, 
thus  doing  away  with  all  hand  luting  and  leaving  a  per- 
fect cushion  for  the  brick.  These  carriers  are  so  made 
that  they  are  adjustable  to  any  height  of  brick  or  depth 
of  cushion,  requiring  only  the  loosening  of  a  bolt  and 
set  screws  to  change  the  adjustment.  The  heads  also  are 
made  detachable  so  that  they  may  be  used  on  any  width 
or  several  diff'erent  templates.  In  operation  the  space 
between  the  two  templets  is  kept  filled  with  dry  mortar. 
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been  associated  with  the  senior  meinl)er  of  the  above  firm  in  thp 
capacity  of  principal  assistant  engineer.  He  is  a  graduate  of  the 
I  iiiversity  of  Michigan. 

Peter  D,  D.  Lyall.  well-known  contractor  of  Winnipeg,  Man.,  is 
now  lieutenant  in  the  ]90th  Overseas  Battalion  of  the  Knslish  armv 
I.iout.  I.,yall  is  a  son  of  the  late  Peter  Lyall,  head  of  one  of  the 
l,irt;est  contracting'  firms  in  the  Dominion. 

.1.  B.  Armstrons.  heretofore  Keneral  manager  and  chief  engineer 
of  the  Salt  hake  and  Utah  Railroad,  with  headiiuarters  at  Salt  Lake 
City,  Utah,  has  been  appointed  ('hief  linsineer.  Maintenance  of  Way, 
lor  the  Union   Pacific   system   with   headquarters  at   Omaha. 

K.  G.  Lane  has  been  .appointed  Engineer.  Maintenance  of  Way  of 
ihe  Western  Lines  of  the  Baltimore  &  Ohio  Railroad,  with  headquar- 
lers  at  Cincinnati,  Ohio.  Mr.  Lane  also  was  appointed  Kngineer, 
.\raintenance  of  Way  of  the  Cincinnati,  llaniilton  &  Davton  Kail- 
way. 

Col.  John  Millis,  U.  S.  Corps  of  Ensineers,  for  the  past  four 
years  in  charge  of  the  Newport,  Rhode  Island,  district,  has  been 
transferred  to  Savar.nah,  Ga..  where  he  will  be  Division  Engineer, 
.Southeast  Division,  and  District  Engineer  of  the  Savannah  Dis- 
trict. 

H,  \V.  Smith  of  Kleinfeltersville.  Pa.,  ha.s  been  appointed  general 
manager  of  the  Philadelphia  Construction  Co.,  and  will  have  charge 
'-<(    the    management    of    the    Kleinfeltersville    and   Womelsdnrf    electric 


Parrish    Templet   for   Monolithic    Brick    Pavement    Construction. 


As  the  templet  is  drawn  forward  by  a  cable  attached  to 
the  mixer,  the  base  is  struck  off  to  a  smooth  surface  and 
a  layer  of  dry  mortar  is  distributed  evenly  over  the  wet 
concrete. 

This  template  has  been  designed  and  developed  by 
Alan  Jay  Parrish,  general  contractor,  of  Paris,  111.,  and 
has  been  used  by  him  on  his  state  road  contracts.  A 
patent  is  now  pending. 


PERSONALS. 

.1.  H.  Peotrowskv  has  been  appointed  Superintendent  of  Water- 
Works  of  Barberton,  O. 

F.  .\.  Torkelson.  formerly  City  Engineer  of  Wauwatosa,  Wis.,  has 
been  appointed   City  Engineer  of  Green  Bay,  Wis. 

Charles  F.  Puff  has  been  appointed  .Assistant  Engineer  in  the 
Bureau  of  Surveys,  of  the  Department  of  Public  Works,  of  Phila- 
delphia,  Pa. 

E.  J.  Correll  of  Chillicothe,  C,  has  been  appointed  District  En- 
gineer. Maintenance  of  Way  of  the  southwest  district  of  the  Balti- 
more &  Ohio   Railway. 

W.  H,  Bailey.  Mechanical  Engineer  of  the  Gary  works  of  the  Illi- 
nois Steel  Co..  has  been  promoted  to  the  position  of  chief  engineer 
of   the   South   Cliicago   plant. 

F.  D.  Batchellor.  District  Engineer.  Mainti^nance  of  Way,  Cincin- 
n.iti.  Hamilton  &  Dayton  Railway,  has  hnd  his  iurisdiction  extended 
to   include  the  Northwest  District   of  the   Baltimore   &   Ohio   Railroad. 

C.  H,  Howe.  Flora,  O..  has  been  appointed  Division  Engineer  of 
the  Baltimore  &  Ohio  Railroad,  with  headquarters  at  Chillicothe. 
and  C.  E.  Herty,  Seymour.  Tnd..  has  been  appointed  Division  En- 
gineer  with   headquarters   at   Flora, 

George  McCormick,  heretofore  roadmaster  on  the  Marysville  Di- 
vision of  the  Southf-rn  Pacific  Railroad,  with  headouarters'at  Marys- 
ville, has  been  promoted  to  position  of  Assistant  Division  Engineer, 
with  headquarters  at  Sacramento,  Cal. 

Dan  W.  Thrower,  heretofore  District  Engineer  of  the  Yazoo  & 
Mississippi  Valley  R.  R.,  with  headquarters  at  Memphi.<v,  Tenn..  has* 
been  appointed  assistant  valuation  engineer  for  that  road  and  for  the 
Illi,noiii   Central   R.    R..   with   offices   at   Chicago. 

Stuart  K.  Knox,  M.  Am.  Soc.  C-  E..  has  vecentiv  become  a  member 
of  the  firm  of  Nichtplas  S.  Hill.  .Jr..  and  S.  F.  Ferguson,  consulting 
engineers.   New   York   City.     For  the  past  eight   vears  Mr.   Knox   has 


railwa\"  now  under  cuiistruction.  Mr.  Smith  formerly  was  superintend- 
ent of  the  Eyhrata  and  Lebanon  Electric  Railway  and  liad  charge  of 
'he  construction. 

F.  T^.  Nauman,  Division  Engineer  of  the  Southern  Pacific  Railwaj'. 
with  headquarters  at  San  Francisco,  has  been  appointed  superintend- 
ent and  chief  engineer  of  the  Salt  Lake  and  Utah  Railway,  succeed- 
ing Mr.  Armstrong.  The  duties  of  general  manager  of  the  railway 
will  be  performed  by  President  W.   C.   Orem. 

Steps  are  being  taken  to  effect  a  permanent  organization  of  cit> 
engineers  of  the  State  of  Washington.  A  committee  of  three,  of 
which  Hans  Mumm,  Jr..  City  Engineer  of  Everett.  Wash.,  is  chair- 
man, has  been  appointed  to  prepare  a  program  for  a  preliminary 
meeting  and  a  form  of  organization.  D.  W.  l\TcMorris.  in  charge  of 
court  Platters  for  the  Engineering  Department  of  Seattle,  Wash.,  and 
L.  .\.  Nicholson.  City  Engineer,  of  Everett,  are  members  of  the 
committee. 


OBITUARY. 

James  Maher,  Supt.  of  Waterworks  of  Newport,   Ky. ,  died  recently. 

Lloyd  O.  McCabe.  a  civil  engineer  for  the  Interborough  Transit 
Co.,  died  suddenly  July  13,  at  his  home  in  Brooklyn,  N.  Y..  of  heart 
failure. 

William  R.  Patterson.  Director  of  the  Western  Electric  Co.,  and 
senior  partner  of  Patterson  &  Davidson,  Consulting  Engineers,  died 
July  19,  in  Chicago. 

Ernest  G.  Barrow,  for  a  number  of  years  city  engineer  of  Hamil- 
ton. Ont..  died  July  20.  at  Toronto.  Ont.  Mr.  Barrow  was  a  member 
of  the  firm  of  Barrow  &  Hunting.  Contractors. 

Charles  W.  Kirchhoff,  Editor  of  the  Iron  Age,  died  July  23,  at 
.\sbury  Park,  N.  J.,  in  his  64th  year.  Mr.  Kirchhoff  was  born  in  San 
Francisco  in  1S.53  and  attended  school  in  this  country  and  Gerinan>'. 
graduating  from  the  Royal  School  of  Mines.  Clausthal.  Germany,  in 
1874.  For  the  following  three  >  ears  he  worked  as  chemist.  assa>'er 
and  assistant  superintendent  of  the  Delaware  Lead  Mills  in  Phila- 
delphia. In  1S77,  Mr.  Kirchhoff  joined  the  staff  of  the  Metallurgical 
Review,  leaving  that  publication  in  the  following  year  for  the  Iron 
A  ge. 

L.  W.  Bierwlrth,  for  many  years  active  in  the  Engineering  and 
Smokeless  Powder  Department  of  the  Dupont  Company,  died  .luly  IS 
at  the  University  of  Penns\'lvania  Hospital,  Philadelphia.  He  was  a 
graduate  of  Swarthmore  College  and  entered  the  employ  of  the  com- 
nan^■  Januar>\  ISrtri  as  an  engineer  in  the  black  powder  department. 
In  1907  he  superintended  the  construction  of  the  smokeless  now^der 
plant  which  the  Dupnnt  Co..  at  Detroit  built  for  the  Brazilian  Govern- 
ment, near  Rio  de  Janeiro.  On  his  return  to  the  I'nited  States  in 
1910  he  was  promoted  to  be  superintendent  of  the  Haskell  plant  at 
Haskell,   N.   J. 
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Halbert  P.  Gillette,  President  and  Editor 


\'olunie  XL\"I. 


CHICAGO,  ILL.,  AUGUST  9,  1916. 


Number  6. 


CITY  WATER  FOR  IRRIGATION  AND  ITS 
POSSIBILITIES. 

While  making  an  appraisal  of  a  water  works  plant  in 
a  western  city  of  15,000  population,  the  editor  was  aston- 
ished to  find  a  daily  water  consumption  of  600  gal.  per 
capita.  The  superintendent  of  the  plant  was  asked  why 
he  did  not  meter  the  services  to  reduce  water  wastage. 
The  reply  was  that  the  water  was  not  regarded  by  him 
as  wasted,  for  most  of  it  was  used  to  irrigate  gardens 
and  lawns. 

It  was  undeniable  that  this  little  city,  located  in  an  arid 
region,  presents  an  exceptionally  fine  appearance.  But 
beside  the  fine  appearance  created  by  its  lawns  and 
gardens  there  is  the  greater  asset  resulting  from  an 
abundance  of  fresh  vegetables  and  berries  grown  in  the 
yards  of  many  of  its  residents.  Doubtless  a  good  deal  of 
water  is  wasted,  but  since  there  is  abundance  of  water 
delivered  through  ditches  to  the  reservoir  and  thence  by 
gravity  through  pipes  to  the  consumers,  the  waste  is  not 
as  yet  a  serious  matter. 

The  editor  remembers  his  first  impression  of  Salt  Lake 
City  when,  as  a  boy,  he  went  there  to  live  35  years  ago. 
The  city  seemed  like  a  huge  garden  in  the  midst  of  which 
lived  the  gardeners.  Water  flowed  in  ditches  along  the 
sidewalks  of  all  streets,  and  each  resident  had  the  right, 
at  certain  times,  to  divert  some  of  the  ditch  water  upon 
the  garden  in  the  rear  of  his  house.  Large  trees  grew 
along  the  sidewalk  ditches.  So  great  was  the  number  of 
trees  and  so  dense  the  foliage  that  when  the  city  was 
viewed  from  one  of  the  nearby  "benches,"  or  elevated 
plateaus,  it  looked  like  a  forest. 

Of  necessity  many  of  the  cities  and  towns  in  the  arid 
states  have  developed  in  this  manner,  so  that  it  is  taken 
as  a  matter  of  course  that  city  water  should  be  liberally 
used  for  garden  purposes.  But  in  the  rest  of  America  we 
have  a  much  narrower  conception  of  the  possibilities  in- 
herent in  this  use  of  water.  Our  narrower  conception 
arises  in  part  from  the  fact  that  we  often  have  to  pump 
the  water,  and  in  part  from  the  fact  that  we  have  suf- 
ficient rainfall  to  make  possible  the  raising  of  some 
garden  truck  without  irrigation.  We  have,  therefore,  to 
be  taught  that  the  greater  productiveness  of  gardens  that 
are  irrigated  abundantly  justifies  irrigation  in  almost 
every  section  of  the  United  States,  even  where  the  pump- 
ing lift  is  considerable. 

The  managers  of  water  works  plants  have  made  no 
efftrt  to  teach  this  fact.  Indeed,  few  of  them  know  it  to 
be  a  fact.  How  many  city  water  works  men  have  ever 
read  a  single  bulletin  of  the  U.  S.  Department  of  Agricul- 
ture on  irrigation?  Such  literature  is  for  farmers  and 
not  for  city  water  works  managers,  they  have  thought. 
But  in  so  thinking  they  have  been  wrong,  and  it  is  our 
purpose,  in  future  numbers  of  this  Water  Works  and 
Hydraulics  monthly  issue  of  Engineering  and  Contracting, 
to  reprint  those  parts  of  the  bulletins  on  irrigation  that 
will  demonstrate  our  contention  that  nearly  every  city 
water  works  can  profitably  develop  an  irrigating  load. 

We  shall  show  that  by  the  use  of  overhead  sprinkling 
systems  and  by  the  use  of  water  meters  to  reduce  waste, 
even  high  priced  water  may  be  profitably  used  for  irri- 
gating gardens  in  cities  and  villages.  Where  rainfall  is 
frequent,  such  an  irrigation  system  will  not  be  called 
upon  to  supply  great  quantities  of  water  save  for  short 
periods  of  drought. 

In  some  cases,  if  the  existing  reservoirs  are  enlarged, 


or  additional  reservoirs  built,  the  peak  irrigating  load  can 
be  carried  without  greatly  changing  the  rest  of  the 
water  works  plant.  In  other  cases  it  will  pay  better  to 
install  additional  pump  units  to  meet  the  peak  demand 
without  resort  to  storage.  Each  case  presents  a  different 
engineering  problem,  but  in  every  case  the  fundamental 
task  is  to  solve  the  equation  so  as  to  give  the  maximum 
profit  to  the  water  users.  This  is  true  even  where  the 
water  works  is  privately  owned,  for  when  the  water  user 
can  derive  a  greater  profit  from  the  use  of  water  he  is 
glad  to  pay  to  the  water  works  owners  a  part  of  his  gross 
gain  as  recompense  for  the  initiative,  intelligence  and 
capital  supplied  by  the  owners  of  the  water  plant. 


CLEANING  UP  THE  NEPONSET  RIVER. 

An  account  of  the  methods  of  ridding  the  Neponset 
River  in  Massachusetts  of  the  nuisance  arising  from  the 
discharging  into  its  waters  of  sewage  and  trade  wastes 
is  published  in  another  column  of  this  issue.  There  seem 
to  us  to  be  two  good  reasons  for  devoting  unusual  space 
to  this  account.  It  is  presented  by  an  authority  in  sani- 
tary engineering  and  having  direct  and  intimate  ac- 
quaintance with  the  work.  It  is  a  work  of  sanitation  of 
e.xceeding  interest  first  because  of  the  detail  of  the  usable 
information  given  and  second  because  it  exemplifies  a 
character  of  task  that  will  become  increasingly  frequent 
as  time  goes  on.  It  is  not  proposed  here  nor  is  it  neces- 
sary to  comment  on  the  demonstrated  fact  that  industrial 
wastes  can  be  so  treated  as  to  prevent  offensive  deposits 
or  odors.  We  may,  however,  rightly  call  attention  to  the 
danger  of  increasing  legislation  toward  making  pre-emi- 
nent the  goal  of  unsullied  natural  waters.  The  uses  at  large 
of  our  natural  streams  include  their  use  as  means  of 
disposing  of  wastes.  Only  their  use  for  human  consump- 
tion and  their  use  for  the  production  of  food  supply  take 
precedence  of  their  use  for  waste  disposal. 
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OPPORTUNITIES    FOR   ENGINEERS    AS   WATER 
WORKS  SUPERINTENDENTS. 

Due  to  the  "spoils  system"  in  American  politics  the 
heads  of  municipal  departments  have  usually  lacked  tech- 
nical training.  Often  they  have  had  no  training  at  all, 
save  that  of  the  ward  politician.  Fortunately  this  state 
of  affairs  has  been  on  the  mend  for  several  years,  but 
much  still  remains  to  be  done  before  the  public  will 
universally  insist  that  municipal  positions  of  a  technical 
nature  shall  be  filled  by  technically  trained  men. 

To  those  who  are  at  all  conversant  with  the  problems 
of  managing  a  municipal  water  works,  it  is  apparent  that 
a  water  works  superintendent,  to  be  most  efficient,  should 
have  a  considerable  knowledge  of  engineering.  By  this 
we  do  not  imply  the  necessity  of  possessing  an  engineer- 
ing degree.  We  do  insist  that  a  manager  of  any  plant 
of  an  engineering  nature,  such  as  a  water  works,  falls 
short  of  attainable  efficiency  unless  he  is  decidedly  well 
versed  in  the  general  nature  of  the  technical  problems 
involved  in  designing  and  operating  the  plant.  An  engi- 
neer possessed  of  executive  ability  and  energy  is  there- 
fore more  likely  to  make  an  ideal  water  works  superin- 
tendent than  an  executive  lacking  engineering  knowledge. 

The  old  popular  conception  of  engineering  as  being 
purely  a  process  of  designing  and  laying  out  plants  is 
fast  giving  way  to  a  broader  conception  of  engineering. 
Even  the  present  world  war  is  teaching  the  public  that 
modern  battles  are  mostly  won  by  engineering — the  engi- 
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neering  of  transportation  as  well  as  the  engineering  of 
death  dealing  machinery. 

Management  engineering,  or  scientific  management,  has 
come  to  be  recognized  as  a  branch  of  engineering.  The 
publicity  that  it  has  received  in  the  last  half-dozen  years 
has  served  to  make  it  easier  for  engineers  to  secure  man- 
agerial positions. 

Engineers  of  all  classes  are  organizing  to  educate  the 
public  as  to  the  efficiency  of  scientific  attack  on  all  prob- 
lems of  industrial  and  political  nature.  Engineers  in  the 
West  and  South  have  thus  far  led  in  this  movement,  but 
the  spread  of  the  propaganda  to  all  parts  of  America  is 
rapidly  taking  place.  Accordingly  there  never  was  more 
opportune  time  than  the  present  for  organized  effort  on 
the  part  of  local  engineering  associations  to  secure  public 
approval  of  methods  of  lifting  such  positions  as  the 
superintendence  of  water  works  out  of  politics. 

If  engineering  societies  and  associations,  however  small, 
will  but  go  to  the  public  with  their  facts  and  arguments 
favoring  civil  service  examinations  for  all  holders  of 
executive  positions  in  city  water,  sewer  and  highway 
departments,  they  will  meet  with  a  large  measure  of 
success.  Engineering  societies  might  well  offer  to  conduct 
the  civil  service  examinations  themselves,  submitting  to 
the  mayor  or  city  commissioners  lists  of  the  most  satis- 
factory applicants  who  have  passed  the  examinations, 
from  which  lists  of  eligibles  the  mayor  or  city  commis- 
sioners would  make  the  final  choice. 

Incidentally,  also,  local  engineering  associations  should 
strive  to  secure  salaries  for  water  works  superintendents 
and  others  commensurate  with  the  importance  of  the 
positions. 


SAVING  CITY  WATER. 


In  six  continuous  weeks  less  than  two  inches  of  rain 
has  fallen  in  the  country  around  Chicago.  Within  a  ring 
a  few  miles  wide  fringing  the  city  limits  are  hundreds  of 
acres  of  truck  gardens.  Within  the  city  boundaries  are 
thousands  of  grass  plots  and  beds  of  flowering  plants  and 
thousands  of  back-yard  vegetable  patches.  All  through 
the  city  the  school  children  have  been  allotted  vacant  lots 
and  encouraged  to  plant  and  cultivate  them.  Traveling 
to  and  from  business  one  sees  the  small  people  at  their 
work.  At  the  city's  doorstep  is  an  inexhaustible  lake  of 
water.  From  it,  like  arteries,  e.xtend  conduits  carrying 
the  water  miles  in  all  directions  landward  to  the  very 
boundaries  of  the  city.  But  the  truck  gardens  exhibit  a 
stunted  vegetation,  the  grass  plots  and  flower  beds  pre- 
sent rusty  blades  and  withered  blossoms.  Because  there 
have  been  no  showers  the  plants  have  been  deprived  of 
the  little  water  that  would  have  made  them  flourish  and 
bloom  and  bear  fruit. 

Chicago  people  are  large  consumers  of  water.  They 
consume  some  200  gal.  per  person  each  24  hours.  The 
managers  of  the  city's  waterworks  rather  deplore  these 
figures.  There  is  wasteful  use,  they  say.  They  tell  at 
how  much  less  cost  they  could  operate  the  city  pumping 
plants  were  the  daily  consumption  as  small  as  it  is  in 
many  European  cities.  As  far  as  may  be  they  put  re- 
strictions on  use  of  water  for  irrigating  lawns  and 
gardens.  They  are  logical  in  taking  this  action.  All  theory 
and  practice  of  city  water  supply  supports  the  principle 
that  water  is  to  be  used  sparingly.  It  is  a  treasure  to 
be  hoarded  and  not  a  commodity  to  be  distributed  in  the 
largest  quantities  possible.  This  is  not  the  thought  in  the 
supply  of  the  two  other  commodities  almost  as  universally 
used- — gas  and  electric  current.  Their  use  is  encouraged 
in  every  way  that  alert  sales  managers  can  devise.  And 
these  managers  do  not  encourage  waste ;  they  on  the  con- 
trary spend  much  money  each  year  in  the  devising  of 
household  appliances  to  reduce  waste.  They  employ  men 
to  visit  consumers  and  instruct  them  in  waste-saving 
methods  of  using  light  and  heat  and  power.  And  in  a 
decade  the  unit  cost  of  gas  and  electric  current  has  de- 
creased to  a  far  greater  extent  than  has  the  cost  of  water. 

Like  gas  and  electric  current,  the  consumption  of  water 
should  be  encouraged.     Its  use  for  lawn  sprinkling,  for 
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garden  irrigation,  for  every  other  economic  purpose 
should  be  increased  by  all  means  that  the  ejperts  can  de- 
vise. Instead  of  placing  restrictions  on  consumption  to 
reduce  pump  installation  and  pipe  line  investment,  these 
investments  should  be  enlarged  to  encourage  increased 
consumplion  of  water.  If  for  six  weeks  past  the  clouds 
had  blotted  out  from  Chicago  the  sunlight  no  citizen 
would  have  gone  without  the  light  he  needed  for  his  work. 
For  six  weeks  the  sun  has  driven  the  rain  clouds  from 
the  sky  and  every  garden  and  grass  plot  and  flower  bed 
has  withered  for  want  of  water. 


A     CONSTRUCTION     RAILWAY     VS.     A     MOTOR 
TRUCK  ROAD  TO  THE  HETCH  HETCHY  DAM. 

In  building  the  Hetch  Hetchy  dam  for  the  new  water 
supply  for  San  Francisco,  it  has  been  decided  by  Mr. 
M.  M.  O'Shaughnessy,  city  engineer,  that  hauling  the 
materials  for  the  dam  can  be  accomplished  more  cheaply 
by  rail  than  by  motor  trucking.  But  his  published  esti- 
mates of  the  ton-mile  costs  by  no  means  convince  us  that 
railway  haulage  is  cheaper  than  motor  truck  haulage 
under  the  given  conditions. 

It  is  stated  that  225,000  tons  of  materials  must  be  hauled 
to  the  dam  a  distance  of  60  miles,  and  that  a  60-mile  rail- 
way can  be  built  for  $1,665,000,  or  $27,750  per  mile.  The 
cost  of  operating  and  maintaining  the  railway,  whose 
maximum  grade  is  to  be  4  per  cent,  is  estimated  at  7  ct.  a 
ton-mile.  Hence  the  operating  cost  of  hauling  the  225,000 
tons  60  miles  would  be  $954,000.  About  $600,000  of  the 
$1,665,000  invested  in  the  railway  roadbed  would  be  sub- 
sequently available  for  a  29-mile  stretch  of  wagon  road 
that  must  be  built  anyway,  so  it  is  estimated  that  $1,065,- 
000  represents  the  value  of  the  railway  roadbed  that  must 
be  charged  off  against  the  hauling  of  the  225,000  tons, 
making  a  grand  total  of  $2,019,000  or  nearly  15  ct.  per  ton- 
mile  as  the  cost  of  rail  haulage. 

The  shortest  haul  by  wagon  roads  is  55  miles,  and  the 
grades  in  many  places  are  very  heavy.  It  is  estimated  by 
Mr.  O'Shaughnessy  that  motor  truck  haulage  over  the 
existing  bad  roads  would  cost  25  ct.  per  ton-mile,  or  a 
grand  total  of  $.3,095,000  for  motor  truck  haulage  of  the 
225,000  tons,  inclusive  of  maintenance  of  the  roads.  Ac- 
cording to  Mr.  O'Shaughnessy's  report: 

"It  therefore  appears  that  there  is  a  balance  in  favor  of 
the  railroad  haul  amounting  to  $1,085,000." 

As  stated  above,  these  estimates  seem  to  us  to  be 
inconclusive,  first  because  no  estimate  is  given  of  the 
cost  of  motor  trucking  over  roads  graded  and  surfaced 
especially  for  the  job,  second  because  the  assumption  of 
25  ct.  per  ton-mile  is  almost  double  the  prevailing  con- 
tract price  of  motor  trucking  over  dirt  roads  in  California. 

Doubtless  Mr.  Shaughnessy  has  data  to  prove  a  25  ct. 
cost  per  ton-mile  in  some  given  case,  but  it  is  rather 
unsafe  to  base  an  estimate  for  work  of  this  magnitude 
on  any  single  experience,  particularly  if  that  experience 
was  itself  based  on  the  performance  of  only  a  few  trucks 
under  abnormally  bad  conditions. 

Before  proceeding  to  build  a  million  and  a  half  dcjllar 
railway  to  haul  less  than  a  quarter  of  million  tons,  would 
Mr.  Shaughnessy  not  be  wise  to  consult  the  engineers  of 
the  California  Highway  Commission?  Would  he  not  be 
wise  also  to  consult  the  manufacturers  of  motor  trucks 
and  men  experienced  in  operating  trucks?  May  it  not 
be  advisable  to  build  a  good  road  to  the  Hetch  Hetchy 
dam  for  permanent  use  after  the  dam  is  finished? 

Motor  trucking  is  becoming  a  specialty  and  we  believe 
if  Mr.  Shaughnessy  will  consult  some  of  the  experts  on 
the  subject — many  of  whom  are  Californians — his  plans 
may  be  changed  entirely. 

To  mention  but  one  of  several  feasible  plans  for  greatly 
reducing  the  cost  of  motor-trucking  where  a  large  volume 
of  tonnage  is  to  be  hauled  up  steep  grades,  we  may  sug- 
gest the  following:  So  locate  the  motor  truck  road  that 
there  will  be  long  stretches  of  com.paratively  level  road 
connected  by  short  stretches  of  very  steep  road.  Provide 
"pusher"  traction  engines  at  each  of  these  steep  grades  to 
aid  a  truck  with  a  trailer. 
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With  a  tonnage  as  large  as  225,000  tens  to  be  hauled  55 
or  60  miles,  it  may  pay  to  lay  concrete  "rails"  most  of 
the  distance,  providing  a  single  track  roadway  with  turn- 
outs at  intervals.  The  "rails"  may  be  two  lines  of  concrete, 
each  8  in.  thick  by  24  in.  wide,  forming  a  trackway. 
Upon  such  a  trackway,  and  with  adequate  machine  shop 
facilities  for  keeping  the  fleet  of  trucks  in  repair  we  be- 
lieve it  may  be  possible  to  cut  the  trucking  cost  well  below 
15  ct.  per  ton-mile,  inclusive  of  the  cost  of  the  trackway 
and  the  grading  therefor. 


WHAT    DOES   ONE    LOOK   AT   NIAGARA    FALLS 
COST  SOCIETY? 

In  round  numbers  3,000,000  horsepower  of  energy  flows 
to  waste  at  Niagara.  At  least  it  would  be  called  waste 
were  it  not  for  the  fact  that  about  1,000,000  people  view 
it  annually.  This  great  natural  moving  picture  costs 
society  the  value  of  three  annual  horsepower  per  "seat" 
at  the  show.  If,  then,  we  ascertain  the  value  of  a  horse- 
power of  waterpower  we  shall  know  what  it  costs  society 
to  furnish  each  visitant  one  good  look  at  Niagara  Falls. 

Appraisals  of  waterpower  values  have  ranged  from 
nil  to  more  than  $100  per  horsepower.  Without  going 
into  a  careful  calculation  it  may  be  conservatively  esti- 
mated that  Niagara  Falls  power  is  worth  to  society  full\ 
$50  per  horsepower  per  annum.  It  follows,  theh,  that  each 
observer  is  indebted  to  society  for  $150  every  time  he 
visits  the  great  falls. 

Is  it  chimerical  to  suggest  combining  ethics  and  econom- 
ics? Might  not  the  million  annual  visitors  to  this  great- 
est of  cataracts  secure  their  thrills  at  less  than  $150  per 
look?  Could  it  not  be  arranged  that  for,  say,  one  hour 
each  day  the  entire  volume  of  water  be  allowed  to  flow 
over  the  great  brink,  and  for  the  remaining  23  hours  let 
it  run  through  shafts  and  tunnels  upon  turbines?  This 
would  bring  the  cost  of  a  look  at  the  falls  down  to  about 
$7 — the  price  of  three  theatre  tickets  instead  of  the 
price  of  si.x  suits  of  clothes. 

But,  some  one  may  urge,  who  would  come  hundreds  of 
miles,  just  for  one  hour's  pleasure?  Do  this  thing  that 
you  propose  and  the  audience  will  stay  away.  Hardly, 
for  the  gorge  itself  is  a  royal  vision  at  all  times,  and  then 
if  there  be  those  who  insist  upon  a  continuous  perform- 
ance of  the  falls  themselves,  why  not  give  it  to  them  in  a 
grand  amphitheatre  where  a  screen  100  ft.  long  would 
picture  the  "roaring  waters"  in  all  save  the  roar. 

Jesting  aside,  it  is  a  very  high  price,  a  price  unneces- 
sarily high,  that  Canada  and  America  are  paying  for  trips 
to  Niagara  Falls.  Let  us  have  a  little  real  social  engineer- 
ing brought  to  bear  on  this  esthetic-economic  problem  and 
we  shall,  without  doubt,  find  a  way  to  utilize  nearly  all 
the  power  now  wasted  at  Niagara,  yet  not  deprive  man- 
kind of  its  heritage  of  beauty  and  grandure. 


EDITORIAL  PARAGRAPHS. 


Precision  and  absurdity  become  inextricably  mixed  in 
many  hydraulic  computations.  When  inherent  uncertain- 
ties range  around  5  to  15  per  cent  in  determining  con- 
sumption, stream  flow,  run-off,  reservoir  capacity,  etc.,  it 
is  pure  absurdity  to  use  many  significant  figures  in,  writ- 
ing results.  Precision  _is  satisfied  sufiiciently  when  tens 
of  thousands  of  gallons' or  second  feet  are  made  the  limit 
for  consideration. 
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total  life  of  24  years  for  it.    What  its  full  life  will  be  no 
one  can  more  than  guess. 


America  is  the  land  of  the  pressure  tunnel  for  water 
supply.  A  rough  count  schedules  over  30  tunnels  that 
come  within  this  classification,  and  none  but  tunnels  for 
potable  water  supply  were  counted.  For  water  power  and 
irrigation  there  must  be  a  great  many  more.  Incidentally 
the  Catskill  Aqueduct  has  eight  pressure  tunnels,  none 
less  than  11  ft.  in  diameter,  aggregating  35>-  miles  in 
length. 


WATER   WORKS    AND    HYDRAULICS    MONTHLY 
ISSUE  AN  EX(  ELLENT  IDEA. 

To  the  Editors:  In  regard  to  your  proposed  scheme  by 
which  you  publish  a  special  issue  devoted  to  water  works 
and  hydraulics  every  month,  I  wish  to  say  that  I  think 
that  this  is  an  excellent  idea.  It  has  been  necessary  for 
us  in  the  past — for  those  of  us  who  attempted  to  keep 
up-to-date  on  water  works  problems — to  burden  our  files 
with  an  enormous  amount  cf  engineering  material  which 
did  not  concern  us  in  any  degree. 

Yours  very  truly, 

Jack  J.  Hinman,  Jr., 
Sr.  Water  Bacteriologist  and  Chemist, 
State  Board  of  Health. 
Iowa  City,  la.,  July  19,  1916. 


A   FOUR-TRACK  PERIODICAL. 

To  the  Editors:  Please  enter  my  subscription  for  your 
four-track  periodical.  For  ten  years  I  have  found  Engi- 
neering and  Contracting,  with  all  the  variations  in  its 
visible  forms,  the  only  sine  qua  non  in  my  battle  with 
and  against  humanity  on  the  one  hand  and  things  ele- 
mental on  the  other.  While  I  was  satisfied  with  your 
arrangement  heretofore  of  matter  presented,  I  am  a  little 
bit  dubious  as  to  the  satisfactory  operation  of  the  four- 
track.  For  my  own  part,  I  want  to  operate  on  all  four, 
and  I  don't  see  why  any  consistent  subscriber  would 
care  to  limit  himself.  I  have  never  been  a  producer  of 
engineering  literature,  cannot  offer  anything  like  con- 
structive criticism  to  an  editor,  but  to  me,  a  consumer, 
monthly  has  ever  been  too  few  and  far  between,  and  if 
you  do  not  carry  a  better  lazy  man's  index  in  the  future 
than  you  have  in  the  past  I  can  see  that  I  shall  have  to 
become  less  mnemonic  in  my  reference  system. 

Be  that  as  it  may,  you  get  my  $3.  I  am  glad  you  are 
not  retailing  this  new  system  at  $1  per  C.  without  re- 
bates. And  while  chatting  I  might  express  my  gratitude 
at  a  continuation  of  the  same  size  of  page.  I  prefer 
the  old  smaller  page  of  a  couple  of  years  ago,  but  am  glad 
(once  more)  that  the  new  system  will  not  require  more 
wddth  and  breadth  to  shelve.  I  don't  suppose  any  great 
percentage  of  your  subscribers  carry  Engineering  and 
Contracting  folded  once  in  a  coat  pocket  to  take  quarter 
or  half  hour  snatches  at  as  I  do,  so  thought  I  would  take 
the  above  shot  from  the  library  position. 

In  conclusion   I  wish  to  commend  the  good  work  you 
are  doing  both  for  the  status  and  the  calling  of  engineers, 
and  wish  for  Engineering  and  Contracting  a  continued 
full  measure  of  the  success  which  it  deserves. 
Yours  truly, 

C.  P.  Keyser. 

1147  E.  Yamhill  St.,  Portland,   Ore. 


Wood  stave  pipe  laid  in  Butte,  Mont.,  24  years  ago, 
is  still  in  good  condition.  Yet  when  that  pipe  was  laid 
there  were   few  engineers   who  would   have   predicted  a 


"WATERWORKS  HANDBOOK."* 

One  author  collects  from  engineering  experience  all 
knowledge  available,  transmutes  it  in  the  laboratory  of 
his  brain  and  produces  a  volume  of  general  principles, 
laws  and  rules  for  performing  an  engineering  task.  An- 
other author  selects  from  recorded  engineering  experience 
the  items  of  knowledge  and  opinion  regarded  by  him  as 
most  worthy  and  arranges  them  in  logical  order  and 
systematic  form  to  make  a  book  complete  in  its  discussion 
of  a  selected  subject.  A  book  of  the  first  kind  was  re- 
viewed two  weeks  ago  in  our  Bridges  and  Structures 
Monthly  Issue.  Here  we  review  a  volume  of  the  second 
kind  and  one  that  is  truly  notable  in  its  class  on  its 
subject. 

Waterworks  engineering  has  perhaps,  next  to  structural 
engineering,  been  the  subject  of  more  books  than  any 
other  branch  of  the  civil  engineer's  work.  It  has  been  the 
last  branch  of  his  work  selected  by  the  civil  engineer  as 


•Waterv.orl-s  Handbook. — Bv  .Alfred  D.  Flinn.  Robert  Spurr  Weston 
and  CUntcn  L.  Bogert.  Xew  York.  McGraw-Hill  Book  Co.  Flexible 
cloth;    6x9    in.;    pp.    S24;    illustrated;    $6. 
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an  author  to  be  diBcussed  in  a  comprehensive  treatise  as 
of  present  date.  Irrigation  engineering  has  its  modern 
treatise;  sewerage  practice,  bridge  engineering,  reinforced 
concrete  design  and  construction  has  each  within  a  year 
or  two  had  its  complete  treatise.  The  waterworks  book 
before  us  is  labled  a  handbook,  but  in  volume  of  matter 
and  thoroughness  of  treatment  it  is  equivalent  to  any  of 
these  named  treatises.  The  book  has  801  te.xt  pages,  38 
chapters,  311  numbered  tables  and  411  numbered  illustra- 
tions. By  means  of  a  small  type  and  carefully  condensed 
drawings  the  volume  of  text  is  much  larger,  than  in  most 
books,  per  page  occupied.  Judging  by  the  eye  its  800  pages 
are  equivalent  to  at  least  a  thousand  pages  of  the  ordinary 
book  type.  Its  index  of  44  page  long  columns  is  one  of  the 
most  complete  published  in  a  book  on  engineering.  Of  the 
authors,  Mr.  Flinn  is  deputy  chief  engineer  of  the  Board  of 
Water  Supply  of  New  York,  and  Mr.  Bogert  is  an  assistant 
engineer  of  the  same  organization.  Mr.  Weston  is  a  consult- 
ing sanitary  engineer  of  high  standing  and  long  exper- 
ience. We  have  named  these  gentlemen  authors;  they 
name  themselves  modestly,  compilers,  and  their  book,  a 
"usable  compilation."  We  would  add  that  the  book  is  a 
notably  useful  and  complete  compilation. 

Scheduling  the  subjects  treated  in  a  book  of  such  size 
and  scope  is  a  task  that  cannot  be  accomplished  in  limited 
space.  There  are  five  "parts"  to  the  book:  (I)  Sources  of 
Water  Supply;  (II)  Collection  of  Water;  (III)  Transpor- 
tation and  Delivery  of  Water;  (IV)  Distribution  of  Water; 
(V)  Character  and  Treatment  of  Water.  The  chapters 
carry  the  reader  from  the  falling  rain  to  the  testing  of 
the  filter  effluent.  Of  these  chapters  some  are  of  more 
notable  length  and  quality.  The  chapters  on  dams,  on 
wells,  on  plate  metal  pipes,  on  pumps  and  pumping  sta- 
tions are  particularly  noteworthy.  Another  feature  of 
the  book  is  the  thoroughness  with  which  it  covers  the  use 
of  cement  and  concrete  in  waterworks  construction.  A 
separate  chapter  is  devoted  to  hydraulic  computations  and 
there  is  another  on  capacity  and  conversion  tables.  These 
additional  chapters  are  noted  since  they  characterize  this 
book  as  primarily  a  reference  book.  The  user  is  assumed 
to  have  f&miliarity  with  mathematics,  hydraulics,  the 
natural  sciences  and  with  ordinary  waterworks  construc- 
tion and  maintenance  problems.  The  book  is  not  a  text 
book  and  herein  is  its  virtue  as  compared  with  most  water- 
works books. 


PUMPING  WATER  FROM  WELLS  ON  THE  SALT 
RIVER  PROJECT. 

There  are  in  operation  on  the  Salt  River  Project,  Ari- 
zona, nine  pumping  plants  which  pump  water  from  an 
underground  supply. 

The  character  of  the  formation  of  soil  is  as  follows : 
For  the  first  150  ft.  the  material  consists  of  alternating 
layers  of  adobe,  clay  and  dry  sand,  varying  in  thickness 
from  4  to  40  ft.;  for  the  next  122  ft.,  the  material  consists 
of  first-class  water  gravel  and  bowlders;  the  la.st  3  ft.  to 
a  total  depth  of  275  ft.  consist  of  gravel  and  bowlders 
with  a  trace  of  mud. 

The  diameter  of  the  casings  used  is  16  in.  and  the  depth 
of  water  from  the  surface  is  about  36  ft.  The  casings  are 
perforated  for  a  depth  of  150  to  272  ft.  with  four  holes  V2 
in.  wide  by  10  in.  long,  spaced  30  in.  apart  vertically.  The 
effective  area  of  all  of  these  perforations  in  any  one  cas- 
ing is  6.8  sq.  ft. 

At  each  plant  three  drilled  wells  from  200  to  300  ft.  in 
depth,  located  in  a  straight  line,  spaced  30  ft.  apart,  are 
connected  by  tunnel  to  the  pump  located  in  a  caisson 
which  is  from  38  to  53  ft.  in  depth.  Provision  is  made  for 
sand  pumping  any  single  well  without  interfering  with 
the  operation  of  the  others. 

These  plants  have  all  been  in  operation  for  over  three 
years  and  no  trouble  has  been  experienced  from  pipes  get- 
ting clogged  with  sand.  A  very  small  amount  of  sand  is 
pumped  immediately  after  starting  up  a  plant,  but  after 
running  a  few  minutes  the  water  is  perfectly  clear. 


LEONARD    METCALF,    PRESIDENT    AMERICAN 
WATER  WORKS  ASSOCIATION. 

Leonard  Metcalf,  Consulting  Engineer  of  the  firm  of 
Metcalf  &  Eddy,  Boston,  Mass.,  was  elected  President  of 
the  American  Water  Works  Association  at  its  convention 
held  in  New  York  City  in  May,  1916.  In  1915  Mr.  Metcalf 
served  as  president  of  the  New  England  Water  Works 
Association.    He  is  a  graduate  of  the  Massachusetts  In- 


stitute of  Technology  and  is  46  years  old.  His  experience 
in  water  works  and  sewerage  engineering  has  been  ex- 
tended, the  firm  of  which  he  is  a  member  having  designed 
and  constructed  and  served  in  consulting  capacity  on 
many  of  the  most  important  undertakings  of  the  last 
decade.  As  engineers  for  the  Boston  Finance  Commission 
this  firm  made  a  study  of  municipal  services  which  stands 
unique  in  excellence  among  investigations  of  this  char- 
acter. In  recent  years  Mr.  Metcalf  has  devoted  much 
attention  to  water  works  valuation  and  has  become  a  lead- 
ing authority  on  the  subject. 


COST  OF  OPERATING  A  FORD  CAR  FOR  THREE 
YEARS. 

During  the  years  1913  to  1915  inclusive  a  Ford  touring 
car  (20  h.p.)  of  1912  model  was  used  on  the  Grand 
Valley  project  of  the  U.  S.  Reclamation  Service.  It  trav- 
eled 14,200  miles  at  the  following  average  operating  cost 
per  mile: 

Cts. 

Gasoline    1.21 

Oil    0.25 

Tires   1.63 

Repairs    '■..% 4.82 

Total     7.91 

The  depreciation  suffered  during  this  3-yr.  period  is 
estimated  to  be  about  $445  or  3.1  ct.  per  mile  in  addition 
to  the  above.  Interest  on  the  investment  would  be  about 
0.7  ct.  per  mile.  Garage  expense  was  nearly  0.8  ct.  per 
mijle.  This  makes  a  grand  total  cost  of  15.6  ct.  per  mile 
for  an  average  of  4,730  miles  per  year. 

It  will  be  noted  that  repairs  and  depreciation  were 
both  very  high,  which  indicates  that  the  road  conditions 
were  severe.  In  1915  the  machine  traveled  about  17  miles 
on  a  gallon  of  gasoline  and  230  miles  on  a  gallon  of  oil. 
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Interior  View  of  Filter  Operating  GaMery  of  the  Erie.  Pa..  Waterworks. 


VALUE  OF  DECORATION  OF   FILTER  OPERAT- 
ING GALLERIES. 

The  operating  galler>-  of  a  modern  water  filtration  plant 
is  essentially  utilitarian  in  purpose.  To  serve  this  pur- 
pose it  needs  to  be  kept  clean  and  sanitarj-  and  the  con- 
struction needs  to  Be  of  a  character  that  will  facilitate 
sanitation.  Embellishment  is  not  a  requirement  for  suc- 
cessful and  sanitary  operation.  There  is,  however,  a 
value  in  embellishment.  The  operating  gallerj"  of  a  filter 
plant  and  the  laboratorj-  of  a  filter  plant  are  practically 
the  only  working  parts  of  the  plant  to  which  the  con- 
sumer has  access.  They  are  the  only  visual  exhibits  of 
the  mechanism  of  filtration,  a  mechanism  of  which  the 
average  consumer  has  little  understanding.  Any  favor- 
able impression  that  the  visitor  may  receive  of  the  efii- 
ciency  of  this  mechanism  must  come  through  the  eye. 
In  this  manner  embellishment  has  value.  As  an  e.xample 
the  operating  gallery  of  the  filter  plant  at  Erie,  Pa.,  is 
illustrated.  No  engineer  need  be  told  that  the  carpeting, 
the  potted  plants,  the  fountain,  the  nickel  and  enamel 
operating  tables,  the  silvered  radiators,  etc.,  are  unneces- 
sary to  perfect  purification.  Were  none  of  these  embel- 
lishments present  the  water  delivered  at  the  consumer's 
taps  would  be  just  as  pure  and  sparkling.  Would,  how- 
ever, the  consumer  visitor,  not  seeing  these  embellish- 
ments and  the  immaculate  cleanliness  ever>-where  pre- 
vailing be  so  thoroughly  convinced  of  the  perfection  of 
his  tap  water?  He  most  certainly  would  not  be  and 
herein  is  the  value  of  the  embellishments  seen  in  the 
view  shown.  Mr.  Edward  W.  Humphreys  is  superintend- 
ent of  water  works  of  Erie,  Pa. 


SAND  BLASTING  AND  PAINTING  STEEL  WATER 
TANK. 

The  tank  forms  an  extra  high  service  reservoir  and  is 
100  ft.  in  diameter  and  441^4  ft.  high  and  held  2,500,000 
gal.  It  is  part  of  the  system  of  the  Metropolitan 
Water  '  District  of  Massachusetts,  and  had  been  in 
service  about  two  months  when  the  painting  was  be- 
gun. The  contractors  for  the  work  were  the  W.  L. 
Waples  Co.,  Boston,  Mass.  The  plant  used  consisted 
at  first  of  a  20-h.p.,  gasoline  engine  driven  air  com- 
pressor, a  compressed  air  reservoir,  two  lines  of  air 
hose  and  two  nozzles.  Sand  blasting  was  stopped  in 
the  latter  part  of  the  afternoon  of  each  day  and  the 
cleaned  surfaces  were  painted  before  rusting  commenced. 
The  force  employed  included  1  foreman,  2  painters,  who 
also  did  sand  blasting,  and  1  helper.  This  force  could 
sand  blast  and  paint  an  area  of  about  330  sq.  ft.  per  day. 
Later,  in  order  to  increase  the  rate  of  progress,  a  second 
compressor,  operated  by  an  automobile  engine,  was  in- 
stalled on  April  19.  The  entire  inside  and  outside  surface 
of  the  tank,  having  an  area  of  35,650  sq.  ft.,  was  sand 
blasted  and  painted.  Work  was  begun  on  March  30  and 
was  completed  June  14.  with  the  exception  of  the  third 
coat  on  the  outside,  which  has  been  deferred  until  after 
the  masonry  tower  which  encloses  the  tank  is  completed. 
All  painting  materials  were  furnished  by  the  department, 
but  were  mixed  by  the  contractor  under  the  direction  of 
the  engineer.  For  the  inside  of  the  tank  National  Lead 
Co.'s  red  lead  in  oil  paste,  litharge  and  Spencer-Kellogg  & 
Son's  boiled  linseed  oil  were  used;  the  first  coat  natural 
color,  the  second  and  third  coats  tinted  with  lamp  black 
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in  oil.  For  the  outside  of  the  tank  red  lead  paste,  raw 
linseed  oil  and  drier  were  used  for  the  first  coat,  and  for 
the  second  coat  white  lead,  raw  linseed  oil,  turpentine  and 
drier  tinted  with  lamp  black  were  used.  One  gallon  of  red 
lead  paint  was  sufficient  to  cover  700  sq.  ft.  of  surface 
with  one  coat.  The  sub-contractor's  price  for  sand  blast- 
ing and  painting  the  tank  was  $1,600. 


COST  OF  STRUCTURES  OF  THE  SECOND  UNIT 

OF    THE    DODSON    NORTH    CANAL,    MILK 

RIVER      IRRIGATION      PROJECT, 

MALTA,   MONT. 

.       Contii'oiitcd   l.y    .\.    K.    Bechtel.    Salt    Lake   City,    I'tali. 

I. 

There  were  a  number  of  different  classes  of  structures: 
spillways,  concrete  bo.x  culverts,  vitrified  and  cast  iron 
pipe  culverts,  wooden  bridges,  turnouts,  checks,  flume, 
etc.  All  of  the  materials  for  the  work,  excepting  sand  and 
gravel,  were  furnished  by  the  government  at  the  railroad 
station  most  convenient  to  the  work,  the  contractor  being 
held  responsible  for  them  after  delivery  at  these  points. 
The  sand  and  gravel  was  obtained  in  the  coolies  along 
the  work,  hauled  to  the  structures  and  tl^ere  screened  by 
hand  before  being  used.  The  quality  was  good  but  the 
supplv  was  not  very  large,  it  being  necessary  sometimes 
to  cover  considerable  area  to  get  the  amount  required. 
Boulders  for  the  paving  were  picked  up  along  the  foot 
hills  near  by. 

Equipment. — The  equipment  used  on  the  structures 
consisted  of  a  Milwaukee  10  cu.  ft.  steam  mixer,  a  Van 
Dusen  6  cu.  ft.  gasoline  mixer,  each  with  elevating 
loaders,  together  with  such  other  equipment  as  is  common 
to  this  class  of  work.  The  concrete  was  mixed  by  machine 
except  on  the  small  structures  where,  on  account  of  the 
cost  of  moving  the  mixer,  it  was  found  to  be  more 
economical  to  mix  by  hand. 

The  reinforcing  steel  v.  as  cut  and  bent  in  the  yard  (see 
Fig.  1),  from  cutting  lists  furnished  by  the  engineers, 
tagged  and  hauled  to  the  structures  as  it  was  needed. 

The  lumber  for  the  bridges  and  bulkheads  whs  hauled 
from  the  cars  to  the  yard,  and  afterwards  .distributed  to 
the  work  as  needed,  while  the  lumber  for  the  checks, 
turnouts  and  flume  was  cut  up  in  the  yard  from  diagrams 
with  a  power  saw,  then  hauled  and  erected  on  the  work. 
Description. — The  reinforcing  steel  was  square  twisted 
bars,  cut  and  bent  to  conform  to  the  structures,  generally 
placed  about  2  in.  from  the  surface  of  the  concrete,  about 
80  lb.  being  used  per  cubic  yard  of  concrete.  Structural 
steel  was  used  in  the  checks  and  spilhvays. 

Rubble  concrete  and  dry  paving  were  placed  on  the 
embankment  slopes,  on  the  beds  and  banks  of  canals. 
and  on  other  water  courses  of  the  structures. 

The  method  of  construction  of  rubble  concrete  paving 
was  as  follows:  After  the  sub-grade  was  prepared,  4  in. 
of  concrete  was  spread,  into  which  boulders  were  im- 
bedded with  close  joints,  by  hand.  Over  this  a  mortar 
consisting  of  3  parts  of  sand  and  1  part  of  cement  was 
brushed  to  fill  the  voids.  The  paving  when  complete,  was 
about  9  in.  thick  (see  Fig.  2). 

The  dry  paving  was  similar  to  rubble  except  that  sand 
and  gravel  was  placed  in  a  layer  6  in.  thick  in  place  of 
concrete  and  larger  stones  imbeded  in  it,  then  sand  and 
gravel  brushed  over  the  top,  making  the  paving  12  in. 
thick. 

The  method  used  in  designating  the  location  of  the 
structures  was  to  number  them  in  relation  to  their  loca- 
tion on  the  canals  or  laterals.  For  example  structure  545 
would  be  located  at  station  545  on  the  main  canal,  1210-2 
would  signify  station  2  on  lateral  1210  which  branched  off 
from  the  main  canal  at  station  1210. 

Spillways. — At  the  points  where  the  canal  crossed  water 
courses,  where  the  amount  of  water  during  the  flood  sea- 
son was  too  great  to  be  taken  care  of  by  placing  culverts 
under  the  canal,  spillways  were  constructed.  These  were 
of  two  general  types.  In  a .  spillway  of  the  first  type, 
water  entered  at  the  upper  bank  of  the  canal  and  passed 


out  at  the  lower  bank  without  materially  increasing  the 
water  level  of  the  canal.  The  second  type  may  be  desig- 
nated as  the  automatic  type.  With  the  automatic  spillway 
it  was  possible  to  drain  the  canal,  or  to  keep  the  water  at 
a  uniform  depth  by  means  of  gates  which  were  controlled 
by  water  pressure  at  a  fixed  level. 

Spillways  of  the  first  type  were  not  complex  in  their 
construction,  being  made  for  the  most  part  of  dry  and 
rubble  concrete  paving  on  the  sides,  slopes,  and  bottom 
of  the  canal.  At  the  lower  side  or  outlet,  was  placed  a 
structural  steel  check,  with  flash  boards  to  control  the 
height  of  the  water.  The  second  type  (see  Fig.  3)  were 
similar  to  the  first  in  construction  with  the  exception  of 
the  spillway  proper,  which  was  of  concrete  with  from  two 
to  eight  openings  built  across  the  outlet,  equipped  with 
steel  gates,  which  were  controlled  automatically  by  the 
water  pressure  in  the  canal,  thus  keeping  the  canal  at  a 
uniform  level. 

The  automatic  spillways  were  constructed  as  follows: 
The  excavation  was  first  done  in  the  rough  with  teams 
and  scrapers,  after  which  the  canal  bottom,  and  slope 
were  finished  by  hand  to  lines.  While  the  paving  gang 
were  placing  the  paving  the  carpenters  erected  the  forms 
Then  after  the  concrete  was  poured  and  the  forms 
stripped,  the  back  filling  was  done,  and  the  paving  com- 
pleted near  the  concrete,  and  on  the  bottom  and  slopes 
of  the  outlet. 

Before  any  work  was  done  on  the  automatics,  two  sets 
of  forms  were  made.  Each  of  the  structures  was  a  little 
different,  having  a  different  number  of  openings,  but  as 
the  openings  were  the  same  size  the  forms  were  made  in 
units  so  that  it  was  necessary  only  to  use  the  number  f* 
units  rquired.  The  sections  were  put  together  with  pins, 
and  they  were  very  easily  collapsed.  The  piers  were 
1  ft.  thick  with  6  in.  slabs. 

Box  Culverts. — Five  box  culverts  (see  Figs.  4  and  5) 
were  buiit  where  the  main  canal  passed  under  tha  Great 
Northern  Ry.  These  were  a  double  rectangular  box  with 
12  in.  walls  and  wing  walls  on  either  end,  9  in.  thick  and 
a  batter  of  1  to  12.  The  canal  was  paved  at  either  end  of 
10  ft.  beyond  the  culvert  box.  The  sizes  of  the  boxes  were 
from  3  ft.  by  3  ft.  to  4  ft.  by  4  ft.  C  in. 

There  was  also  a  conduit  to  carry  lateral  121  under 
a  water  way.  This  was  2  ft.  6  in.  by  3  ft.  and  200  ft.  long 
with  walls  and  floor  6  in.  thick  and  cover,  and  wing  walls 
9  in.  thick. 

The  excavation  under  the  railway  after  a  temporary 
trestle  had  been  put  in  by  the  railway  company  was  done 
by  first  removing  all  the  earth  with  teams  and  scrapers 
as  near  the  railway  as  possible,  then  making  a  passage 
under  the  track  with  picks  and  shovels  of  room  for  one 
horse  after  which  a  one-horse  slij  was  employed,  until 
sufficient  room  was  had  to  use  two  horses.  The  govern- 
ment paid  for  a  slope  of  1  to  1. 

After  the  grading  was  all  finished  the  steel  for  the 
floor  was  placed  and  the  concrete  placed  in  the  floor, 
setting  the  vertical  reinforcing  in  the  concrete.  The  forms 
were  now  erected  and  the  concreting  finished. 

The  forms  for  the  boxes  vvere  made  in  8  ft.  sections 
of  2x4  in.  laging  on  2x4  in.  uprights  and  cross  braced 
with  a  2.x6  in.  on  top  and  a  2.x4  in.  on  the  bottom  all 
spaced  4  ft.  on  center,  and  fastened  together  with  ^2  in. 
pins. 

Pipe  Culverts. — The  pipe  culverts  were  of  cast  iron  and 
vitrified  clay  with  9  in.  concrete  headwalls,  the  inlets  and 
outlets  being  paved  with  rubble  concrete  (see  Figs.  6 
and  7).  The  cast  iron  pipe,  18  in.  and  24  in.  in  diameter, 
w^as  placed  where  laterals  passed  under  the  Great  North- 
ern R.  R.  The  excavation  was  made  in  open  cut  after  the 
railroad  company  had  put  in  temporary  pile  crossings. 
There  was  one  exception  to  this,  it  being  tunneled. 

The  vitrified  pipe,  in  sizes  from  12  in.  to  30  in.  in 
diameter,  was  laid  where  small  water  courses  crossed  the 
canals,  the  excavation  being  made  in  open  cut  before  the 
canal  was  constructed.  The  elevation  of  the  top  of  the 
pipe  was  about  2  ft.  below  the  grade  of  the  canal. 

Bridges. — Bridges  were  built  at  all  places  where  the 
canals  and  ditches  crossed  public  roads,  there  being  about 
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30  of  them.  Across  the  waste  water  ditches 
Dne  span  only,  resting  on  an  8x12  in.  mud- 
dll,  was  necessary,  but  for  the  canals  two 
ind  three  spans  were  built  on  concrete  ped- 
estals with  6x6  in.  posts,  3x12  in.  stringers 
ind  floor.  The  bridges  averaged  from  5,000 
;o  6,000  ft.  to  the  bridge.  The  bridges  were 
built  in  two  different  counties.  In  one 
;ounty  only  a  6x6  guard  was  used  on  the 
side  while  in  the  other  a  railing  was  used 
(see  Fig.  8). 

Hess  Flume. — One  Hess  steel  flume  3  ft. 
9  in.  diameter  and  515  ft.  long  was  con- 
structed over  a  coulie  or  ravine  (see  Fig.  9) 
on  a  frame  structure.  The  pests  were  6x8 
in.  cross  braced  with  2x6  in.  A  3x12  in. 
rib  was  gained  on  top  on  which  the  flume 
rested.  The  posts  rested  en  concrete  pedes- 
tals, anchored  with  bolts  set  in  the  con- 
crete. The  lumber  was  cut  up  in  the  yard, 
hauled  to  the  site  of  the  work,  bolted  to- 
gether and  erected  into  place.  Concrete 
wing  walls  were  built  and  the  sjdes  and 
bottom  of  the  canal  paved  at  either  end  of 
the  flume  after  which  the  flume  sections 
were  joined  and  laid.  Four  men  could  lay 
about  100  ft.  per  day. 

Outlets. — At  four  places  where  waste 
water  ditches  discharge  into  the  river  (see 
Fig.  10)  corrugated  iron  pipe  in  sizes  from 
30  in.  to  48  in.  was  laid.  After  the  excava- 
tion was  made,  ten  12  in.  by  20  ft.  piles 
were  driven  with  a  600  ib.  hammer  to  re- 
fusal at  the  point  nearest  the  river.  The 
pipe  was  laid  beginning  at  the  piles.  At 
the  inlet  of  the  pipe  a  bulkhead  was  con- 
structed of  three  thicknesses  of  2x8  in.  lum- 
ber. The  pipe  was  then  backfilled  to  a 
depth  of  about  10  ft. 

Turnouts  and  Checks. — There  were  four 
concrete  checks  (see  picture  8-1;  8-2;  9-2) 
and  two  concrete  turnouts  (see  Fig.  11) 
with  6  in.  walls,  paved  at  the  outlet.  The 
rest  of  the  checks  and  turnouts  were  of 
wood  (see  Fig.  12 1.  The  wooden  turnouts 
and  checks  were  cut  up  in  the  yard,  hauled 
out  in  bundles  and  erected  on  the  work. 
They  contained  from  300  to  500  ft.  B.  M. 
to  the  structure. 

Pressure  Pipe. — The  largest  structure  on 
the  work  vi-as  a  5  ft.  4  in.  circular  concrete 
conduit  (see  Fig.  13)  400  ft.  long,  involv- 
ing 2,341  cu.  yd.  excavation,  500  cu.  yd. 
back  fill,  24,171  lb.  steel,  235  cu.  yd.  con- 
crete and  55  yd.  paving.  The  pipe  had 
walls  6  in.  thick  with  wing  walls  at  either 
end  9  in.  en  top  with  a  batter  of  1  in  12. 
At  the  entrance  was  a  spillway  emptying? 
into   Exeter  Creek. 

The  excavation  for  the  pipe  was  made  on 
a  1  to  1  slope  to  6  in.  below  the  center  line, 
leaving  a  12  in.  bench.  Below  this  point 
the  earth  was  used  for  the  outside  form  of 
the  concrete.  The  greater  part  of  the  ex- 
cavation was  done  with  5  ft.  Fresnoes,  the 
finishing  being  done  with  drag  scrapers  and 
shovels. 

The  reinforcing  steel  for  around  the  pipe 
was  bent  in  circles  en  a  table,  and  tied.  It 
was  then  erected  in  the  ditch  and  the  hori- 
zontals tied  on  :ifter  which  it  was  blocked 
to  bring  it  to  the  center  of  the  finished  con- 
crete. 

The  concrete  was  then  placed  in  the  bot- 
tom and  spread  with  a  templet,  covering  a 
little  more  than  one-sixth  cf  the  circumfer- 
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ence  of  the  pipe.  Upon  this  bottom  the  inside  forms  were 
erected  and  braced  to  the  reinforcement. 

The  forms  were  built  in  one-sixth  of  a  circle,  five 
segments  being  used,  leaving  out  the  lower  one-sixth. 
One  section  on  each  side  extended  from  the  invert  up  to 
the  horizontal  diameter  of  the  conduit.  The  second  section 
reached  from  this  diameter  to  the  fifth  or  key  sections  at 
the  top.  Each  of  the  sections  consisted  of  2x10  in.  ribs 
cut  to  the  proper  curve  and  lagged  with  2x4  in.  lumber. 
The  ribs  of  the  sections  were  spared  4  ft.  on  centers  and 
were  braced  with  2x4  in.  cross  braces  on  top  and  bottom 
and  2x6  in.  in  the  center.  These  were  held  together  with 
1/2  in.  pins. 

The  outside  forms  were  also  made  in  sections  and  held 
in  place  with  bents  resting  on  planks  laid  to  grade  on  the 
12  in.  base  referred  to  in  excavation.  The  posts  of  these 
fcents  were  4x6  in.  timbers  connected  across  the  top  by  a 


2x10  in.  plank  set  in  gains  and  bolted  to  them.  Each  post 
also  was  attached  to  the  cross  piece  by  a  knee  brace 
belted  in  place.  These  were  placed  on  8  ft.  centers  and 
held  in  position  horizontally  with  cross  bracing  of  lx4's. 

The  forms  for  the  interior  of  the  conduit  were  made 
in  8  ft.  lengths  and  the  design  was  such  that  after  remov- 
ing the  inside  bracing  the  top  or  key  section  dropped  down 
allowing  the  whole  form  to  collapse.  As  the  forms  were 
erected,  a  2x4  in.  track  was  layed  on  the  center  brace,  and 
a  home-made  car  placed  on  it.  As  the  forms  were  taken 
down  they  were  placed  on  this  car  and  pulled  ahead  with 
a  rope  to  the  uncompleted  section,  to  be  used  again.  The 
car  was  then  pulled  back  by  a  rope  from  the  other  end, 
ready  for  reloading. 

One  hundred  lineal  feet  of  forms  were  made  and  after 
the  pipe  was  completed,  they  were  taken  apart  and  used 
in  making  sectional  forms  for  box  culverts. 
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TABLE    II.— COST    OP    REINFORCING   AND    STRUCTURAL   STEEL. 


Mile  Qpantlty, 

Structures.                                                              Haul.  Pounds. 

Spillway     2.5  444 

Spillway    2.0  308 

Spillway    5  2S4 

Spillway     2.5  299 

Spillway     1.5  165 

Automatic    spillway     2.0  -1.539 

.A.ulomalic    spillway     1.0  2,384 

Automatic    spillway     1.0  2.034 

.Automatic    spillway     2.0  2,486 

.Automatic    spillway     3.0  2,120 

Automatic    spillway    2.0  1,454 

Sulico  and    check    1.0  320 

Fluir.e  head  walls   • 2.5  997 

Pipe   head   walls    5.  236 

Pipe   head   walls   3.  148 

Pipe   head    walls    2.5  148 

Pipe   head   walls    2.0  222 

Pipe   head   walls    1.0  1,096 

Concrete    turnouts    1.5  2,513 

Concrete    checlis     1.0  581 

V.    P,    head   walls    5  260 

V.    P.    hea.l   walls    2.5  214 

V.    P.    head   walls    1.5  245 

V.    P.    head   walls    2.5  240 

Concrete    l.ox    culvert    2.0  9,055 

Concrete  box  culvert   1.0  9,795 

Concrete   box  culvert    2.0  9,040 

Concrete   box   culvert    1.0  9,682 

Concrete   box   culvert    1.5  7,346 

Concrete    box    conduit     2.0  6,845 

Pressure    pipe     5  24,171 

Total    reinf 96,471 

Total    struc.    steel    2.0  4,726 


Hauling. 

Lli.l. 


$0.0031 
.0033 


.0059 
.0005 
.0012 
.0044 
.0031 
.0006 
.0020 
.0040 
.0040 
.0020 
.0019 
.0008 
.0009 


.0008 
.0010 
.0010 
.0004 
.0006 
.0012 
.0016 
.0004 
.0007 
.0009 
.0030 


Labor     Cost > 

Field. 

Cutting.  Bending.  Placing.  Cost. 

bi'it.         Un.i.         Unit.  Unit. 

»U.0210  J0.0210 

0330  .0330 

0310  .0310 

$0.0015       $0.0018           .0216  .0280 

.0015           .0018           .0170  .0237 

0335  .0335 

OISS  .0188 

.0015           .0018           .0140  .0143 

.0015           .0018           .0095  .0133 

.0015           .0018           .0073  .0120 

.0015           .0018           .00.30  .0132 

.0015           .0018           .0047  .0325 

.0015           .0018           .0042  .0081 

.0015           .0012           .0051  .0100 

.0015           .0018           .0116  .0150 

.0015           .0018           .OO.'.S  .0320 

.0015           .0018           .0045  .0099 

.0014           .0019           .0027  .0078 

.0013           .0012           .0026  .0007 

.0012           .0010           .0039  .0070 

0072  .0072 

0084  .0084 

.0015  .0020  .0049  .0094 
.0015  .0018  .0100  .0145 
.0015  .0018  .0034  .0077 
.0015  .0018  .0040  .0077 
.0015  .0018  .0045  .0078 
.0015  ,0018  .0029  .0075 
.0015  .0013  .002.-,  .0073 
.0015  .0018  .0034  .0070 
.0015  .0018  .0048  .0087 
.0015  .0018  .0055  .0095 
0140  .0133 


Overhead  Charge- 
General 
Super-     Equip- 
ment. Cent. 


vision. 
Unit. 

$0.0040 
.0070 
.0060 
.0027 
.OOIS 
.0070 
.0036 
.0013 
.0013 
.0011 
.0010 
.0031 
.0008 
.0008 
.0013 
.0011 
.0009 
.0007 
.0007 
.0007 
.0015 
.0019 
.0008 
.0013 
.0007 
.0007 
.0008 
.0007 
.0007 
.0006 
.0008 
.0013 
.0013 


Unit. 
$0.0030 
.0040 
.0030 
.0033 
.0027 
.0033 
.0018 
.0018 
.0018 
.0016 
.0014 
.0033 
.0008 
.0064 
.0018 
.0012 
.0015 
.0008 
.0008 
.0009 
.0008 
.0014 
.0013 
.0017 
.0010 
.0010 
.0015 
.0010 
.0010 
.0009 
.0012 
.0012 
.0015 


Exp 

nit. 


.0060 
.0080 
.0080 
.0033 

,oo;;7 

.0090 
.0046 
0018 
,0018 
0016 
0014 
,0033 
0011 
0064 
0018 
0012 
0015 
0008 
0008 
0009 
0019 
0019 
0013 
0017 
0010 
0010 
0015 
0010 
0010 
0009 
0012 
0014 
0015 


Cont'r's 
Total 
Cost. 

Unit. 

$0.0033 
.0520 
.0480 
.0390 
.0310 
.0531 
.0288 
.0192 
.0109 
.0164 
.0145 
.0422 
.0111 
.0123 
.0206 
.0158 
.0138 
.0123 
.0092 
.0094 
.0114 

■  .0132 
.0130 
.0190 
.0105 
.0104 
.0116 
.0100 
.0101 
.0097 
.0118 
.0131 
.0170 


T.-VBLE   III.— COST  OF  PIPE   CULVERTS   AND   FLUMES. 


Structures.  Lin.  ft. 

24-in.  cast  iron  Hy.  culvert 72 

IS-in.  cast  iron  Ry.  culvert 96 

IS-in.  cast  iron  Ry.  culvert 36 

18-in.  cast  iron  Ry.  culvert 36 

18-in.  cast  iron  Ry.  culvert 36 

Total  18-in.  pipe 204 

30- in.   vitrified  pipe  culvert 172 

IS-in.   vitrified  pipe  culvert 72 

24-in.  vitrified  pipe  culvert 113 

24-  in.   vitrified  pipe  culvert 153 

Total  24-in.   pipe 266 

Vitrified  pipe  culvert  under  canal j  80 

t  44 

Total  12-in.   pipe 124 

3fi-in.  corrugated  pipe  outlet 80 

3G-in   corrugated   pipe    SO 

4S-in.    corrugated   pipe 100 

30-in.    corrugated   pipe 80 

Hess  St.   flume 515 


Size, 
in. 
24 
18 
18 
18 
18 
18 
30 
18 
24 
24 

12 

12 

36 
36 
48 
30 
39 


Hauling. 
Unit. 
$1.40 
2.70 
1.00 
1.00 
1.00 
1.73 

0.57 
0.% 
1.13 
0.79 
0.66 
1.44 
0.96 
0.03 
1.26 
1.10 
1.50 
0.10 


Lead 

-Labor  cost ^  and  tar 

leaving.  Field  cost.  Joint. 
Unit.  Unit.  Unit. 
$3.90  $5.30  $1.80 

3.80  6.40  1.50 

1.60  2.66  1.20 

1.98  2.98  1.20 

2.S2  3.83  1.20 

2.93  4.70  1.29 


1.04 
1.60 
2.73 
2.26 
0.47 
1.84 
0.96 
0.90 
1.43 
1.22 
1.30 
0.91 


Unit. 
$5.30 
6.40 
2.66 
2.98 
3.83 
4.70 
5.80 
1.60 
1.95 
3.83 
3.06 
1.14 
3.35 
1.92 
1.49 
2.16 
2.32 

i.so 

1.00 


Overhead  charge. 
General 

super-      Equip- 

vision.       ment. 

Unit.         Unit. 


0.63 
0.63 
0.50 
0.63 


$0.50 
0.52 
0.25 
0.30 
0.36 
0.46 
0.12 
0.16 
0.19 
0.44 
0.33 
0.11 
0.32 
0.19 
0.32 
0.23 
0.30 
0.26 
0.10 


$0.70 
0.85 
0.35 
0.39 
0.51 
0.62 
0.06 
0.21 
0  26 
'  0.18 
0.22 
0.15 
0  44 
0.26 
0.16 
0.10 
044 
0.37 
0.12 


Cont. 

exp. 

Unit. 

$0.70 
0.85 
0.35 
0.39 
0.51 
0.62 
1.60 
0.21 
0.26 
0.50 
0.40 
0.15 
0.44 
0.26 
0.41 
0.25 
0.44 
0.37 
0.12 


Contr.'s 

total 

cost. 

Unit. 

$9.00 

10.30 

4.73 

5.19 

6.35 

7.25 

9.10 

2.32 

2.66 

4.97 

4.02 

1.56 

4.56 

2.63 

3.03 

3.75 

4.00 

4.43 

1.34 


TABLE  IV.— COST   OF  DRY   PAVING  CANAL  STRUCTURES. 


Cu.  yd.  Mile 

Structure.  dry  paving.  haul. 

Spillway    39.1  2.0 

Spillway     30.0  1.5 

Automatic  spillway  16.4  1.5 

Automatic    spillway    34.7  1.5 

Automatic   spillway    47.3  1.0 

Automatic    spillway    17.7  1.0 

Automatic    spillway    20.0  1.5 

Automatic   spillway    IT. 8  1.0 

Spillway     29.5  1.0 

Spillway     23.2  1.5 

Pres.sure    pipe     26.0  1.0 

Automatic    spillway    34,3  1.0 

Conduit     32.8  1.0 

Flume    3.7  1.5 

Total    paving     372.5  1.5 


Gravel  &  rock. 
Unit. 
$1.31 
1.31 
1.31 
1.31 
1.31 
1.31 
1.37 
1.26 
1.46 
1.53 
1.46 
1.52 
1.29 
1.42 
1.37 


-Labor  Cost- 


Placing. 

Unit. 

$1.98 

1  28 

1.31 

1.19 

1.16 

.96 

.70 


Total  General 

field  cost,  supervision. 


-Overhead  Charge- 


.52 
.85 
.90 
.82 
.27 
.45 
1.S3 
1.01 


Unit. 
$3.30 
2,59 
2.76 
2.47 
2.47 
2  27 
2!i2 
1.76 
2.31 
2.44 
2.27 
1.80 
1.96 
3.25 
2.38 


Unit. 

$0.65 
.54 
.53 
.52 
.51 
.24 
.20 
.17 
.22 
.23 
.22 
.17 
.15 
.31 
.35 


Equipment. 
Unit. 
$0.35 
.27 
.30 
.27 
.26 
.48 
.27 
.23 
.31 
.33 
.30 
.24 
.23 
.39 
.29 


Cont. 

Exp. 

Unit. 

$0.S8 
.65 
.70 
.67 
.66 
.61 
.27 
.23 
.31 
.33 
.30 
.24 
.23 
.39 
.49 


Contractor's 
total  cost. 
Unit. 
$5.17 
4.10 
4.28 
3.95 
3.91 
3.61 
2.81 
2.39 
3.16 
3.34 
3.10 
2.46 
2.36 
4.31 
3.51 


The  concrete  was  mLxed  in  a  10  cu.  ft.  Milwaukee  mixer 
(see  Fig.  14)  and  wheeled  in  barrows  or  spouted  through 
a  chute  directly  into  the  forms.  The  concrete  was  kept 
as  nearly  equal  as  possible  on  both  sides  of  the  pipe  to 
keep  the  pressure  equal  on  the  forms.  The  work  was 
completed  with  a  small  gang  placing  about  35  ft.  per  day. 

Labor. 

Labor  in  eastern  Montana  consists  mostly  of  what  are 
known  as  dry-landers.  That  country  still  has  much  gov- 
ernment land  that  has  never  been  taken  up,  and  being 
one  of  the  last  parts  of  the  United  States  to  be  settled, 
there  is  quite  a  rush  to  that  country.  This  class  of  labor, 
picked  from  most  every  walk  of  life,  is  not  experienced, 
and  therefore,  not  efficient  or  satisfactory. 

The  wages  paid  were  from  |2.75  to  $3.75  per  8  hr.  day, 
averaging  about  ?3,  carpenters  and  steel  men  S4.  Teams, 
without  drivers,  were  paid  $30  per  month  and  feed. 

The  climate  of  Montana  is  good  for  construction  work, 
during  eight  months  of  the  year.  That  is  from  April  1  to 
Dec.  1,  but  for  concrete  work  from  May  1  to  Nov.  1  is 


better,  as  any  earlier  or  later  requires  protection  of  the 
work,  even  in  October  the  weather  gets  severe  at  times. 

Referring  to  the  cost  for  tiie  work  done  during  Novem- 
ber and  December  of  1913,  structures  545  and  743  illus- 
trates the  effect  of  the  weather  on  the  work.  A  part  of 
this  high  cost  might  be  caused  by  the  contractor's  un- 
familiarity  with  that  class  of  work,  as  well  as  a  poor 
organization. 

All  of  the  inspectors  on  the  work  were  graduate  engi- 
neers, and  although  they  required  the  work  done  as  nearly 
as  possible  to  conform  to  plans  and  specifications,  they 
were  very  reasonable  and  much  superior  to  inspectors  on 
most  public  work. 

The  contract  e.xtended  over  a  distance  of  18  miles  and 
required  seven  camps,  ranging  in  size  from  15  to  60  men, 
and  from  4  to  80  head  of  stock. 

Tents  with  Tiger  bunks  including  board  were  furnished 
the  men  at  90  ct.  per  day.  The  camps  were  located  in 
general  so  as  to  make  two  miles  the  maximum  distance  to 
go  to  work,  but  this  was  not  always  possible  on  account 
of  difficulty  in  securing  suitable  camping  sites. 
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Scheme   of   Water    Power   Development    on    the    Winnipeg    River,    Manitoba. 


WATER   POWER   POSSIBILITIES   OF    THE    WIN- 
NIPEG RIVER  IN   MANITOBA. 

A  recent  report  issued  by  the  Water  Power  Branch  of 
the  Department  of  the  Interior,  Canada,  shows  that  there 
will  eventually  be  as  much  if  not  more  power  available 
from  the  Winnipeg  River  than  is  now  being  developed  at 
Niagara.  Writing  of  this  development,  Mr.  J.  B.  Challies, 
Superintendent,  Dominion  Water  Pov/er  Branch,  says: 

The  investigations  of  which  this  report  is  the  result 
were  carried  on  by  the  Department  of  the  Interior  pri- 
marily for  administrative  purposes.  The  work  has  cov- 
ered a  period  of  five  years,  and  cit  a  total  cost  of  approxi- 
mately $70,000.  The  best  possible  expert  and  experienced 
engineering  advice  was  obtained  at  the  inception,  and 
throughout  the  investigations.  The  results,  therefore, 
must  be  taken  as  the  considered  opinion  of  the  best  engi- 
neering and  administrative  advice. 

Not  only  has  the  government  in  its  endeavor  to  admin- 
ister these  water  powers  in  the  best  possible  manner 
carried  out  these  investigations,  but  a  sum  of  over  $104,- 
000  has  been  spent  in  re-purchasing  properties  along  the 
Winnipeg  River  from  private  parties,  which  were  required 
for  power  purposes,  and  which  might  some  time  in  the 
near  future  be  held  for  an  e.xorbitant  sum,  and  thereby 
add  unnecessarily  to  the  capital  cost  of  the  power  devel- 
opments. 

The  water  power  regulations  under  which  these  water 
powers  are  administered  are  considered  to  be  fair  and 
reasonable  to  the  owners,  the  developers  and  the  users 
of  the  water  powers,  that  is  to  say,  to  the  Crown,  the  cor- 
poration and  the  people. 


These  investigations  show  that  at  nine  distinct  power 
sites,  by  means  of  storage  easily  and  cheaply  accom- 
plished at  the  Lake  of  the  Woods,  at  Lac  Seul  and  other 
lakes  in  the  province  of  Ontario,  it  is  possible  and  eco- 
nomically feasible  to  develop  over  418,000  continuous  24- 
hour  horsepower,  all  within  75  miles  of  the  city  of  Winni- 
peg, and  within  feasible  transmission  distance  of  all  com- 
mercial centers  of  the  present  settled  portions  of  the 
province. 

Of  the  nine  possible  power  sites  on  the  Winnipeg  River, 
there  are  three  now  under  development,  representing  a 
total  power  capacity  of  200,000  24-hour  horsepower.  One 
site  is  completely  developed  by  the  Winnipeg  Electric 
Railway  Co.  on  the  Pinawa  chnnrsel,  and  produces  about 
28,000  hp.  Another  site  at  Point  du  Bois  Falls,  developed 
by  the  city  of  Winnipeg,  produces  at  the  present  time 
about  25,000  continuous  horsepower,  but  it  is  capable  of 
extensions  to  a  maximum  of  77,000  24-hour  horsepower. 
Development  at  the  third  power  site  at  Great  or  du  Bon- 
net Falls,  having  a  maximum  possible  development  of  95,- 
000  24-hour  horsepower,  is  about  to  be  commenced  by  the 
Winnipeg  Rjver  Power  Co. 

There  is,  therefore,  at  the  present  time  about  53,000 
continuous  horsepower  produced,  and  transmitted  for  use 
in  and  around  the  city  of  Winnipeg,  which  can,  with  the 
two  present  plants,  be  increased  to  200,000  24-hour  horse- 
power. 

The  six  remaining  power  sites  are  under  the  control  of 
the  Dominion  Government,  and  can  furnish  a  further 
amount  of  24-hour  power  to  a  maximum  extent  of  218,- 
000  hp. 
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In  addition,  there  are  several  important  power  sites  on 
the  Winnipeg  and  English  rivers  within  the  province  of 
Ontario,  which  are  within  easy  transmission  distance  of 
Winnipeg. 

The  accompanying  diagram  presents  in  condensed  form 
the  main  features  of  the  development  planned.  The  engi- 
neers by  whom  the  investigations  were  conducted  were: 
John  R.  Freeman,  New  York;  J.  B.  McRae,  Ottawa,  Ont., 
and  J.  T.  Johnston,  chief  hydraulic  engineer,  Water 
Power  Branch.  The  report  was  prepared  by  Mr.  John- 
ston. 
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pestered  and  tormented  by  mosquitoes  which  it  was 
learned,  upon  investigation,  were  propagated  in  stagnant 
pools  between  the  railroad  and  Haddon  Ave.  It  was 
found  practically  impossible  to  drain  these  to  the  street 
gutters  hence  another  method  had  to  be  employed  and  it 
was  decided  to  sink  the  water  into  the  ground.  Under  the 
supervision  of  L.  Z.  Lawrence  a  heavy  charge  of  dynamite 
was  sunk  and  discharged  about  20  ft.  under  the  surface. 
This  caused  the  pools  to  disappear  in  short  order  and  no 
water  has  accumulated  at  this  point  up  to  the  end  of 
the  year." 


COMBINED    SIDEWALK    CURE    AND    STORM 
WATER  SEWER,  ANN  ARBOR.  MICH. 

A  novel  combination  of  structures  is  shown  by  the 
accompanying  illustrations  furnished  by  Manley  Osgood, 
city  engineer  of  Ann  Arbor,  !Mich.  A  storm  water  sewer 
of  the  section  shown  was  built  under  the  sidewalk  line 
in  such  manner  that  its  top  slab  would  serve  as  sidewalk 
and  its  edge  as  curb.  The  structural  details  of  the  sec- 
tion are  given  by  the  line  drawing.  The  photographic 
views  show  the  structure  under  construction,  the  arrange- 


A  SMALL  SEWAGE  SPRINKLING   FILTER   WITH 
UNIQUE  FEATURES. 

Contributed  by  R.  C.   Hardman.  Consulting  Engineer.  Cheyenne  BIdg., 
Colorado  SjJrlriKs.  Colo. 

A  small  sprinkling  filter  designed  on  a  very  simple 
basis  so  as  to  require  as  little  attention  as  possible,  has 
just  been  installed  to  handle  the  sewage  from  a  pleasure 
park  near  Colorado  Springs,  Colo.  The  filter,  which  has 
an  area  of  but  0.20G  of  an  acre,  takes  care  of  the  sewage 
from  Stratton  Park  and  that  from  about  200  small  sum- 
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structural    Features    of    Combined    Sidewalk,  Storm    Sewer    and    Curb,    Ann  Arbor.   Mich. 

ment  at  entrances  to  alleys  or  private  drives  and  the  con-  mer  cottages  in  the  immediate  vicinity  of  the  park.    The 

struction   at  intersecting  streets.     As  the  grade  of  side-  sewage  from  the  entire  district  is  collected  in  the  park, 

walk,  owing  to  these  and  other  conditions,  did  not  con-  where  it  is  treated  in  a   1-story  sludge  tank.     The  tank 

form  to  the  regular  3  per  cent  grade  of  the  sewer  invert  formerly    discharged    its    effluent    into    Cheyenne    Creek, 

the  variation  was  taken  care  of  by  varying  the  height  of  about  200  ft.  away,  in  close  pro.ximity  to  a  convalescent 

the   sewer   sidewalls.     The   unit   and   total   costs   of   the  sanatorium  just  outside  the  park  boundary.     At  times  the 

structure  were  as  follows :  effluent  from  the  tank  gave  off  so  offensive  an  odor  that 

1.640  cu.  yd.  excavation,  at  .t;5 $i.(ii;6  00  numerous  Complaints   were  made.     No  trouble  was   had 

Mo'e'cr/d.  o/"crn''cr«e.''at"v.i5;:;::::;::;;::;:::;;:."::::;;;  ...^oU?  when  the  creek  channel  was  running  full,  as  the  discharge 

110.5  lin.  ft.  of  12-in.  pipe,  at  .33 36.47  was   Under  the   surface   of   the   water.    However,   in   the 

3  tees    12  m.,  at  1.0) 3.00  u          ..i.       j-       u                  e                        ■          ^     ., 

0  elbows,  i:  in.,  at  1.00 5.00  summer  when   the  discharge  of  sewage  is   at  the   ma.xi- 

l III"  irSn  io!;^.^  5^S"::::::;::::::;::;::::::::;:::::;::::::    uZ  "i^f"-  the  flow'of  the  creek  is  often  at  its  minimum,  some- 

Minor  extras  51.63  times  a  mere  trickle. 

Total    $6,051.10  From   investigations  made   it   is   believed  that   the  ob- 

jectionable  odors  were  due  in  great  measure  to  the  poor 

ELIMINATING    A    MOSQUITO    BREEDING    POOL  design  of  the  tank,  which  bears  the  name  of  a  plumbing 

BY  BLASTING.  goods   supply   house.     The  tank  is   designed  properly  to 

care  adequately  for  its  ma.ximum  capacity,  which  is  about 

The  following  item  is  e.xtracted  from  the  Year  Book  for  40,000   gal.,    but    is    not   suited    to   the    conditions    under 

1916  of  the  Commissioners  of  the  Borough  of  Haddon-  which  it  must  operate.     The  conditions  are  peculiar.     In 

field,  N.  J.  the  summer  thousands  of  people  visit  the  park  daily,  it 

"The   residents    of   West    Haddonfield   were    for   years  being  located  at  the  entrance  of  both  North  and  South 
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Cheyenne  Canons,  which  are  famed  for  their  tourist  at- 
tracting qualities.  In  addition  to  the  daily  crowd  of 
visitors,  the  cottages  are  filled,  so  that  the  average  daily 
flow  is  easily  from  40,000  to  50,000  gal.,  with  possibly  a 
greater  amount  on  Sundays  and  holidays.  In  the  winter 
the  park  visitors  are  practically  nil  and  the  permanent 
population  using  the  sewers  is  not  in  excess  of  100  at 
any  time.  Thus  the  sewage  flow  is  perhaps  not  much 
over  5,000  gal.  per  day. 

With  the  variation  in  flow  from  5,000  to  50,000  gal. 
per  day,  it  will  be  readily  seen  that  a  single  compart- 
ment tank  of  40,000-gal.  capacity  can  not  be  efficient.  In 
the  summer  it  is  working  at  very  near  its  designed  ca- 
pacity, in  the  winter  the  sewage  must  of  necessity  re- 
main in  the  tank  for  from  eight  to  ten  days.  It  is  ex- 
tremely probable  that  putrefaction  takes  place  instead  of 
the  action  desired.  It  was  recommended  that  the  tank 
be  redesigned  and  divided  into  compartments  so  that 
the  rate  of  flow  through  it  could  be  regulated  to  suit 
the  sewage  flow  in  the  various  seasons. 

The  officials  in  charge,  however,  to  obviate  any  possi- 
ble future  complaints,  decided  to  carry  the  effluent  down- 
stream some  4,000  ft.  and  further  treat  it  by  filtration. 
As  the  filter  will  probably  never  receive  much  attention, 
it  was  made  on  a  nearly  "fool-proof"  plan. 

The  filter  is  contained  in  a  reinforced  con- 
crete tank  as  shown  in  the  accompanying  plan,  partly 
in  excavation.     The  distributing  system  is  of  cast  iron 
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Sewage    Sprinkling    Filter    Plant,    Colorado    Springs,    Colo. 

and  enters  the  tank  at  one  corner,  covering  the  tank  in 
herringbone  fashion.  It  is  supported  upon  the  coarse 
filter  material  near  the  bottom  of  the  tank.  The  risers 
are  of  3-in.  cast  iron  and  are  fitted  with  square-spray 
Taylor  nozzles  spaced  on  10-ft.  centers.  All  distributing 
pipes  are  drained  in  the  directions  shown  on  the  plan 
and  into  the  discharge  pipe. 

The  collecting  system  consists  of  a  semi-circular  chan- 
nel 12  in.  in  diameter,  running  down  the  center  of  the 
tank.  The  floor  of  the  tank  slopes  toward  the  channel 
with  a  fall  of  6  in.  in  15  ft.,  and  is  covered  with  a  4-in. 
split  concrete  pipe  laid  with  staggered  joints,  which  act 
as  lateral  collectors. 

The  filter  bed  consists  of  1  ft.  of  2-in.  to  4-in.  broken 
stone  and  gravel  and  4.5  ft.  of  broken  phonolite  rang- 
ing from  1  in.  to  2  in.  in  size. 

The  entire  tank  is  covered  with  a  frame  building  with 
large  louvres  in  each  gable  to  allow  a  free  circulation 
of  air  and  to  prevent  clogging  by  heavy  snow  falls. 

The  dosing  apparatus  consists  of  an  elevated  tank  sit- 
uated a  shoi-t  distance  from  the  filter.  It  is  of  the  tapered 
type  supported  by  concrete  columns,  and  has  a  capacity 
of  about  700  gal.  To  secure  the  necessary  head  for  the 
operation  of  the  dosing  tank,  a  section  of  the  sewer  line 
above  the  tank  is  used  as  a  pressure  line,  which  is  be- 
lieved to  be  a  unique  feature.     This  was  rendered  feasi- 


ble without  special  preparation  as  the  entire  line  was 
constructed  of  concrete  sewer  pipe,  lengths  of  which, 
selected  at  random,  withstood  hydraulic  pressures  from 
92  to  97  lb.  per  square  inch,  with  no  seepage  until  60 
lb.  was  reached. 

The  dosing  tank  is  located  directly  over  the  sewer 
line,  from  which  the  sewage  rises  through  a  tee  up.  An 
automatic  siphon  discharges  it  into  the  distributing  sys- 
tem of  the  filter.  To  provide  for  the  small  amount  of 
solid  matter  which  will  not  rise  into  the  siphon  cham- 
ber the  sewer  line  extends  past  the  dosing  tank  and 
through  one  wall  of  the  filter,  forming  a  by-pass.  This 
line  being  controlled  by  a  valve  allows  of  the  discharge 
of  the  solid  matter  directly  into  the  stream  whenever 
necessary.  The  solid  matter  will  be  practically  negligi- 
ble, as  the  small  amount  which  succeeds  in  passing  the 
sludge  tank  is  thoroughly  broken  up  in  passing  through 
the  4,000  ft.  of  line,  which  has  a  fall  of  some  200  ft. 

The  plant  is  designed  to  allow  a  second  unit  to  be  built 
alongside  should  circumstances  demand  it. 


HOUSE    CONNECTIONS   AS    FACTOR   IN    INFILTRA- 
TION. 

Contributed  by  W.  W.  Dixon  of  The  .\tlas  Company,  Lincoln.  N.  J. 

The  infiltration  into  a  sewer  system  is  usually  recorded 
and  spoken  of  as  gallons  per  sewer  mile  per  day,  while 
some  authorities  state  it  should  be  recorded  as  gallons 
per  inch  of  exposed  joint.  By  the  latter  method  it  gives 
the  writer  opportunity  to  sustain  his  claim  that  with  the 
rigid  specifications  now  in  vogue  drawn  by  competent  en- 
gineers the*  bulk  of  ground  water  that  has  to  be  pumped 
and  treated  does  not  come  alone  from  the  joints  of  the 
sewer  line  proper,  designed  by  and  constructed  under  the 
.supervision  of  the  Engineer,  but  in  a  greater  proportion 
from  the  house  connections  as  made  by  various  contrac- 
tors and  not  subjected  to  the  same  rigid  inspection.  The 
sewer  proper  on  completion,  before  house  connections  are 
made,  shows  a  certain  leakage,  more  or  less  (?),  than 
calculated  in  original  planning  that  from  the  arguments 
of  some  engineers  will  decrease  after  the  sewer  has  been 
in  use  for  a  year  or  more,  by  the  solids  in  the  sewage 
filling  the  inside  joint  at  invert  and  the  back  fill  becoming 
more  compact.  But  this  theory  is  not  proven,  as — take  the 
case  of  Sewer  at  Stamford,  Conn.,  designed  by  the  late 
Col.  Geo.  E.  Waring,  Jr.,  where  the  infiltration  of  1.16 
miles  of  sewer  was  measured  when  there  were  only  215 
house  connections  and  flow  was  49,340  gal.  per  mile  per 
day.  The  sewer  flow  was  again  measured  in  a  drier 
season  of  the  year  when  there  were  530  house  connections, 
and  the  flow  measured  94,170  gal.  per  mile  per  day  or 
nearly  100  per  cent  increase  in  flow,  or  an  average  of  160 
gal.  per  day  for  each  house  connection  which  does  not 
sound  reasonable. 

Therefore  if  the  leakage  in  the  sewer  is  from  joints 
the  following  table  will  give  approximate  figures  of  num- 
ber of  inches  of  exposed  joints  on  line  1,000  ft.  of  8-in. 
Depp  &  Wide  Socket  Pipe,  3  ft.  lengths,  and  the  compara- 
tive inches  of  exposed  joint  in  house  connections. 

1.000  ft.  S-in.  D.  &  W.  pipe,  3  ft.  length  exposed  joints  in  inches, 
11.800  in. 

House  connections  every  50  ft.,  4-in.  tile,  2  ft.  lengths,  average 
length.  50  ft..  IS. 060  in. 

House  connections  every  25  ft.,  4-in.  tile,  2  ft.  lengths,  average 
length,   50   ft.,   36,120  in. 

Again  the  street  sewer  is  protected  from  precipitation 
by  macadam,  concrete,  brick,  and  bituminous  pavements, 
while  the  greater  length  of  house  connections  are  in 
pervious  soil  that  readily  absorbs  the  precipitation,  al- 
lowing it  to  penetrate  to  the  unnaturally  formed  water 
course,  the  sewer  trench. 

Therefore,  is  it  not  important  that  more  attention 
should  be  paid  to  this  department  of  Sewer  to  enable  the 
engineering  department  to  have  the  sewers  they  designed 
line  up  to  the  original  expectations? 

The  writer  several  years  ago  produced  a  compound 
that  will  not  show  deterioration  from  the  action  of  acids, 
alkalies,  domestic  sewage,  or  salt  or  fresh  water.  The 
compound  allows  for  flexibility  of  joint  and  positively 
fills  the  joint  and  hermetically  seals  it. 
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SPACING    DIAGRAM    FOR    HOOP    REINFORCING 
FOR  REINFORCED  CONCRETE  STANDPIPES. 


Contiibuted  by  Frank  H.  Carter,  Designing 

Mass. 


Engineers.  Cliftondale, 


In  the  design  of  reinforced  concrete  standpipes,  the 
writer  has  found  that  the  pi'oblem  of  spacing  the  round- 
about reinforcing  rods  vertically  in  the  walls  of  the  struc- 
ture involves  an  almost  endless  amount  of  arithmetical 
labor.    To  obviate  this  work,  a  spacing  diagram  (Fig.  1) 
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The  spacing  diagram  was  computed  on  a  basis  of  12,000 
lb.  per  square  inch  as  follows: 

Double  spacing,  i.  e.,  two  rods  side  by  side. 

f2t  =  Pd. 

ft  =  Pr  =  0.434  hr. 

Af  =  0.434  hr.   S  X  12. 

Af  =  A  X  12,000. 

Pd  X  12 
S  = . 
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Fig.     1. — Spacino     Diagram    for     Hoop     Reinforcement    for     Reinforced    Concrete    Standpipes. 


was  evolved  during  the  design  of  the  last  standpipe  of  re- 
inforced concrete  undertaken  by  the  writer,  with  satis- 
factory results.  The  height  of  the  structure  was  35  ft., 
and  the  thickness  of  the  side  wall  was  12  in.  at  the  top 
and  18  in.  at  the  base,  being  plumb  on  the  inside  only,  the 
taper  being  all  on  the  outer  face.  The  reinforcing  rods 
were  laid  in  pairs  and  were  supported  on  iron  frames  as 
shown  in  the  detail  drawing.  Fig.  2.  Twelve  sets  of 
frames  were  used  in  a  circumference  of  125  ft.  Provision 
was  made  for  horizontal  joints,  every  30  in.  though  the 
frames  were  60  in.  in  height. 

A  steel  stress  of  12,000  lb.  per  square  inch  was  as- 
sum.ed  except  for  the  base,  with  no  value  allowed  for  the 
concrete  in  tension.  At  the  base,  the  allowable  working 
stress  was  dropped  to  8,000  lb.  per  square  inch,  to  com- 
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In  which: 

A  =  Area  of  two  rods  per  vertical  foot  of  tank. 
f  =  Stress  of  rods  in  tension, 
t  =  Thickness  of  equivalent  steel  standpipe. 
P  ^  Pressure  in  pounds  per  square  inch. 
d  =  Diameter  of  tank  in  feet. 
r  =  Radius  of  tank  in  feet, 
n  =  Head  of  water  in  feet. 
S^  Spacing  of  rods  in  inches. 


Fig.    2. — Reinforcement    Spacing    Frames    for    Reinforced    Concrete 
Standpipes. 

pensate  in  a  measure  for  the  uncertain  stresses  which  are 
undoubtedly  developed  at  the  juncture  between  the  side 
walls  and  the  bottom  of  the  standpipe.  Besides  increas- 
ing the  metal  at  this  point,  a  considerable  amount  of  extra 
thickness  of  concrete  was  added  and  in  addition  to  both 
these  precautions,  48  1  in.  square  twisted  rods,  11  ft. 
long  bent  90  around  a  10-in.  radius,  with  vertical  legs 
36  in.  long  were  placed  at  the  point  of  juncture,  between 
the  bottom  and  side  walls  of  the  standpipe. 

The  spacing  diagram  for  the  reinforcing  rods  in  the 
side  walls  was  plotted  from  a  computation  of  ^s  in.,  ^4 
in.,  "s  in.,  1  in.,  I^n  in.,  1^4  in.  and  I'^s  in.  diameter.  As 
before  mentioned,  larger  rods  were  actually  used  at  the 
bottom  of  the  side  walls,  to  reduce  the  stresses  to  approxi- 
mately 8,000  lb.  per  square  inch. 


A  $4,000,000  WATER  SUPPLY   DEVELOPMENT 
FOR  SEATTLE,  WASH. 

The  City  of  Seattle,  Wash.,  is  contemplating  making  im- 
provements to  its  water  supply  system  that  will  call  for 
en  expenditure  of  several  million  dollars.  It  is  probable 
that  bonds  will  be  voted  this  fall  to  begin  construction  on 
a  part  of  the  development. 

The  present  supply  is  obtained  from  the  Cedar  River 
at  Landsberg,  and  is  carried  to  the  city  by  two  pipe  lines, 
one  about  28' 2  miles  in  length,  the  other  about  24^2  miles 
in  length.  The  distribution  system  is  divided  into  three 
zones.  The  lower  zone  is  supplied  from  three  low  service 
reservoirs  of  a  total  capacity  of  183,000,000  gal.  The  in- 
termediate zone  is  served  by  two  reservoirs  of  a  total  ca- 
pacity of  83,000,000  gal.  The  high  service  zone,  compris- 
ing a  comparatively  small  area,  is  fed  from  standpipes 
supplied  by  pumping  from  the  intermediate  or  low  service 
reservoirs.  The  population  is  about  300,000.  The  pres- 
ent consumption  during  the  period  of  greatest  use  of  water 
in  the  summer  time  is  about  42,000,000  gal.  per  day,  or  140 
gal.  per  capita  per  day. 

An  investigation  of  the  situation  has  been  made  by  Mr. 
A.  H.  Dimock,  City  Engineer,  and  Mr.  L.  B.  Younger,  Su- 
perintendent of  the  Water  Department,  and  a  joint  report 
on  the  matter  was  submitted  on  June  15  to  the  City  Coun- 
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ENGINEERING 
AND     CONTRACTING 


cil.     In  this  the  following  tentative  plan  was  submitted  MACHINE  MOWING  IRRIGATION  CANAL  BANKS. 

for  developing  a  supply  of  150,000,000  gal.  per  day.     The  Tests  made  in  the  Salt  River  Project,  U.  S.  Reclamation 

successive  links  in  this  development  are  as  follows:  Service,  have  proved  the  feasibility  of  machine  mowing 

First — The  construction  of  a  concrete  aqueduct  from  irrigation  canal  banks.     Mr.  J.  A.  Haltom,  project  man- 

the  intake  to  Swan  Lake,  including  the  necessary  diver-  ager,  in  the  "Reclamation  Record,"  states: 

sion   and  intake  works.     Second — The  creation  at  Swan  xhe  main  point  considered  in  the  selection  of  the  new 

Lake  of  a  storage  reservoir  of  large  capacity.     Third —  mower  is  to  get  a  machine  with  the  greatest  downward 

The  construction  of  a  concrete  aqueduct  from  Swan  Lake  jrop  to  the  cutting  bar  so  that  weeds  on  the  sloping  banks 

to   Molasses   Creek,   or  of  a  tunnel   from  the   northwest  can  be  mowed  satisfactorily.     It  is  also  necessary  to  have 

corner  of  Swan  Lake.     Fourth— The  construction,  as  may  the    wheels    equipped    with    right-angle    lugs    to    prevent 

be  needed,  of  two  additional  pipe  lines  from  end  of  aque-  sliding  or  skidding  on  slippery  banks.    After  using  these 

duct  or  tunnel  to  the  city  reservoirs.     Fifth — The  recon-  machines  for  one  season  the  following  facts  have  been 

struction,  as  may  be  needed,  of  the  two  existing  pipe  lines  established: 

between  Swan  Lake  and  the  city  reservoirs.     Sixth — The  First.    It  is  necessary  to  have  a  good  teamster  skilled 

construction,  within  or  near  the  city  limits,  of  additional  in  adjusting  his  machine  so  it  will  cut  under  various  and 

reservoirs.     Seventh — The  construction  of  such  additional  difficult  conditions.    A  quiet,  steady  team  is  also  essential, 

links  as  are  necessary  to  complete  the  main  distribution  Second.    It  is  practicable  to  use  mowing  machines  on 

service.  canal  banks  where  the  slope  does  not  exceed  45°. 

The  estimated  cost  of  the  complete  system  is  as  follows :  Third.    Machines  cannot  be  operated  on  banks  where 

Concrete    conduit     Landsberg    to    Swan    Lake,    including    re-  there  is  trash  Or  heavv  brush. 

Duilo ill"'  ot  int3.ivC........-'->'"  ••••••••-■■•■■••"  ■•"""'■■'•••"'^      o.vjuu  *■ 

Development  of  Swan  Lake,  including  aqueduct  to  Molasses     ._.  ..  Fourth.    Leveling  the  banks  when  the  ditches  are  being 

RSiac'^ni; 'x'o.'i'Line'witii'steei!'.!!!!'.'.!'.'.'.'.!".!".!".--^               625!ooo  cleaned  greatly  increases  the  efficiency  of  the  machine. 

Replacing  No.' 2  line  with  steel.  .................... -^ }'Snnn  Fifth.    Mowing  should  be  done  in  the  early  part  of  the 

steel  pipe  nne  No.  3.  Molasses  Creek  .to  West  Seattle.. J'5?X'9xS  i.i-i-                           j             j               ^jj^j- 

Steel  pipe  line  No.  t.  Molasses  Creek  to  Volunteer  Park 1.600,000  season  when  the  grass  and  weeds  are  tender  and  standing 

inltrZ'inS  uncXpa^kV^sl^lJ^fr!": !  i ! :  i ! ! ! ! ! ! .'  1 ! '. ! ! ! ! ! ! ! ! ! : !     "oiooS  straight.     If  the  work  is  delayed  until  late  in  the  season 

Reservoirs  at  West  Seattle ' ilf'Snn  i:he  weeds  fall  and  make  the  work  more  difficult. 

Distribution l,Wii4,U«0  ^  ■    ^i        ^                      •                     i-                    i-                  j                          i 

; — ; •  Sixth.    One    mowing    machine    working    under    normal 

"^^^^^  • ;• ,■'■.■■."■  conditions  will  do  the  work  of  from  8  to  14  men  using 

It  is  stated  that  in  case  the  existing  wood  pipe  lines  ^^^^j^^^  ^^^^^  effecting  a  saving  of  from  $10  to  |20  per  day. 

Nos.  1  and  2  are  rebuilt  m  wood  and  not  replaced  with  Seventh.    With  careful  driving,  machines  can  be  oper- 

steel  pipe  the  total  cost  would  be  reduced  to  $M<8,000.  ^^^^  .^  ^.^^.^,^ 

An  estimate  also  was  submitted  "^  j^e  cost  of  enlarging  ^^  ^^^  ^^^  ^^  ^^^  ^^^^^^  ^^^  machines  were  in  good 

the  present  system  to  a  capacity  of  150,000,000  gal    per  ^^^^-^-^^  ^^^  required  verv  little  repair.     On  several  oc- 

day.     This  plan  does  not  include  the  use  ot  Swan  Lake.  ^^^.^^^  ^^^^  ^^^  ^^^^^.^^                  ^^  ^^^  ^^^^  .^^^  ^^^ 

The  total  estimated  cost  of  this  plan  is  $10,12  <  000.  ^           ^^^  ^^  ^^^.^^^  ^^            ^^^^,^^^ 

The  scheme  recommended  calls  for  the  following  sue-  

cessive  steps :                                 ^  „.       ^         x-     i               a  SOME  STATISTICS  OF  CANADIAN  WATER 

1.     Complete  the  rebuilding  of  Pipe  Line  No.  1  m  wood.  WORKS 

2.  Increase  the  capacity   of  Volunteer   Park   Reservoir.  ^^^   accompanying   tabulations   show   interesting   data 

3.  Acquire  and  develop  S^v-an  Lake  including  necessary  ^^^  ^ing  Canadian  water  works.  They  are  taken  from 
lands  and  rights  of  way.  4.  Build  Pipe  Line  No.  3  of  ^^^  ^  ^^  ^^^  Commission  on  Conservation  Relating 
steel,  from  Molasses  Creek  to  ^^  est  Seattle.  5.  Acquire  ^^  ^^.^^^^  ^^,^^^^  ^^^  Sewerage  Systems,  and  are  self -ex- 
sites  and  construct  the  U  est  Seattle  reservoirs.     6.     Con-  ^lanatorv 

struct  new  distribution  mains.     7.     Rebuild  Pipe  Line  No.  j^ble  i— total  cost  of  w.\ter  works,   maintenance 

2  in  wood  or  steel,  as  experience  may  dictate.     8.     Con-  charges,  conslmption,  etc.  for  the  different 

struct   a   single   conduit  from   Landsberg  to   Swan   Lake  ^j^  ^^j^  compilation  the  itenfs^hich^if  was  impossible  to  obtain  from 

when   necessary  because  of  the   need   of   additional   supply  the  municipalities  have  been  estimated  and  included  ) 

or  because  of  failure  of  present  pipe  lines.    9.  Construct  3               £              ;p                 c.  .    c.  .    |^^ 

Pipe  Line  No.  4  from  Swan  Lake  to  Volunteer  Park.  -               =.^15                 c2    .^3     Sb 

The  above  would  be  the  entire  program  for  developing  |                p-5            -g-          °';;   ^"    gq     ^1 

a  supply  of  150,000,000  gal.  per  day.     The  cost  of  the  first  Province.               |               ^'^            =o         ^=    ■!=■   ^^     '^~ 

seven  items  enumerated  above,  not  including  the  recon-  ,~               cc            '^>-i       z-    t^   -•=     g*- 

struction  of  Pipe  Line  No.  1,  amounts  to  $4,205,000.     It  is  ^^            Z^            1||       Ig    >£    1^    "| 

stated  that  this  expenditure  should  be  authorized  at  this  g£            -sj            i'^=       'i'g    =g   ii    'Sj; 

time.     The  making  of  these  expenditures,  however,  would      xova   Scotia b.oUjis     23,450:000      iss.'irs      431    f27"    %1    3^73 

necessarilv  be  distributed  over  a  Deriod  of  three  to  five  Prince  Edw.  island     341.119         933.000        ir>.953        30     54    14.7    2.91 

necessariij    ue   uisuiuuLeu   over   a   periou   01    imee   to    ine  xe„.  Brunswick. .     3,920.429      14.580.000       114,491       213    143      9.5     4.96 

vears.     The  essential  teatures  of  this  plan  of  development      Quebec    36.087,735    i4o,2is.ooo      941.654    1.545    120     s.9    3.90 

arp   fhp    npniii"<5itinn    nnH    ininrnvpmpnt    nf    «;vvan    T  -,ko     tViP        Ontario     44.506,759     169.354,000     1,821,205     2.643     116     10.1     4.30 

are  me  acquisition  ana  impro\emeni  oi  bwan  LaKe,  tne      Aianitoba       s,378.49i     10.74n.000      4S6,4i4      3ss     50    33.S    6.22 

enlargement  of  the  Volunteer  Park  Reservoir,  the   con-  Saskatchewan  ...    6.339,258       7.se6.ooo      296,702      327     55    32.4    6.54 

.  f.  f   D-  T  •  X-        -5  ^    ^^.  ■-  J-  r   ^^-  Alberta     S.OS.9,523       23,789.000        271,24d        520     121     12.4     5.51 

struction  of  Pipe  Line  No.  3,  and  the  construction  of  the  British  Columbia.  11,015,944     35,747,000      424.697    1,052    100    11.7    4.29 

new  reservoirs  in  West  Seattle.     This  work,  the  report  Canada    123.725,633    426.S77,ooo    1.558,539    im9   in  Toig  TI2 

states,    should    be    inaugurated    as    soon    as    possible    and  'These  costs  are  approximate  only,  and  have  been  calculated  from 

niiQV,<>rl    frv   r.r.rYii-.lot;,An  the  annual  maintenance  costs,  plus  an  allowance  of  10  per  cent  of  the 

pusnea   to   completion.  ^pgj  ^f  plaits  for  interest  and  depreciation. 

TABLE  11.— NCMBER  OF  WATER  WORKS  PL.VNTS  IN  E\CH  PROVINCE.  CI  ASSIFIED  ACCORDING  TO  SOURCE  OF  SUPPLY.   MODE 

OF  SUPPLY.  POWER  USED,  ETC. 

.\"o.    of    plants  -      Xo.  of           Mode  of  Owner-           Rates    on 
supplied              plants           supplv.         Kind    of    power    where    pumping    is           ship.         which  charges 

from —              using —  used.                                                              are  made. 
Lakes  or 

streams.  j                                                                                                                            'g 

Province.                                   -                          .  c                                                 •                               "a 
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Nova  Scotia   7 

Prince  Edward  Island 3 

New  Brunswick  10 

Quebec    76 

Ontario    66 

Alanitoba    6 
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British   Columbia 8 
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August     9,     1916 
Vol.  XLVI.  No.  6 

A  PRELIMINARY  REPORT  UPON  PURIFICATION 
OF  SWIMMING  POOLS  OF  THE  STATE  UNI- 
VERSITY OF  IOWA. 

Contributed  by  Jack  J.   Hinman.  Jr..  Senior  Water  Bacteriologist   and 

Chetnist,  LaborHtories  for  the  Iowa  Stale  Board  of  Health. 

Slate  University  of  Iowa.  Iowa  City. 

The  plants  for  purifying  the  water  of  the  two  gymna- 
sium swimming  pools  at  the  State  University  of  Iowa 
were  put  into  operation  in  January,  1916.  In  addition 
to  their  function  in  purifying  the  pool  water,  they  are 
expected  to  be  available  for  class  use  in  hydraulics  and 
water  supply.  With  this  in  mind,  the  filter  at  the  men's 
gj-mnasium  was  made  of  the  pressure  type  and  that  at 
the  women's  gymnasium  of  the  gravity  type.  Both  fil- 
ters are  equipped  with  coagulant-dosing  devices,  loos-of- 
head  gages  and  small  wall-bracket  chlorine  apparatus  for 
the  application  of  liquid  chlorine.  The  L'niversity  pur- 
chased both  plants  of  the  Pittsburgh  Filter  Co. 

The  men's  pool  is  60x30  ft.  in  plan  and  varies  from 
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duplicate.  A  filter  bed  consisting  of  8  in.  of  gravel  and 
28  in.  of  sand  is  enclosed  in  a  steel  shell  5  ft.  in  diameter, 
6  ft.  8  in.  high  over  all.  Hand-operated  rakes  are  pro- 
vided for  agitation.  The  liquid  chlorine  apparatus  is  the 
manufacturer's  type  "D."  The  alum  solution  tank  is  of 
wood,  2  ft.  6  in.  in  diameter  and  2  ft.  6  in.  high.  The 
orifice  boxes  are  of  the  usual  type,  of  enameled  iron  10.\ 
25x8  in.  An  electrically  driven  pump  furnishes  200  gal. 
of  water  per  minute.  The  contract  specifies  a  rate  of  2 
gal.  per  minute  per  square  foot  of  filter  area  or  116,000 
gal.  per  day. 

The  gravity  filter  at  the  women's  gymnasium  consists 
of  a  single  concrete  filter  tank  6x8  ft.,  G  ft.  9  in.  deep.  The 
filter  bed  is  10  in.  of  gravel  and  2  ft.  6  in.  of  sand.  The 
overflow  of  filter  is  set  5  ft.  3' 2  in.  from  the  floor.  A 
baffled  sedimentation  basin  6x10  ft.,  6  ft.  9  in.  adjoins  the 
filter.  The  alum  and  chlorine  apparatus  are  as  above 
described  for  the  pressure  filters.  The  gravity  filter, 
operating  at  a  rate  of  2  gal.  per  minute  per  square  foot 
of  filter  area,  will  filter  138,240  gal.  per  day. 


F13.  ' — Fiiters  at  the  VScn^.er.'s  Pcci;  Alum  Tank  in  Foregro..nd;  Settling  Basir;  Filter  Next  to  Wall.  Fig.  2 — Pressure  Filters  at  the 
Men's  Pool;  Chlorine  Apparatus  on  Wall  to  Left.  Fig.  3^The  Women's  Pool:  View  Looking  Toward  the  Shallow  End.  Fig.  .1 — The 
Mens  Pool:  Note  the  Clearness  of  the  Bottom.  Although  it  is  Under  8  Ft.  of  Water:  This  Water  Has  Been  in  Use  for  Nearly  Four 
Months. 


4  ft.  to  8  ft.  in  depth.  It  has  a  capacity  of  89,100  gal. 
The  women's  pool  is  60x24  ft.  and  from  3.9  ft.  to  7.8  ft. 
in  depth.  The  men's  pool  reaches  its  maximum  depth  at 
40  ft.  from  the  shallow  end  of  the  pool,  while  the  women's 
pool  does  not  reach  maximum  depth  until  55  ft.  from 
the  shallow  end.  In  the  latter  pool  there  is  a  drop  of 
only  1.7  ft.  in  the  first  30  ft.  The  capacity  of  this  pool 
is  61,200  gal. 

Both  pools  are  constructed  of  concrete  faced  with 
white  enameled  brick.  Green  enameled  brick  form  di- 
vision lines.  An  overflow  trough,  moulded  to  form  a 
handrail,  forms  the  edging  of  the  pool.  The  water  to  be 
purified  is  withdrawn  at  the  deep  end  of  the  pool  and 
after  purification  is  returned  under  water  at  the  shal- 
low ends.  Both  pools  are  housed  in  light  rooms,  open  for 
two  stories  and  furnished  with  galleries  for  spectators. 

The   pressure   filters   at   the  men's   gymnasium   are   in 


The  temperature  of  the  water  returned  to  the  pools 
is  regulated  by  means  of  steam-heating  devices  housed 
in  the  filter  rooms.  These  devices  are  controlled  by 
thermostat.  A  temperature  of  76'  F.  is  maintained  in 
the  water  of  the  men's  pool  and  a  temperature  of  84'  F. 
at  the  women's  pool. 

The  contracts  with  the  filter  company  call  for  the 
degree  of  purification  usually  specified  for  water  purifi- 
cation plants  by  companies  engaged  in  their  construc- 
tion. The  number  of  bacteria  growing  at  37'  C.  is  guar- 
anteed not  to  exceed  100  per  c.  c.  when  the  number  of 
bacteria  in  the  raw  water  does  not  exceed  5,000  per  c.  c. 
When  the  raw  water  exceeds  5,000  per  c.  c.  a  bacterial 
reduction  of  98  per  cent  is  guaranteed.  The  filtered 
water  is  guaranteed  to  conform  to  the  Government's 
standard  for  water  supplied  to  passengers  in  interstate 
traffic  as  regards  the  content  of  B.  coli.    A  certain  amount 
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of  ■water  is  removed  each  day  in  washing  the  filters  and 
fresh  water  from  the  mains  added  to  an  equivalent 
amount. 

The  chemicals  used  are  aluminum  sulphate,  or  "filter 
alum"  and  liquid  chlorine.  We  have  used  an  average  of 
about  4  lb.  aluminum  sulphate  per  day  for  each  pool. 
At  times  we  have  used  more,  the  ma.ximum  being  10  lb., 
which  was  used  at  the  men's  pool.  The  minimum  alka- 
linity of  the  pool  water  has  been  12'2  p. p.m.  We  do  not 
know  so  exactly  the  amount  of  liquid  chlorine  as  we 
have  not  had  platform  scales  available  and  our  relative 
dosage  is  small.  At  first  we  tried  to  use  a  very  small 
continuous  stream  of  chlorine,  but  owing  to  the  difficulty 
of  regulation,  we  abandoned  the  procedure.  We  then 
added  a  much  larger  dose  of  chlorine  at  night  and  omitted 
chlorine  entirely  during  the  day.  This  was  more  satis- 
factory to  the  users  of  the  pool  and  seemed  to  give  us 
better  results.  We  have  also  used  copper  sulphate  at 
times  when  our  chlorinator  valves  were  leaking.  While 
we  have  not  made  a  complete  enough  study  of  the  effi- 
ciency of  copper  sulphate  to  make  a  definite  statement, 
we  believe  that  our  results  with  liquid  chlorine  have  been 
more   satisfactory. 

It  is  hoped  that  a  number  of  small  improvements  may 
be  made  in  the  plants  during  the  summer.  There  should 
be  provided  a  means  of  wasting  the  first  water  to  flow 
through  the  filter  and  there  should  be  a  series  of  pet 
cocks  put  in  so  that  samples  of  the  water  can  be  taken 
more   conveniently. 

During  the  period  of  the  tests  reported  herein  (Jan.  21 
to  May  18,  1916),  the  pools  were  not  emptied,  although, 
as  mentioned  above,  fresh  water  was  added  at  the  time 
of  filter  washing.  Filters  were  washed  every  day  during 
the  greater  part  of  the  run.  The  physical  improvement 
of  the  water  can  best  be  seen  by  an  examination  of  the 
photograph  of  the  men's  pool.  The  water  is  at  rest.  The 
bottom  lines  appear  sharp  and  clear,  although  they  are 
beneath  8  ft.  of  water.  Shower  baths  with  soap  are  re- 
quired to  be  taken  by  each  person  before  using  the  pool. 
A  certain  amount  of  sediment  collects  on  the  bottom  of 
the  pool,  in  spite  of  this  precaution.  This  sediment  is 
removed  by  sweeping  it  toward  the  outlet  pipes  with 
brushes  weighted  with  lead  weights. 

The  samples  reported  upon  were  taken  near  the  shal- 
low ends  of  the  pools.  A  number  of  samples  were  se- 
cured at  the  deep  ends,  near  the  bottom,  at  the  surface, 
etc.  We  have  not  done  this  sort  of  sampling  system- 
atically and  we  therefore  plan  to  repeat  this  work  ne.xt 
year  in  a  systematic  manner.  A  sample  of  water  was 
taken  from  each  pool  daily,  e.xcept  holidays  and  during 
spring  vacation.  The  figures  given  in  the  table  record 
the  number  of  times  the  bacterial  counts  were  found 
within  the  given  limits.  At  no  time  were  the  limits  set 
forth  in  the  table  exceeded.  It  is  interesting  to  note  that, 
although  tests  were  made  daily  for  83  days,  the  colon 
bacillus  was  found  in  1  c.  c.  by  presumptive  test  on  but 
seven  days  in  the  men's  pool  and  on  but  three  days  in 
the  women's  pool.  It  is  also  noteworthy  that  in  the 
warmer  women's  pool  the  number  of  organisms  growing 
at  37°  C.  was  larger  and  the  number  of  organisms  grow- 
ing at  20°  C.  was  smaller  than  in  the  cooler,  men's  pool. 
The  difi'erence  in  temperature  was  only  8°  F. 

In  spite  of  the  difficulty  which  we  have  in  controlling 
our  supply  of  chlorine,  the  results  obtained  seem  to  be 
quite  satisfactory.  We  consider  that  in  the  purification 
the  37°  C.  count  is  much  more  significant  than  the  20°  C. 
count. 

The  operati^on  of  the  two  plants  and  the  examination 
of  the  samples  was  carried  on  under  my  direction  by 
Mr.  Harold  Barber,  a  junior  student  in  the  College  of 
Applied  Science.  Mr.  Barber  will  continue  the  work 
next  year  and  will  embody  the  results  in  his  thesis. 


A     HANDY     CHART     FOR     FIGURING     POWER 
CAPACITY  AND  EFFICIENCY  OF  PUMPS. 


Contributed   by   W'.   F. 


Schaphorst,   Woolworth   Building.    New 
Yorlf,  N.   Y. 


This  chart  will  be  found  useful  for  finding  the  horse 
power  necessary  to  do  almost  any  pumping  job  up  to  100 
h.p.;  for  finding  the  gallons  of  water  a  given  pump  will 
lift  per  minute;  for  finding  the  head;  or  for  finding  the 
efficiency  of  a  given  installation. 

For  example,  how  many  gallons  per  minute  will  be 
pumped  by  a  40  h.p.  motor  through  a  40-ft.  head,  the 
efficiency  of  the  pump  being  50  per  cent?  Join  the  40 
(column  A)  with  the  50  per  cent  (column  E )  and  locate 
the  instruction  with  column  C.    Then  run  a  straight  line 
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Chart  for  Computing   Power,  Capacity,   Etc..  of  Pumping   Plant. 

through  that  intersection  (column  C)  and  the  40  (column 
D)  and  the  answer  (1,950  gal.  per  minute)  is  found  in 
column  B. 

The  principal  point  to  remember  is — always  connect 
A  and  E;  B  and  D.  The  two  outside  columns  must  be 
used  together,  and  B  and  D  must  be  used  together. 

It  is  plain,  now,  that  knowing  three  of  the  values  in 
A,  B,  D  or  E,  the  fourth  one  is  easily  and  quickly  found 
without  any  computing. 

Whether  the  motive  power  is  electric,  steam,  gas,  or 
water,  makes  no  difference.  And  it  doesn't  matter  about 
the  pump  either — whether  duplex,  triplex,  reciprocating 
steam,  centrifugal  or  air  lift. 

When  figuring  efficiencies  I  usually  allow  about  80  per 
cent  for  duplex,  triplex,  and  reciprocating  pumps  in 
general;  a  good  modem  centrifugal  pump,  about  60  per 
cent;  and  for  air  lift  pumps,  40  per  cent  is  considered 
pretty  good.  Higher  efficiencies  than  these  have  been 
attained  with  all  of  the  above  pumps,  to  be  sure.  If  you 
know  the  exact  efficiency  of  your  pump  or  the  pump  you 
have  in  mind,  that  is  the  efficiency  to  use  in  the  chart,  of 
course. 
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SEWER    CLEANING    MACHINE    USED    AT    HAM- 
MOND,  IND. 

The  illustrations  show  a  sewer  cleaning  device  used 
successfully  for  a  number  of  years  at  Hammond,  Ind.,  and 
developed  by  John  F.  Kuhlman,  head  of  the  department  of 
public  works  of  that  city.  The  diagram,  Fig.  1,  depicts 
the  operation  of  cleaning  a  sewer.  The  bucket,  shown 
by  Fig.  2,  is  introduced  at  manhole  A  and  pulled  ahead 
by  the  machine  at  manhole  B  until  filled;  if  working  near- 
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The  new  design  is  known  as  the  Talbot  Compound  Air 
Lift  System  and  is  now  in  use  in  the  Gloucester  City, 
N.  J.,  water  works,  the  Camden,  N.  J.,  water  works  and 
in  many  industrial  plants  and  institutions.  Messrs.  Ed- 
wards &  Co.  gave  the  city  of  Camden  a  guarantee  to  pump 
their  wells  at  a  rate  of  50  per  cent  more  water  per  cubic 
foot  of  air  used  than  was  obtained  by  their  old  equip- 
ment. The  first  well  equipped  showed  67  per  cent,  the 
second  well,  which  had  a  well-known,  patented  lift, 
showed  189  per  cent,  and  the  third  well  showed  over  100 


E.&C. 


&-i. 


Fig.    1 — Diagram    Shewing     Operation    of    Cleaning    a    Sewer    With     a    Kuhlman   Sewer   Cleaning    Machine. 


est  manhole  A  the  pull  is  then  reversed,  closing  the  front 
conical  cutters  and  the  bucket  lifted  out  at  manhole  A; 
if  working  nearest  manhole  B  the  filling  pull  is  continued 
until  the  bucket  reaches  manhole  B  and  is  hoisted  out, 
then  it  is  hauled  back  toward  A  for  a  new  load.  Figure 
3  shows  one  of  the  windlass  trucks.  The  jaws  of  the 
bucket  have  sharp  cutting  edges  and  also  close  strongly, 
making  them,  it  is  claimed,  capable  of  cutting  root  masses 


per  cent.  These  old  lifts  were  all  standard  designs,  gen- 
erally considered  good. 

It  is,  however,  the  absolute  and  not  the  relative  per- 
formance which  appeals  most  strongly  to  the  engineer. 
The  accompanying  Table  I  gives  the  performance  of  the 
Talbot  System  in  one  of  the  Camden  wells. 

The  air  was  measured  with  a  General  Eleetric  air  flow 


1 

ll 

w-_      ^ 

Q) 

65               ^            ' 

^          s 

o"                         S 

^  ^        '^^k 

S/5(0                              l!s 

^^'^     :     ^°  k 

-c      it              ^^ 

,^                        ^flO^ 

1^  55                                        ^  ^ 

<=                                           i; 

T     -                            -          -S 

^^      -      -                             10^ 

^                                                        ^< 

^                                                   ^°  % 

,^a?                                              -^ 

^                                                   e.n\< 

V                      fi^ 

\                 ,^^^ 

-«fe                                        <;/7C 

^45                 ,  ^  ^  ^ 

t    ':Sff^                     ^°^ 

'Td.^^ 

Sfc^                 4n^ 

~^tu- 

V^              ^° 

40           '^ 

^                      ^       ^■~.                  .r, 

^v      JO 

\ 

110       190      510       530 
Gallons  P 

J50    yro      590 

3r  Minute 

Fi;s    2   and   3 — Cleaning    Bucket  and   Windlass  Truck.    Kuhlman   Sewer 
Cleaning    Machine. 

that  have  grown  into,  the  sewer.  Buckets  are  made  in 
five  sizes  for  sewers  from  12  in.  up  in  diameter.  A  fea- 
ture of  the  device  is  the  manhole  sheave  jack  and  arm; 
the  sheave  arm  being  hinged  tilts  back  when  the  bucket 
strikes  it  and  guides  the  bucket  out  of  the  manhole  with- 
out fouling.  This  cleaner  has  been  placed  on  the  market 
by  the  Champion   Potato  Machinery  Co.,   Hammond,  Ind. 


TESTS  SHOWING   HIGH   AIR  LIFT   PUMP   EFFI- 
CIENCY. 

(Contributed.) 

In  January.  1915,  a  series  of  experiments  was  under- 
taken by  L.  T.  Edwards  &  Co.,  of  Philadelphia,  for  the 
purpose  of  developing,  if  possible,  a  more  efficient  air  lift 
for  pumping  deep  wells.  After  several  hundred  experi- 
ments with  different  commercial  air  lifts  and  various 
experimental  forms,  a  design  embodying  some  radical 
changes  from  the  commercial  types  was  developed,  and 
very  gratifying  results  were  obtained. 


Diagram   of  Air  Lift  Pump   Efficiency. 

meter,  and  the  water  was  measured  by  pumping  into  a 
1,000-gal.  tank  for  an  interval  of  time  measured  with 
stop  watches.  The  accompanying  curves  were  plotted 
from  the  table.  The  normal  output  of  the  well  was  about 
300  gal.  per  minute  and  the  efficiency  at  this  point  was 
very  nearly  60  per  cent.  This  efficiency  is  over  all  from 
the  steam  end  of  the  compressor.     Fifteen  per  cent  was 
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added  to  the  theoretical  air  horsepower  to  allow  for  fric- 
tion. The  curves  show  that  when  the  well  is  forced 
beyond  the  normal  output,  the  efficiency  falls  off  rapidly. 
This  is  due  to  the  increase  of  water  friction  with  the 
higher  velocity  and  to  the  decreased  submergence. 

The  unprecedented  efficiency  obtained  by  the  Talbot 
lift  is  due  to  the  sum  of  a  large  number  of  small  refine- 
ments in  design  and  construction  and  a  few  radical  ones. 
The  lift  is  not  simply  a  foot-piece  and  well  top,  but  com- 
prises a  specially  designed  and  constructed  eduction  pipe, 
which  is  always  included  as  a  part  of  the  regular  equip- 
ment furnished. 


AN  OLD  AND  A  NEW  REGULATING  DAM  CON- 
STRUCTION, ERIE  CANAL,  NEW  YORK. 

At  Tonawanda,  N.  Y.,  at  the  western  end  of  the  Erie 
Canal,  a  regulating  dam  across  Tonawanda  Creek  controls 
the  Lake  Erie  level  extending  from  Buffalo  to  Lockport. 
The  first  dam  was  built  in  1825  and  was  a  timber  struc- 
ture with  masonry  abutments.  A  section  at  the  center 
of  this  old  dam  is  shown  by  Fig.  lA.  As  will  be  seen 
rather  primitive  construction  was  adopted,  but  it  endured 
nearly  a  century.  In  December,  1915,  this  old  dam  was 
washed  out  and  to  make  ready  for  canal  navigation   in 
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Fig.  1 — Details  of  Regulating  Dam  for  Erie  Canal  at  Tonawanda,  N.  Y. 
-A..    Section    ot    Old   Dam    Built    Prior    to    1S25;    B,    Section    Showing 
Flashboards  and  Pile  Bracing;  C.  Section  ol  Concrete  Cap;  D,  Typical 
Section  of  Completed  Dam. 

May,  1916,  a  substitute  structure  capable  of  rapid  con- 
struction had  to  be  designed.  Figures  B,  C  and  D  show 
the  design  developed. 

Two  parallel  rows  of  Lackawanna  sheet  piling  12  ft. 
apart  were  driven  out  shore  from  bank  bulkheads  to  meet 
at  an  angle  pointed  upstream.  The  stream  bottom  is  clay 
over  hardpan  and  piles  25  to  35  ft.  long  were  driven 
using  a  floating  driver.  The  space  between  piles  was 
filled  with  gravel  and  a  gravel  filling  was  placed  on  the 
upstream  side  and  a  riprap  embankment  on  the  down- 
stream side.  Over  the  sheet  piles  was  a  concrete  cap. 
A  typical  section  is  shown  by  Fig.  ID,  but  the  section 
varied  from  point  to  point.  The  concrete  cap  structure 
is  shown  in  detail  by  Fig.  IC.  A  feature  to  be  noted  is 
that  the  north  part  of  the  spillway  has  a  crest  elevation 
IVi  ft.  higher  than  the  south  part.  Along  the  south  spill- 
way provision  is  made  for  flash  boards  as  indicated  by 
Fig.  IB.  The  flash  boards  were  cleated  shutters  made  of 
three  2xl0-in.  planks  12  ft.  long  and  each  shutter  was 
supported  by  three  hooked  rods  set  in  pipe  sockets  molded 
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into  the  concrete  SVi;  ft.  apart.  To  brace  the  sheet  piling 
a  diagonal  bracing  of  turnbuckle  rods  was  used,  as  shown 
by  Fig.  IB.  At  the  ends  of  the  dam  are  steel  sheet  pile 
bulkheads.  The  contractor  for  the  dam  was  the  Henry  P. 
Burgard  Co.,  Buffalo,  N.  Y.,  with  Charles  A.  Dennis,  Buf- 
falo, N.  Y.,  as  subcontractor  for  pile  driving.  The  dam 
was  designed  by  the  New  York  State  Engineer  Office;  B. 
E.  Wiling  was  resident  engineer  and  to  him  we  are  in- 
debted for  the  material  for  this  article. 


A  WEIR  METER  WHICH  GIVES  FLOW  DIRECTLY 
PROPORTIONAL  TO  HEAD  OF  WATER. 

In  registering  or  recording  the  flow  of  water  through 
the  ordinary  weir  meter  a  complex  mechanism  is  neces- 
sary because  the  discharge  of  the  weir  is  in  proportion  to 
an  odd  power  of  the  head.  The  sketches  show  a  weir  and 
assembled  weir  meter  which  eliminate  these  objections. 
As  shown  by  the  assembled  sketch  the  meter  box  is  di- 
vided into  an  upper  and  a  lower  chamber.  Water  enters 
the  upper  and  is  stilled  by  baffle  plates  before  coming  to 
the  weirs  at  the  end  opposite  the  inlet  valve.  As  many 
weirs  are  used  as  the  volume  to  be  metered  demands. 
Through  the  weirs  the  water  enters  the  lower  chamber 
in  which  is  the  outlet.  Suitable  indicators,  registers,  re- 
corders and  gage  glasses  complete  the  meter.     The  vital 
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Proportional    Weir    Meter. 

feature  of  the  meter  is  the  cycloid  weir.  From  the  sketch 
it  is  clear  how  as  the  head  or  depth  of  water  above  the 
crest  increases  the  area  available  for  discharge  is  gradual- 
ly reduced.  By  forming  the  weir  to  the  proper  Qurve,  the 
discharge  is  made  directly  proportional  to  the  head.  This 
weir  meter  is  made  bv  the  Kennicott  Co.,  Chicago  Heights, 
111. 


GROUT  WASHING  INTERIOR  OF   BRICK  LINED 
AQUEDUCT  TO  REDUCE  LEAKAGE. 

During  September,  1915,  the  interior  surface  of  the 
Wachusett  aqueduct  of  the  Boston  and  Metropolitan  Water 
Supply  of  Massachusetts,  crossing  Assabet  bridge  was 
given  two  coats  of  Portland  cement  grout  containing 
about  2  per  cent  of  Medusa  waterproofing  compound,  to 
determine  its  effect  upon  the  leakage  from  the  aqueduct 
at  this  place,  which  appears  to  take  place  through  fine 
cracks  in  the  brick  lining.  Before  applying  the  cement 
grout  the  surface  of  the  masonry  was  thoroughly  cleaned 
with  wire  brooms  and  a  strong  solution  of  carbonate  of 
soda.  The  section  of  the  aqueduct  treated  is  353  ft.  in 
length  and  about  1,100,  sq.  yd.  of  surface  were  covered  at 
a  cost  of  $240.99.  While  it  is  evident  that  a  large  portion 
of  the  leakage  has  been  stopped,  opportunity  has  not  been 
had  to  make  observations  during  freezing  weather  after 
the  aqueduct  has  been  flowing  full  for  a  few  days. 


METHOD  OF  SUPPORTING  AND  INSULATING  A 
CAST  IRON  MAIN  CROSSING  A  BRIDGE. 

The  sketch  shows  the  method  of  carrying  a  12-in.  cast 
iron  water  main  across  the  Summer  Creek  bridge  at  Mid- 
dletown,  Conn.  The  bridge  was  of  the  reinforced  concrete 
girder  type  in  two  spans,  and  the  pipe  was  carried  under- 
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neath  between  two  girders,  but  independently  supported 
on  pier  and  abutments,  as  clearly  indicated  by  the  sketch. 
The  pipe  bridge  in  two  spans  consisted  for  each  span  of 
a  box  girder  composed  of  two  channels  latticed  top  and 
bottom.  Within  the  girder  the  pipe  rested  on  saddles 
curved  to  the  radius  of  the  pipe  and  riveted  to  the  bottom 
flanges  of  the  channel.  To  protect  the  pipe  from  freezing 
it  was  wrapped  with  expanded  metal  on  which  was  trow- 
eled first  a  coat  of  hair  mortar  and  then  a  coat  of  cement 
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Method   of  Carrying  Water  Main   Across   Bridge. 

and  sand  mortar,  which  was  finally  grout-washed  with  a 
brush.  This  covering  forms  a  dead  air  space  about  the 
pipe  which  proved  effective  in  the  prevention  of  freezing 
of  this  water  main.  The  velocity  of  water  in  the  pipe  is 
quite  low  during  the  hours  of  1  to  5  a.  m.,  but,  notwith- 
standing this  fact,  it  did  not  freeze  last  winter  during  tem- 
peratures as  low  as  10°  below  zero  and  a  week  of  zero 
weather.  Gordon  Z.  Smith,  Superintendent  of  Water 
Works,  Middletown,  Conn.,  designed  and  installed  the  pipe 
crossing. 


LAND  RECLAMATION  CONTEST  FOR  BOYS. 

The  Du  Pont  Company  of  Wilmington,  Del.,  has  just 
announced  something  entirely  new  in  the  agricultural 
line,  that  is,  a  Land  Reclamation  Contest.  It  should  sure- 
ly prove  a  success.  There  are  millions  of  acres  of  land 
literally  going  to  waste  in  this  country  today  because  of 
stumps,  stones,  boulders,  swamps,  gullies  and  other  such 
conditions  that  handicap  farming.  All  farmers  know  that 
with  these  troubles  removed  the  ground  can  be  turned 
into  fertile,  profitable  fields.  Many  farmers  are  too  busy 
with  their  present  fertile  land  to  bother  with  the  waste 
acres,  hence  this  contest  is  surely  the  boy  of  the  farm's 
opportunity.  It  will  give  him  a  chance  for  greater  devel- 
opment. All  men,  in  any  branch  of  life,  know  that  the 
more  responsibility  you  put  on  a  person,  especially  a 
young  man,  the  better  he  likes  his  work  and  the  harder 
he  works.  Such  should  be  the  case  with  the  above  con- 
test; it  will  increase  his  interest  and  have  the  tendency 
to  keep  him  on  the  farm. 

The  idea  of  the  contest  is  for  the  farmer  to  look  over 
his  farm  and  pick  out  the  bad  spots,  then  turn  one  acre 
of  it  over  to  his  son,  or  another  interested  boy,  and  let  him 
improve  it. 

If  it  is  covered  with  stumps  or  boulders  let  him  clear 
it.  If  it  is  swampy,  let  him  drain  it.  Any  method  of  rec- 
lamation is  allowed.  The  company  does  not  even  insist 
upon  the  use  of  dynamite,  although  in  most  cases  it  has 
proven  to  be  the  most  efficient  method. 

The  main  points  of  the  contest  are,  to  clear  :he  land, 
improve  the  soil  and  then  raise  a  crop.  No  special  crop 
is  specified,  the  only  restrictions  in  the  contest  being  that 
the  work  on  the  one  acre  must  be  planned  and  done  or 
supervised  by  the  boy  himself. 

The  country  has  been  divided  into  six  sections  and  the 
following  prizes  will  be  awarded  to  the  boys  of  each  sec- 
tion showing  the  best  results  commensurate  with  cost: 

North  Atlantic  States  (Maine.  Xew  Hampshire.  Vermont.  Massa- 
chusetts. Rhode  Island.  Connecticut,  Xew  York.  Xew  Jersey, 
Pennsylvania,  Delaware,  Maryland,  Ohio,  Virginia,  West  Vir- 
ginia) : 

First  prize   $.iO.OO 

Second  prize  30.00 

Third   prize 20.00 

South  Atlantic  States  (Alabama,  Florida.  CJeorina.  Kentucky, 
Mississippi.   North   Carolina,    South   Carolina,    Tennessee) : 

First  prize   $50.00 

Second  prize   30.00 

, Third   prize   20.00 

North  Central  States  (Illinois,  Indiana.  Iowa,  Michigan.  Minne- 
sota.  Xet.raska,  X'orth  Dakota,  South  Dakota,   Wisconsin) : 

First  prize   J50.00 

Second  prize  30.00 

Third  prize   20.00 


139 


South    Central    States    (Arkansas,    Kansas,    Louisiana,    Missouri. 
Oklahoma,  Texas); 

First  prize   $50.00 

Second  prize  30.00 

Third   prize   20.00 

Western    States    (Arizona,    Colorado,    Idaho,    Montana,    Nevada, 
Xew  Mexico,  t'tah,  VVyoming): 

First  prize   $50.00 

Second  prize   30.00 

Third   prize   20.00 

Pacific  Coast  States  (California,  Oregon,  Washington): 

Fir.st  prize   $50.00 

Svco7id  prize   30.00 

Third   prize    20.00 

Besides  the  above  cash  prizes  to  winners  they  will  pre- 
sent each  contestant  receiving  honorable  mention  with  a 
one  year's  paid  subscription  to  any  farm  paper  published 
in  the  United  States — contestant  to  choose  paper.  The 
following  conditions  govern  the  contest: 

The  Du  Pont  Land  Reclamation  Contest  for  Boys  will  start  offi- 
cially at  once.  All  entries  must  be  received  not  later  than  January 
1,  vm. 

The  contest  will  close  December  1.  1917,  and  all  reports  must  be  in 
ihe  hands  of  the  Du  Pont  Agricultural  Division,  Wilmington,  Delaware, 
before  December  1,  1917. 

iSach  entry  blank  provides  for  the  official  entry  of  only  one  (1) 
acre  (43.560  sq.  ft.)  of  ground.  If  a  great  number  of  acres  are  entered 
by  any  one  contestant  a  separate  entry  slip  for  each  acre  so  entered 
must  be  sent  in. 

Reports  and  records  of  each  acre  entered  by  a  contestant  will  be 
required.  Special  blanks  are  provided  for  this  purpose  and  will  be 
sent  upon  receipt  of  entry  blank. 

In  returning  report  blank  for  final  award  each  report  must  be  veri- 
fied hy  the  County  .\(,rlcultural  Agent  or  two  neighboring  farmers,  not 
relatives. 

This  contest  will  surely  stimulate  the  reclamation  of 
much  idle  land,  and  being  free  from  restrictions  or 
"strings,"  will  no  doubt  have  the  support  and  co-opera- 
tion of  all  agricultural  enthusiasts  and  workers. 


POWER  DEVELOPMENT  POSSIBILITIES  OF  COM- 
PLETED RECLAMATION  SERVICE 
PROJECTS."^ 

The  United  States  Reclamation  Service  in  the  construc- 
tion of  irrigation  works  has  on  many  of  its  projects  a  by- 
product in  the  shape  of  hydro-electric  power,  usually  in 
blocks  too  small  to  be  considered  in  connection  with  any 
extensive  electrochemical  industry,  but  in  a  few  cases 
large  enough  to  be  thus  utilized. 

Minidoka  Project. — On  the  Minidoka  project  in  southern 
Idaho,  the  Reclamation  Service  has  built  a  diversion  dam 
which  also  provides  considerable  storage  and  a  head  of 
46  ft.  upon  the  wheels  of  a  power  plant  constructed  there 
with  a  capacity  of  10,000  hp.  This  power  is  fully  utilized 
during  the  summer  months  for  irrigation  pumping,  and  a 
large  amount  of  power  is  still  available  for  use  in  the 
winter.  A  further  development  of  10,000  hp.  could  be 
cheaply  made  which  could  be  utilized  the  year  around. 

Boise  Project. — In  Idaho  the  Reclamation  Service  has 
built  a  high  masonry  storage  dam  about  240  ft.  above  the 
river  bed.  More  than  1,000,000  acre  feet  of  water  have 
to  pass  this  dam  site  every  year,  all  of  which  is  used  for 
irrigation  in  minimum  years,  but  in  ordinary  years  there 
is  considerable  surplus.  Power  development  at  this  dam 
could  utilize  the  head  in  the  reservoir  which  varies  from 
60  to  2.30  ft.  The  quantity  of  water  available  during  the 
summer  would  be  about  5,000  cu.  ft.  per  second,  which 
would  be  diminished  in  the  spring  and  fall,  and  in  the 
winter  only  about  200  cu.  ft.  per  second  could  be  drawn. 
Provision  has  been  made  for  the  convenient  installation 
of  power  to  the  extent  of  17,000  hp.  at  this  site.  A  greater 
amount  could  be  developed  during  the  summer  if  found 
desirable. 

Pathfinder  Dam,  North  Platte  Project.— The  Pathfinder 
Dam  on  the  North  Platte  River  is  210  ft.  high,  forms  a 
reservoir  of  1,100,000  acre-feet,  and  intercepts  an  annual 
flow  which  varies  from  1,000,000  acre-feet  to  over  3,000,- 
000  acre-feet.  The  water  of  low  and  average  years  is  all 
required  for  irrigation.  It  could  be  utilized  for  power 
as  it  comes  from  the  reservoir,  but  would  be  available  only 
six  or  eight  months  of  the  year,  and  the  head  would  vary 
from  60  ft.  to  200. 

Elephant  Butte  Dam,  Rio  Grande  Project. — A  large 
amount  of  power  is  available  during  the  irrigation  season 
at  the  Elephant  Butte  Dam,  but  usually  during  two  or 
three  months  of  the  winter  no  power  is  available. 

The  power  is  to  be  developed  by  using  water  drawn 

•Extract  frcm  a  paper  by  Arthur  P.  Davis.  Chief  Engineer,  U.  S. 
Reclamation  Ser\Mce.  before  the  American  Electrochemical  Society. 
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from  the  reservoir  as  needed  for  irrigation  under  the 
available  head  in  the  reservoir  at  the  time  dravk'n.  The 
available  head  will  vary  from  65  to  185  ft.,  and  the  max- 
imum quantity  of  water  drawn  will  be  about  2,500  cu.  ft. 
per  second.  During  eight  months  of  the  year  it  would  be 
possible  to  develop  from  20,000  to  30,000  hp.,  according 
to  the  head  available  and  the  quantity  of  water  needed 
for  irrigation. 

The  development  of  power  was  considered  in  design- 
ing the  dam  and  six  5-ft.  power  outlets  were  installed. 
The  maximum  output  from  these  would  amount  to  12,000 
hp.  An  8,000  hp.  plant  has  been  estimated  to  cost  about 
$420,000. 

The  construction  of  a  hydro-electric  plant  for  commer- 
cial purposes  would  be  unattractive,  as  a  large  steam  aux- 
iliary would  be  required  in  order  to  operate  in  the  winter 
when  no  water  is  drawn  from  the  reservoir.  The  feasible 
power  development,  however,  is  well  adapted  to  the  needs 
of  pumping  for  irrigation  for  which  market  exists  within 
feasible  transmission  distance. 

Shoshone  Project. — On  the  Shoshone  project  a  masonry 
dam  has  been  constructed  in  the  canyon  of  the  Shoshone 
River  about  250  ft.  above  the  river  bed.  This  dam  fur- 
nishes a  storage  reservoir  of  about  450,000  acre-feet  ca- 
pacity and  water  is  stored  primarily  for  irrigation  pur- 
poses. The  flow  of  the  stream,  however,  when  thus  reg- 
ulated is  greater  than  required  for  the  irrigable  lands  and 
will  furnish  a  surplus  of  water  which  can  be  used  for 
power  purposes  during  the  winter.  The  river  falls  rapidly 
below  the  damsite,  and  it  is  easily  feasible  to  develop 
power  varying  from  25,000  hp.  in  winter  to  40,000  hp.  in 
summer  of  average  years. 


THE  CLEANING  UP  AND  IMPROVEMENT  OF  A 

STREAM   POLLUTED   BY   SEWAGE    AND 

TRADE  WASTES. 

Contributed  by  Harrison   P.   Eddy,  of  Metcalf  &  Eddy,  Consulting 
Engineers.    Eiislon   .ind   Chicajio. 

For  many  years  Massachusetts  has  taken  an  advanced 
position  in  the  sanitary  control  of  both  inland  and  tidal 
waters.  This  is  partly  because  of  the  density  of  popula- 
tion and  the  small  size  of  the  streams,  which  conse- 
quently afford  comparatively  little  dilution  for  sewage 
and  industrial  wastes.  Here,  as  in  all  other  communities, 
the  initial  practice  was  to  discharge  raw  sewage  and 
untreated  trade  wastes  into  conveniently  accessible 
waters.  The  result  in  several  instances  has  been  the 
creation  of  unsatisfactory  conditions,  sometimes  of  nui- 
sances and  occasionally  of  conditions  popularly  believed 
to  be  detrimental  to  the  public  health.  The  Neponset 
River  is  a  good  illustration  of  these  conditions  and  of 
the  improvements  which  may  be  made  to  alleviate  them. 

Physical  Features  of  Neponset  River. — The  Neponset 
River  rises  about  22  miles  from  and  discharges  into  Dor- 
chester Bay,  an  arm  of  Boston  Harbor.  Its  natural  drain- 
age area  is  114.14  square  miles.  It  also  receives  one- 
third  of  the  flow  of  the  Charles  River  at  Dedham,  equiva- 
lent to  the  drainage  from  66.2  square  miles.  The  total 
area  tributary  to  the  Neponset  River  at  tidewater  is  there- 
fore 180.3  square  miles.  There  are  several  tributary 
streams,  the  largest  of  which  is  the  Canton  River,  drain- 
ing an  area  of  31.2  square  miles. 

In  its  upper  and  lower  portions  the  river  has  a  rapid 
fall,  which  early  invited  the  construction  of  a  number  of 
dams  for  impounding  water,  which  is  now  used  princi- 
pally, however,  for  technical  purposes,  although  to  some 
extent,  for  the  development  of  power.  The  middle  por- 
tion of  the  river  flows  through  large  areas  of  wet  lands 
known  as  the  Fowl  Meadows,  which  have  an  area  of  3,662 
acres  and  are  only  about  13  miles  from  Boston. 

The  normal  yield  of  the  drainage  area  is  probably  about 
as  follows : 

Mil,  g:al,  Cu,  ft.  Mil,  gal,  Cu,  ft. 

Month,                     daily,  per  sec.  Month,                     daily,  per  sec. 

January    216  334        July    31  49 

February    304  470        August    45  69 

March   492  762        September   40  62 

April   3.'>6  551        October    76  117 

Mav    190  294         Noyembcr    135  209 


June 
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The  actual  flow  is  much  more  uniform  than  the  natural 
flow  would  be,  because  of  the  regulating  effect  of  the 
storage  reservoirs. 

Popuhition. — The  river  flows  through,  or  along  the  bor- 
ders of,  eight  towns  and  the  city  of  Boston.  While  the 
towns,  with  one  exception,  are  small,  the  total  population 
in  the  drainage  basin  is  large,  and  at  the  lower  end  the 
river  runs  through  a  rather  thickly  populated  suburban 
portion  of  Boston.  In  1915  the  aggregate  population  of 
the  towns  was  about  45,000  and  of  the  portion  of  the  city 
of  Boston  lying  within  the  drainage  area  about  as  many 
more. 

Sanitary  Condition. — The  sanitary  problem  of  the  Ne- 
ponset may  naturally  be  divided  into  two  parts — first,  the 
drainage  and  reclamation  of  the  Fowl  Meadows  and  the 
general  improvement  of  the  physical  condition  of  the 
channel  and  adjacent  land;  second,  the  treatment  and 
disposal  of  trade  wastes  and  sewage,  so  that  they  may 
not  cause  a  nuisance  or  endanger  the  public  health. 

This  river  and  the  Fowl  Meadows  have  been  the  sub- 
ject of  investig'ation  by  state  authorities  since  1873.  The 
last  report  is  that  of  the  Commissioner  of  Health,  issued 
under  date  of  January  10,  1915,  accompanied  by  the  report 
of  X.  H.  Goodnough,  Chief  Engineer  of  the  Department  of 
Health.  Some  of  the  data  given  in  the  following  pages 
are  taken  from  the  latter  report. 

In  1875  the  State  Board  of  Health  found,  after  an 
investigation  of  the  river,  and  with  the  aid  of  a  number 
of  chemical  analyses,  that  there  was  "no  evidence  that  it 
was  noticeably  polluted  at  any  point,  unless  perhaps  in 
the  vicinity  of  Walpole."  The  river  at  this  time  is  said 
not  to  have  been  at  the  low  state  usual  in  a  dry  summer. 
In  1885  "The  odor  of  the  river  in  the  vicinity  of  the  ink 
works  is  said  to  have  been  very  bad." 

As  a  result  of  an  extended  investigation,  the  Board 
reported  in  1891  that  "The  Neponset  River,  though  not 
wholly  free  from  pollution  by  the  waste  products  of  hu- 
man life,  even  in  its  upper  portions,  is  pre-eminently  a 
river  which  is  polluted  by  manufacturing  wastes."  (Mass. 
St.  Bd.  Health  Rept.  1891,  p.  328.)  The  Board  at  this 
time  laid  considerable  emphasis  upon  the  large  dark 
patches  of  floating  mud  seen  upon  the  surface  of  mill- 
ponds  and  the  river.  In  one  pond  it  is  said  that  the 
patches  of  floating  matter  sometimes  covered  half  an  acre 
or  more.  Usually  it  did  not  exceed  an  inch  in  thickness, 
but  in  one  case  it  measured  3  in.  in  thickness. 

Again  in  1895  another  examination  was  made  and  the 
Board  found  the  condition  of  the  river  to  be  much  worse 
than  in  1891. 

From  PleasELnt  Street  to  Canton  raver  the  water  was  very  dirty 
and  carried  a  large  amount  of  suspended  matter,  and  floating  upon 
its  surface  was  an  enormous  number  of  the  pieces  of  black  refen-ed 
to.  The  banks  and  bottom  were  covered  with  slime  and  refuse  from 
manufacturing  establishments  above,  and  the  odor  of  the  stream  was 
very  offensive.  Near  Canton  River  the  current  slackens  and  some  of 
the  suspended  matters  are  deposited,  so  that  the  bottom  of  the  river 
for  a  long  distance  above  and  below  Canton  River  is  covered  with 
decomposing  organic  matter,  from  which  bubbles  of  gas  rise  to  .the 
surface.  The  floating  patches  of  organic  matter  were  much  more 
numerous  than  in  18',ll,  and  these  and  probably  other  organic  matter 
collecting  in  the  coves  and  bays  along  the  river  through  the  great 
meadows  make  them  extremely  offensive,  particularly  when  the  water 
IS  low.  and  the  mud  flats  are  exposed.  The  river  was  very  turbid  and 
had  a  strong  and  very  offensive  odor  nearly  the  whole  length  of  its 
course  through  the  great  meadows,  .  .  .  The  odor  in  Hyde  Park 
was  extremely  offensive  from  the  numerous  drains  and  privies  along 
the  banks  of  the  stream,— (Mass,  St.  Bd,  Health,  Spec.  Rept.  on 
Xeponset  Meadows,  1S97.  p,  11.) 

In  1897  only  about  one-sixth  of  the  area  of  the  meadows 
was  in  a  condition  adapted  to  profitable  agriculture. 
They  appeared  to  have  been  growing  worse  and  many  of 
the  larger  owners  had  abandoned  the  attempt  at  drainage 
by  open  ditches  on  account  of  the  steadily  diminishing 
returns  from  crops.  As  regards  health,  the  Board  found 
that  for  years  there  had  existed  a  popular  belief  that  the 
meadows  had  become  a  source  of  sickness;  that  "intelli- 
gent observers  report  that  these  meadows  are  at  times 
the  source  of  disagreeable  odors  and  the  direct  cause  of 
much  sickness"  (Mass.  St.  Bd.  Health  Rept.  1916,  p  17), 
and  that  "the  upper  portion  of  the  stream  was  very  seri- 
ously polluted."  For  these  several  reasons  and  in  spite 
of    convenient    transportation    facilities,    a    tract    of    11 
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square  miles,  comprising  meadows  and  neighboring  up- 
land, at  an  average  distance  of  13  miles  from  the  State 
House  in  Boston,  is  uninhabited. 

To  remedy  the  insanitary  conditions,  the  Board  recom- 
mends : 

pirst. — Such  additional  legislation  as  will  prevent  the  entrance 
Into  this  stieam  of  sewage  and  manufacturing  wastes  which  have  not 
been  satisfactorily  purined. 

Second. — The  permanent  removal  of  the  dashboards  of  the  dam  of 
the  Mattapan  .Mills,  the  enlargement  of  the  cross-section  of  the  river 
at  points  inilicated  on  Plan  No.  3.  together  with  a  deepening  and 
reconstruction  cf  the  channel  at  such  places  as  may  be  found  neces- 
sary for  maliing  a  channel  of  such  width  and  grade  as  will  prevent 
the  Hooding  of  the  meadows  durinsr  the  times  of  high  flows  in  late 
spring  and  summer.     .     .     . 

Drainage  of  Fowl  Meadows. — The  second  measure,  au- 
thorized in  part  in  1911,  has  been  nearly  completed  by 
the  State  Board  of  Health  and  its  successor,  the  State 
Department  of  Health. 

The  length  of  the  old  main  and  tributary  river  chan- 
nels, covered  by  this  work,  is  12.81  miles.  The  improve- 
ment in  alignment  has  shortened  the  channel  1.56  miles. 
The  new  main  river  channel  has  a  capacity  sufficient  to 
carry,  without  overflowing  its  banks,  a  quantity  of  water 
equivalent  to  4  cu.  ft.  per  second  per  square  mile  of  tribu- 
tary drainage  area;  the  slope  of  its  bed  is  0.58  ft.  per 
mile;  the  total  fall  of  the  water  surface  with  a  flow  of 
4  cu.  ft.  per  second  per  square  mile,  is  4.5  ft.,  equivalent 
to  0.41  ft.  per  mile,  and  the  surface  of  the  water  in  the 
channel  under  these  conditions  is  from  1.1  to  1.8  ft.  below 
the  general  level  of  the  surrounding  meadows. 

The  cost  of  this  undertaking  has  been  $202,765.98,  of 
which  a  sum  of  only  $3,505.96  is  chargeable  to  the  land 
damage  account.  The  State  has  defrayed  the  e.xpense  of 
this  improvement,  in  the  first  instance,  but  the  statute 
provides  that  one-half  of  the  said  expense  shall  be  repaid 
to  the  commonwealth  by  the  eight  towns  and  the  city  of 
Boston,  which  shall  also  pay  the  cost  of  maintenance  of 
the  channel  of  the  river  and  the  works  or  structures  taken 
or  otherwise  acquired  in  connection  therewith.  The 
towns  and  the  city  of  Boston  are  in  turn  required  to  as- 
sess the  amount  paid  to  the  commonwealth  upon  the  land 
benefited,  in  proportion  to  the  betterment  thereof. 

Additional  Drainage  Improvements. — To  complete  and 
render  fully  eflfective  the  improvement  of  the  channel 
already  nearly  completed,  additional  drainage  ditches 
must  be  excavated,  which,  with  other  work  required,  is 
estimated  to  cost  $58,910.  The  improvement  of  the  river 
channel  and  adjacent  lands  from  the  Fowl  Meadows  down 
to  the  dam  at  tidewater  have  been  estimated  to  cost  $95,- 
277.50.  The  work  covered  by  this  latter  estimate  will 
provide  a  more  satisfactory  river  channel  and  eliminate, 
by  filling  or  draining,  certain  mosquito-breeding  swamps. 

Total  Cost  of  Drainage  Improvements. — Should  the  Leg- 
islature decide  to  complete  all  of  the  work  reported  upon 
by  the  State  Department  of  Health,  the  probable  cost  will 
be  about  $362,000.  If  subsequent  statutes  provide  for 
the  assessment  of  betterments  to  the  same  extent  as  the 
statutes  already  passed,  the  cost  to  the  State  will  be  about 
$181,000  and  an  equal  amount  to  the  property  owners 
benefited.  The  amount  already  expended  is  but  $202,- 
765.98,  however. 

Prohibition  of  Pollution  of  River. — Pursuant  to  the  first 
of  the  two  recommendations  of  1897,  the  Massachusetts 
Legislature  in  1902  passed  a  statute  prohibiting  the  pol- 
lution of  the  Neponset  River  and  its  tributaries;  sections 
1  and  2,  here  quoted,  are  of  particular  interest: 

Section  1.  The  State  Board  of  Health  is  hereby  authorized  and 
directed  to  prohibit  the  entrance  or  discharge  of  sewage  into  any  part 
of  the  Neponset  River  or  its  tributaries,  and  to  prevent  the  entrance 
or  discharge  therein  of  every  other  substance  which  may  be  injurious 
to  public  health  or  may  tend  to  create  a  public  nuisance,  or  to 
obstruct  the  flow  of  water.  Including  all  waste  or  refuse  from  any 
factory  or  other  establishment  -nhere  persons  are  employed,  unless  the 
owner  thereof  shall  use  the  best  practicable  and  reasonably  available 
means  to  render  such  waste  or  refuse  harmless. 

Section  2.  The  Board  shall  consult  and  advise  with  any  such 
owner  at  his  request  or  of  its  own  motion  as  to  the  best  practicable 
and  reaionably  available  means  of  rendering  such  waste  or  refuse 
harmless,  having  regard  to  the  circumstances  and  requirements  of 
the  situation  and  to  the  industrial  interests  involved. — (Chap.  541.  Acts 
of  1902.) 
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This  statute  empowered  the  courts  to  enforce  its  provi- 
sions and  any  order  made  by  the  State  Board  of  Health 
in  conformity  therewith,  proceedings  for  enforcement  to 
be  instituted  and  prosecuted  by  the  attorney-general  upon 
the  request  of  the  State  Board  of  Health  or  of  any  other 
party  in  interest. 

In  1906  the  Legislature  passed  an  act,  Chap.  360, 
amending  the  Act  of  1902.  Sections  1  and  2  of  the  Act  of 
1902  were  amended  so  as  to  read  as  follows: 

.Section  1.  The  State  Board  of  Health  Is  hereby  authorized  and 
directed  to  prohibit  the  entrance  or  discharge  of  sev/age  into  any  part 
of  the  Neponset  River  or  Its  tributaries,  and  to  prevent  the  entrance 
or  dl.scharge  therein  of  every  other  substance  which  may  be  injurious 
to  public  health  or  may  tend  to  create  a  i)ubllc  nuisance. 

Section  2.  The  Board  shall  consult  and  advise  with  the  owner  of 
any  factcry  or  other  establishment,  at  his  reciuest  or  its  own  motion, 
a.s  to  the  best  practicable  and  re.-isonably  available  means  of  rendering 
the  waste  or  refuse  therefrom  harmless. 

The  provision  for  the  enforcement  of  the  act  was  not 
materially  altered,  but  a  penalty  was  provided  for  failure 
to  comply  with  its  provisions.  It  was  the  evident  inten- 
tion of  the  original  act  to  have  reasonable  regard  for 
manufacturing  industries.  The  section  providing  the 
penalty  is  as  follows: 

Section  1.  ^Vhoever  permits  the  entrance  or  discharge  into  any 
I)art  of  the  Neponset  Illvor  or  Its  tributaries  of  sewage  or  of  any 
other  substance  injurious  to  pulilic  health,  or  tending  to  create  a 
public  nuisance,  shall  be  punished  by  a  fine  not  exceeding  $oOO  for 
e.'ich  offense. 

Comparison  of  these  two  acts  shows  a  decided  tendency 
toward  more  stringent  prohibition  against  the  pollution 
of  the  river.  The  only  respect  with  which  the  statute  of 
1906  is  less  strict  than  that  of  1902  is  that  the  former 
statute  omitted  the  prohibition  of  the  discharge  of  sub- 
stances which  may  obstruct  the  flow  of  the  river,  and 
limits  the  prohibition  solely  to  substances  which  may  be 
injurious  to  public  health  or  may  tend  to  create  a  public 
nuisance.  It  is  important  to  note  also  that  both  statutes 
placed  upon  the  State  Board  of  Health  the  absolute 
responsibility  for  instituting  proceedings  for  the  enforce- 
ment of  the  acts  through  the  attorney-general. 

Sewage  Disposal.^While  much  excrementitious  matter 
formerly  reached  the  river,  none  of  the  towns  have  re- 
cently had  extensive  systems  of  sewers  which  discharged 
into  it.  There  were  numerous  privies  along  the  banks, 
some  private  sewers  and  a  few  municipal  drains  which 
discharged  into  the  river,  and  many  mill  closets  were  so 
placed  as  to  utilize  the  stream. 

Norwood,  the  largest  of  the  towns,  is  provided  with  a 
sewage  treatment  plant.  In  the  lower  end  of  the  valley 
the  sewage  is  discharged  into  a  Metropolitan  sewer,  which 
discharges  into  Boston  Harbor.  The  small  towns  which 
do  not  have  access  to  the  Metropolitan  sewer  have  as  yet 
no  sewer  systems. 

Early  Stages  of  Wastes  Treatment  Problem. — The  Ne- 
ponset River  has  been  utilized  as  a  source  of  industrial 
water  supply,  for  producing  power  and  as  a  means  of 
getting  rid  of  liquid  industrial  wastes  for  many  years. 
A  tannery  was  established  as  early  as  1776,  to  which  the 
Winslow  Bros.  &  Smith  Co.  is  the  present  successor.  In 
1797  the  antecedent  of  Bird  &  Son,  paper  mill,  was  estab- 
lished. Thus  for  considerably  more  than  100  years  these 
establishments  have  made  use  of  the  waters  of  this  river 
in  the  ways  mentioned. 

Changed  conditions  are  due  to  two  causes — an  increase 
in  the  business  done,  resulting  in  the  discharge  of  greater 
quantities  of  waste,  and  an  increase  in  the  population 
resident  near  the  lower  portion  of  the  river. 

At  the  time  the  prohibitory  statutes  were  passed  no 
effort  was  made  to  keep  separate  the  sewage,  trade  wastes, 
condenser  water,  roof  water,  and  other  relatively  clean 
waters.  Each  particular  liquid  was  disposed  of  in  the 
most  convenient  manner.  The  first  step  was,  therefore, 
the  construction  of  drainage  systems  to  provide  for  the 
separation  of  some  of  the  wastes  which  were  previously 
combined,  and  to  combine  and  convey  to  a  pumping  sta- 
tion or  the  treatment  plant  those  which  could  be  handled 
together  economically.  While  this  involved  expense  and 
presented  difficult  problems  in  many  cases,  it  was  by  no 
means    as   difficult   and    perplexing   as    devising   efficient 
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practical  processes  of  treatment.  Wastes  from  different 
plants  required  entirely  different  means  of  treatment, 
and  often  different  processes  within  the  mill  produced 
wastes  of  such  widely  dissimilar  character  that  a  single 
method  of  treatment  would  not  serve  both  adequately. 
This  condition  led  to  many  investigations  and  experi- 
ments. Large  sums  were,  and  are  even  now,  being  ex- 
pended upon  such  work. 

Magnitude  of  Mill  Owners'  Problem. — The  problem 
created  by  the  passage  of  the  prohibitory  statutes  of 
1902  and  1906  has  proved  to  be  of  far  greater  magnitude 
than  probably  was  anticipated  at  the  outset  by  many  of 
the  interested  parties.  The  size  and  importance  of  the 
general  problem  may  be  explained  best  by  two  illustra- 
tions from  the  experience  of  the  writer's  firm,  which  has 
served  as  consulting  engineer  in  both  cases. 

The  first  problem  presented  was  that  of  Bird  &  Son's 
paper  mill  at  East  Walpole.  This  mill  is  engaged  in  the 
manufacture  of  heavy  papers,  from  hemp,  cotton,  burlap 
and  old  paper.  A  portion  of  the  raw  stock  is  boiled  with 
strong  alkali,  washed  and  made  into  paper.  There  are 
three  liquid  wastes — the  strongly  alkaline  boiler  wastes, 
containing  much  dirt  and  vegetable  matter;  the  washer 
wastes,  which  vary  greatly  from  hour  to  hour,  and  which 
contain  alkali,  dirt  and  vegetable  matter,  and  the  machine 
wastes,  which  contain  finely  divided  fiber  which  escapes 
from  the  paper  machines.  All  of  the  wastes  are  some- 
what colored  and  at  times  the  washer  and  machine  wastes 
are  rather  highly  colored. 

While  the  quantities  of  these  wastes  vary  greatly  from 
time  to  time,  they  average  about  as  follows: 

Gal.  per  day. 

Boiler    wastes    : 11,000 

Washfr  wastes   255,000 

Machine  wastes    3,200,000 

A  comparison  of  the  quality  of  the  paper  mill  wastes 
with  that  of  some  municipal  sewages,  may  be  made,  with 
the  results  of  analyses  given  in  Table  I.  As  would  be 
expected,  the  nitrogenous  compounds  are  rather  low,  al- 
though in  the  washer  wastes  the  albuminoid  ammonia  is 
nearly  as  high  as  in  the  Brockton  sewage,  which  is  very 
strong.  The  carbonaceous  matter,  especially  in  the 
washer  wastes,  is  high  and  the  total  and  suspended  solids 
are  much  higher  than  in  ordinary  municipal  sewage. 

It  is  illuminating  to  compute  from  these  analyses  and 
the  quantities  of  the  respective  wastes,  the  approximate 
population  or  size  of  municipality  from  which  equivalent 
quantities  of  similar  substances  would  be  produced  and 
discharged  as  sewage.  The  results  of  such  computations 
appear  in  Table  II.  Although  there  are  relatively  small 
quantities  of  organic  niti'ogenous  compounds  in  these 
wastes,  it  is  seen  that,  if  measured  by  the  albuminoid 
ammonia,  they  contain  a  quantity  equivalent  to  the  sew- 
age from  a  city  of  nearly  20,000  inhabitants;  the  total 
and  suspended  solids  are  equivalent  to  the  quantities  pro- 
duced by  a  city  of  nearly  100,000  persons. 

At  Winslow  Bros.  &  Smith  Co.'s  tannery  the  wastes  not 
only  comprise  the  various  wash  waters  and  spent  tan  and 
dye  liquors  common  to  sheepskin  tanneries,  but  also  the 
scouring  liquors   and   rinse   water  from  the  scouring  of 

TABLE'  I.— COMPARISON  OF  PAPER  MILL.  WASTES  WITH 

MUNICIPAL  SEWAGES. 

(Parts  per  million.) 

Wor- 
Washer    Machine         cester       Chicago  Brockton. 
Nitrogen  as:  wastes.*     wastes.*    sewage.t     sewage.t  sewage.t 

Free  ammnnia l.TS  0.5X  £0.3  8.S  61.2 

Albuminolrl  ammonia       15.8  3.63  7.1  ...  22.1 

Oxygen,  consumed^. .  4S0  15S  193  19  247 

Residue  on  evaporation: 

Total    3.908  I.ISS  882  1,584 

Suspended    2,344  748  276  141  892 

•Analysis  by  State  Board  of  Health,  Nov.  5,  1914. 

iBoiling  5  minutes. 

tFrom    "American   Sewerage   Practice,"  Vol.   Ill,   pp.   ISO  and  181. 

TABLE  11.— EQUIVALENT  POPULATION  TO  PRODUCE  SEWAGE 
CONTAINING  SAME  QUANTITIES  OF  THE  SPECIFIED  IN- 
GREDIENTS AS  PAPER  MILL  WASTES— BROCKTON,  MASS., 
SEWAGE  TAKEN  AS  BASIS. 

Population  to  produce  sewage  equivalent 

Ingredients —  to^ 

^,,.  Washer  Machine  Wa.=her  and 

Nitrogen  as:  wastes.  wastes.  machine  wastes. 

tree    ammonia 200  800  1,000 

.'Albuminoid  ammonia 5,10ii  14  600  19*700 

Oxygen  consumed    14,200  58,300  72*500 

Residue  on  evaporation: 

Total    17,900  68,300  86,200 

Suspended    19,100  76,900  16  000 
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wool.     The  quantities  of  combined  tannery  and  degreased 
scouring  liquors  and  rinse  waters  are  about  as  follows: 

Gal.    per  day. 

Combmed  wastes    4S.",0')0 

Rinse  waters    225^000 

Total    ua.sti's    710. noo 

The  composition  of  these  wastes  and  the  population 
which  would  produce  an  equivalent  quantity  of  similar 
substances  as  sewage,  are  indicated  in  Table  III. 

It  will  be  seen  that  these  wastes  are  far  stronger  than 
the  Brockton  sewage  in  all  deterniinations  except  free 
ammonia.  It  appears  also  that  they  are  equivalent,  so 
far  as  the  analyses  can  indicate,  to  the  sewage  of  a  city 
of  from  18,000  to  35,000  population. 

From  these  comparisons  of  paper  mill  and  tannery 
wastes  with  municipal  sewage  it  is  easy  to  understand  the 
difficulties  encountered  and  the  burden  of  expense  in- 
curred by  the  manufacturers,  in  the  treatment  of  their 
wastes. 

TABLE  III.— COMPARISON  OF  TANNERY  WASTES  WITH  MU- 
NICIPAL SEAVAGE  AND  EQUIVALENT  POPULATION  TO  PRO- 
DUCE SEWAGE  CONTAINING  SAME  QUANTITIES  OF  SPECI- 
FIED INGREDIENTS— BROCKTON  SEWAGE  TAKEN  AS  BASIS. 

Combined     Rinse     Brockton 
Ingredients — ■  wastes,      waters,     sewage,     Equivalent 

Nitrogen  as;  p. p.m.         p. p.m.         p. p.m.     population. 

Free  ammonia    17.9  0.28  61.2  4,000 

Albuminoid    ammonia 29.3  1.5  22.1  18,300 

Oxygen   consumed    444  27.7  247  25,600 

Residue  on  evaporation: 

Total     3.915  190  1,584  34,900 

Suspended     1,243  34  892  19,500 

Progress  in  Treatment  of  Trade  Wastes. — Much  prog- 
ress has  been  made  in  the  diversion  or  treatment  of  the 
trade  wastes.  The  State  Department  of  Health  reported 
that  there  are  now  (1916)  about  thirty  mills  discharging 
more  or  less  wastes  into  the  river.  Some  of  "the  wastes 
consist  only  of  small  quantities  of  acids  and  mineral  salts, 
which  have  very  little  effect  upon  the  stream." 

Before  the  prohibitory  statutes  were  passed,  one  wool 
scouring  concern  abandoned  its  location.  Some  manu- 
facturers have  diverted  a  portion  of  their  business  to 
other  plants,  and  one  has  abandoned  the  manufacture  of 
one  line  of  goods,  thus  avoiding  the  production  of  a  large 
quantity  of  liquid  wastes  which  were  very  difficult  to 
treat. 

Eleven  manufacturers  have  provided  sedimentation 
tanks  and  ten  have  constructed  strainers  or  filters  of  cin- 
ders, coke  or  sand.  Some  have  adopted  chemical  precipi- 
tation as  a  means  of  improving  upon  the  efficiency  of 
natural  sedimentation.  Treatment  plants  have  been  pro- 
vided in  nearly  all  cases  where  the  wastes  require  treat- 
ment. Some  of  them,  however,  are  of  insufficient  size  and 
others  need  additional  equipment  to  carry  the  treatment 
fui'ther. 

Bird  &  Son's  Treatment  Plant. — These  wastes  have  been 
very  carefully  segregated  into  three  classes,  as  already 
described.  The  boiler  wastes  are  utilized  for  sprinkling 
streets,  thus  serving  the  double  purpose  of  laying  the 
dust  and  disposing  of  the  wastes. 

The  washer  wastes  are  pumped  to  four  sedimentation 
tanks,  having  an  aggregate  storage  capacity  of  220,000 
gal.  The  settled  wastes  then  pass  either  directly  to  the 
river  or  to  a  dosing  tank  of  55,000  gal.  capacity,  from 
which  they  are  periodically  discharged  on  to  filter  beds 
constructed  chiefly  of  coarse  sand.  There  are  2.25  acres 
of  filters  which  are  capable  of  handling  about  127,500  gal. 
per  working  day,  of  the  settled  wastes,  except  during  the 
winter,  when  it  has  been  found  impracticable  to  prevent 
freezing,  because  the  wastes  are  cold.  In  the  winter  the 
settled  wastes  are  discharged  into  the  river.  During  the 
remainder  of  the  year  the  excess  wastes  above  the  ca- 
pacity of  the  filters  are  discharged  into  the  river.  During 
warm  weather  and  when  the  natural  flow  of  the  river  is 
low,  a  definite  measured  quantity  of  water  is  drawn  from 
storage,  to  provide  as  much  dilution  as  the  water  re- 
sources will  permit.  Tests  indicate  that  a  dilution  of  5 
parts  of  river  water  to  1  of  wastes  has  a  stability  of  7 
days,  and  10  parts  to  1  has  a  stability  of  11  days. 

In  a  single  year  the  settling  solids  removed  from  the 
washer  wastes  amount  to  about  6,700  cu.  yd.  of  wet  sludge, 
which  is  thus  prevented  from  reaching  the  river.     This 
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sludge  is  drawn  off  on  to  sludge  drying  beds,  from  which 
it  is  taken  in  a  semi-dry  spadable  condition  and  hauled 
to  a  dump.  The  6,700  cu.  yd.  of  wet  sludge  was  reduced 
by  drying,  to  about  1,960  cU.  yd. 

The  effluent  from  the  sand  filters,  when  they  are  not 
overworked,  is  stable,  free  from  objectionable  odor,  and 
suspended  matter  is  practically  absent,  under  the  most 
favorable  conditions. 

The  impracticability  of  operating  the  filters  with  the 
cold  wastes  in  winter  has  led  to  prolonged  studies  to 
devise  a  method  of  treatment  which  will  give  a  satisfac- 
tory effluent  and  will  not  be  seriously  affected  by  low- 
temperature.  The  State  Department  of  Health  now  has 
before  it  the  recommendation  based  on  these  studies,  and 
if  it  gives  its  approval,  the  present  plant  will  be  so  ampli- 
fied as  to  be  able  to  produce  a  satisfactory  effluent  at  all 
times. 

The  machine  wastes  are  subject  to  a  treatment  entirely 
independent  of  that  given  the  washer  wastes.  The  for- 
mer are  treated  with  chemicals,  pumped  to  settling  tanks 
having  an  aggregate  capacity  of  860,000  gal.  After  a 
proper  period  of  sedimentation  the  usually  clear  a^d  prac- 
tically colorless  effluent  is  discharged  into  the  river,  with- 
out further  treatment. 

The  quantity  of  suspended  matter  removed  from  the 
machine  wastes  is  five  times  as  great  as  that  removed 
from  the  washer  wastes.  The  machine  wastes  solids  thus 
prevented  from  reaching  the  river  are  therefore  equiva- 
lent to  33,500  cu.  yd.  of  wet  sludge,  or  9,800  cu.  yd.  of 
dried  sludge  per  year.  The  quantity  of  solids  removed 
from  both  washer  and  machine  wastes  is  therefore  equiva- 
lent to  40,200  cu.  .\d.  of  wet  sludge  and  11,760  cu.  yd.  of 
dried  sludge  per  year. 

Winslow  Bros.  &  Smith  Co.  Treatment  Plant.— The 
wastes  from  the  several  processes  in  use  at  this  tannery 
vary  so  greatly  in  quality  that  it  has  been  deemed  nec- 
essary to  keep  certain  of  them  separate  that  each  may 
be  dealt  with  in  the  most  practical  manner.  This  neces- 
sitated a  collecting  system  by  which  the  wool-scourin^j 
liquors  are  conducted  to  the  degreasing  plant,  the  rinse 
waters  from  the  wool-scouring  department,  after  screen- 
ing, are  conveyed  to  Hawes  Brook,  a  tributary  of  the 
river,  and  the  wastes  of  the  other  processes  combined  and 
conveyed  to  the  treatment  plant. 

The  wool  scouring  liquors,  after  sedimentation,  are 
treated  for  removal  of  grease  by  the  acid-cracking  proc- 
ess in  common  use  for  this  purpose.  The  supernatant 
liquors  drawn  off  from  the  acid-cracking  tanks  are  con- 
ducted to  the  combined  wastes  channel  and  there  mixed 
with  the  other  wastes  requiring  treatment. 

The  combined  wastes  are  brought  together  at  one  point, 
where  they  are  passed  through  an  inclined  rack  for  the 
purpose  of  removing  sticks  and  other  coarse  material 
which  might  injure  the  pumps.  The  screened  wastes  are 
then  pumped  to  sedimentation  tanks,  through  which  they 
pass  slowly,  and  in  which  the  settling  solids  are  retained. 
There  are  eight  of  these  tanks,  which  have  an  aggregate 
working  capacity  of  900,000  gal. 

Only  three  tanks  are  used  for  the  sedimentation  process. 
Two  or  three  are  used  as  required  for  the  storage  of  night 
and  holiday  flows  and  the  others  are  used  for  precipita- 
tion tanks  when  it  is  necessary  to  treat  the  settled  wastes 
with  chemicals. 

The  sedimentation  process  removes  the  settling  solids, 
which  constitute  about  65  per  cent  of  the  total  suspended 
matter.  The  wet  sludge  removed  from  the  tanks  amounts 
to  about  6,300  cu.  yd.  per  year,  which  indicates  a  part  of 
what  is  being  accomplished  in  the  prevention  of  undue 
pollution  of  the  river. 

There  are  three  other  treatment  processes  utilized  at 
this  plant — intermittent  filtration,  dilution,  and  chemical 
precipitation.  While  all  of  the  combined  wastes  pass 
through  the  settling  tanks  and  are  thus  deprived  of  those 
suspended  solids  which  might  otherw-ise  be  deposited  in 
the  river,  the  other  processes  are  used  when  practicable 
and  as  may  be  necessary  to  produce  a  character  of  water 
in  Hawses  Brook  which  shall  not  cause  a  nuisance  after  it 
reaches  the  river.     In  winter  when  temperatures  are  low- 
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and  in  spring  when  there  is  a  high  flow  in  the  river,  the 
tank  effluent  is  discharged  without  further  treatment.  As 
soon  as  the  river  falls  so  as  to  provide  inadequate  dilu- 
tion and  the  temperature  becomes  high  enough  to  endan- 
ger the  stability  of  the  brook  water,  the  filters  are  put 
into  use. 

There  are  3.5  acres  of  sand  filters.  By  most  careful 
operation  and  frequent  cleaning  they  are  worked  to  the 
practical  limit  of  their  capacity  from  about  June  to  No- 
vember. Their  capacity  varies  with  different  conditions, 
but  ranges  from  30,000  to  50,000  gal.  per  working  day.  The 
effluent,  when  the  beds  are  operating  normally,  is  clear, 
free  from  suspended  matter,  substantially  odorless  and 
well  oxidized.  Nitrification  is  good,  for  these  wastes  are 
high  in  organic  nitrogen  and  encourage  bacterial  action. 

During  the  early  summer,  while  the  temperature  is 
moderate  and  there  is  a  good  flow  in  the  river,  that  por- 
tion of  the  tank  effluent  which  cannot  be  filtered  is  dis- 
charged into  the  brook  without  further  treatment.  The 
brook  water,  therefore,  consists  of  the  natural  flow  of  sur- 
face water,  the  sand  filter  effluent,  the  comparatively  clean 
rinse  waters  from  the  wool-scouring  department  and  that 
portion  of  the  tank  effluent  which  cannot  be  filtered.  The 
aim  is  to  produce  a  water  which,  as  it  leaves  Hawes  Brook, 
will  keep  sufficiently  long  to  avoid  putrefaction  before  it 
reaches  tidewater. 

The  "ne.xt  line  of  defense"  is  dilution.  A  few  years 
ago  the  company  built  a  large  storage  reservoir  which, 
together  with  other  small  reservoirs  on  Hawes  Brook,  has 
a  storage  capacity  of  about  800,000,000  gal.  Suitable  con- 
trolling and  measuring  works  are  provided,  so  that  this 
water  is  drawn  when  the  tank  effluent  is  being  discharged. 
The  quantity  drawn  is  in  proportion  to  the  quantity  of 
wastes  being  discharged,  and  frequent  tests  and  analyses 
are  made  to  serve  as  a  guide  in  determining  the  quantity 
of  diluting  water  to  be  drawn. 

The  danger  of  long-continued  drought  makes  it  unwise 
to  draw  the  water  entirely  out  of  the  reservoirs,  for  the 
tannery  is  dependent  upon  them  for  water  for  steam  and 
for  technical  purposes.  Therefore,  when  the  demand 
upon  the  supply  becomes  very  large  in  hot  weather  and 
when  the  river  discharge  is  at  a  minimum  the  settled 
wastes  are  treated  by  chemical  precipitation.  This  not 
only  reduces  by  50  per  cent  the  proportion  of  diluting 
water  required,  but  it  also  increases  the  quantity  of 
wastes  the  sand  filters  can  handle  successfully. 

From  this  brief  description  it  will  be  seen  that  great 
progress  has  been  made  in  the  treatment  and  that  the 
treatment  is  carried  out  in  an  intelligent  manner,  with  a 
regard  for  the  laws  of  nature,  with  the  exercise  of  care 
to  avoid  undue  pollution  of  the  river,  and  with  a  reason- 
able effort  to  utilize  all  available  resources. 

Present    Status    of    Wastes    Treatment    Problem. — The 

State  Department  of  Health  has  made  analyses  of  sam- 
ples of  Neponset  River  water  taken  from  June  to  Novem- 
ber each  year  since  1886.  These  results,  taken  from  a 
diagram  in  the  report  dated  January  5,  1916,  averaged  by 
four  and  five-year' periods,  are  given  in  Table  IV.  This 
table  also  contains  factors  obtained  by  multiplying  the 
results  of  analyses  in  parts-per-million  by  the  flow  in  gal- 
lons-per-day  per  square  mile  of  drainage  area. 

These  analyses  show  that  there  was  a  gradual  increase 
in  the  pollution  of  the  river  water,  as  indicated  by  the 
free  and  albuminoid  ammonia  determinations  each  five 
years  until  the  end  of  1910.  There  has  been  a  very 
marked  decrease  during  the  last  five  years,  in  spite  of  low 
rates  of  river  discharge.  This  comparison,  however,  does 
not  indicate  all  of  the  improvement  which  has  been  ac- 
complished, because  it  takes  no  account  of  the  total  quan- 
tity of  polluting  substances  in  the  river.  This  is  indi- 
cated by  the  factors.  From  these  it  will  be  seen  that  the 
pollution  as  indicated  by  the  free  ammonia  has  been  less 
during  the  last  five  j'ears  than  during  either  of  the  two 
preceding  similar  periods.  The  albuminoid  ammonia  in- 
dicates less  pollution  during  the  last  period  than  in  any 
other  except  that  ending  in  1895,  and  55  per  cent  less  than 
that  of  the  period  ending  in  1905. 
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TABLE    IV.— COMPOSITION    OF    NEPONSET    RIVER    WATER. 
18S7-1915. 

Free  AUnimi-         All:>uminoid 

Free  am-          ammonia  noid  am-  ammonia 

Period.            nionla.  p. p.m.        •factor.  monia.  p.p.m.  •factor. 

1SS7-18SI0 0.7                      0.5!I7  3.9  3.142 

1.S!>1-1SU5 2.S                    1.101  3.9  1.330 

1S»(;-1900 3.7                    0.751  5.9  2.333 

1901-1905 4.6                    1.939  S."  3.816 

190C-1910 11.8                    2.5S1'  12.0     .  3.124 

■    1910-1915 8.1                     1.795  9.0  1.719 

•Parts  per  million  x  gallons  river  discharge  per  square  mile  per 
day. 

In  spite  of  this  improvement,  bills  are  annually  intro- 
duced in  the  Legislature,  aiming  at  more  stringent  regu- 
lations and  more  rigid  enforcement  of  the  prohibitory 
statutes.  At  the  outset  of  the  agitation  the  protection 
of  the  public  health  appeared  to  be  the  predominating 
concern  of  those  striving  for  legislation.  Recently  other 
standards  appear  to  be  increasingly  considered,  as  indi- 
cated by  the  following  quotation  from  a  proposed  but  de- 
feated bill  of  1915: 

A  ri\er  shall  be  held  to  be  polluted  within  the  meaning  of  this  act 
whenever  by  the  introduction  or  discharge  into  its  water  of  any  for- 
eign or  deleterious  substance:  (a)  it  shall  gi^■e  out  any  noxious  or 
offensive  smell,  odor  or  v.apor,  which  condition  is  a  menace  to  the 
public  health;  (b)  it  shall  become  discolored  in  such  a  way  as  to  be 
unsightly  or  ottensive,  Or  (c)  it  shall  become  poisonous  or  dangerous 
to  fish  or  animal  life  subsisting  therein,  or  to  livestock  using  the  same 
as  a  drinking  place;  (d)  it  shall  become  injurious  to  vegetation  in  its 
vicinit;'.     (Mass.   Senate  Bill  77,   1915.   Sec.   2) 

That  existing  wastes  treatment  plants  must  and  ought 
to  be  amplified  in  some  instances  is  conceded  by  the  manu- 
facturers, and  projects  are  now  under  way  which  will 
increase  greatly  the  efficiency  of  wastes  treatment.  The 
expenditure  already  made  in  the  construction  of  wastes 
treatment  plants  probably  approaches  $500,000,  and  with 
such  additions  as  are  contemplated  will  certainly  sub- 
stantia'lly  exceed  this  sum.  A  comparison  of  this  expen- 
diture with  that  of  $202,000  by  the  State  and  benefited  land 
owners,  upon  the  drainage  of  the  Fowl  Meadows  and  im- 
provement of  the  river  channel,  is  not  without  signifi- 
cance. But  the  capital  expenditure  is  not  the  heaviest 
burden — the  fixed  and  operating  charges  probably  now 
exceed  $50,000  per  year,  and  they  may  run  to  $100,000 
within  a  very  short  time. 

The  work  thus  far  done  demonstrates  that  the  indus- 
trial wastes  can  be  so  treated  as  to  prevent  the  creation 
of  deposits  in  the  river  and  the  evolution  of  the  inherent 
odors  of  trade  wastes  or  offensive  odors  due  to  putrefac- 
tion. But  how  much  more  exacting  the  requirements  will 
be  made  by  future  legislation  is  not  yet  demonstrated. 
It  is  to  be  hoped  that  they  will  not  be  made  so  drastic 
that  the  industries  will  be  driven  to  other  less  restricted 
localities.  A  reasonable  use  of  the  river  by  manufactur- 
ers should  not  conflict  with  a  reasonable  enjoyment  of  it 
by  the  citizens  of  the  towns  through  which  it  flows  and 
may  result  in  the  greatest  good  to  all  concerned. 


REMOVING  SUBMERGED  PIPE  LINES  BY 
DERRICK. 

Two  24-in.  flexible  joint  pipe  lines  under  Chelsea  Creek 
between  Chelsea  and  East  Boston,  Mass.,  were  success- 
fully removed  in  1915  by  lifting  them  in  sections  by 
derrick.  The  old  pipe  lines,  which  were  buried  about  5  ft. 
below  the  bottom  of  the  channel,  were  removed  without 
excavating  a  trench,  by  pulling  them  up  in  sections  with 
a  large  wrecking  lighter  equipped  with  a  derrick  having  a 
boom  95  ft.  in  length.  The  sections  usually  included  two 
or  three  pipes  but  on  one  occasion  seven  pipes  were  pulled 
up  at  one  lift.  The  derrick  sling  was  placed  around  the 
pipes  by  a  diver  who  made  the  necessary  excavation  for 
this  purpose  with  a  jet  of  water  supplied  from  a  pump 
on  the  lighter. 


PERSONALS. 

Jerome  Suramerficld  has  been  promoted  from  pitometer  operator 
to  assistant  engineer  of  the  Water  Board  of  Baltimore,  Md. 

F.  H,  Volks,  assistant  engineer  of  construction  of  the  Water  De- 
partment, Cleveland,  O.,  was  killed  in  a  tunnel  accident  on  July  24. 

C.  Boone  Sadler,  907  North  .\rlington  avenue,  Baltimore,  Md.,  has 
been  appointed  pitometer  engineer  of  the  water  department  of  that 
city. 

S.  T.  DeLaMater,  consulting  engineer,  Chicago,  has  been  elected 
president  of  the  Chicago  General  Construction  Co.,  with  offices  in  the 
Manhattan    building,    Chicago,    111.      Mr.    DeLaMater    was    previously 


associated   with   Graham,    Burnham   &   Co.,   James   Stewart   &   Co..   L. 
P.    &    J.    H.    Smith    and    other    well-known    engineering    construction 

companies. 

\Vm.  G.  Sloan,  chief  engineer  of  MacArthur  Bros.  Co.,  New  York 
C'it>'  and  Chicago,  lias  been  elected  vice-president  to  succeed  F.  C. 
Hitchcock. 

John  H.  Chidestcr,  3441  Queen  Lane.  Philadelphia,  has  been  ap- 
pointed chief  steel  Inspector  for  the  Department  of  City  Transit  of 
Philad  >lphia. 

William  A.  Schell,  Charlotte,  N.  C,  has  become  connected  with 
the  Jacksonville  Engineering  &  Construction  Co.  of  Jacksonville,  Fla., 
and   has   i-emoved   to  that   city. 

S.  M.  Bate  has  been  appc-inted  engineer  of  the  Kansas  City  Stock 
Yards  Co.  oC  Kansas  City,  Mo.,  succeeding  Henry  A.  Wise,  for  the 
past  tv.enty  years  engineer  of  the  companj'. 

R.  \V.  Sharp,  for  several  years  superintendent  of  the  filter  plants 
and  city  bacteriologist  of  Roci\  Island,  111.,  has  re-entered  the  em- 
ployment  of  the   Pitsburgh  Filter  Mfg.   Co.,    of   Pittsburgh,    Pa. 

.lohn  L.  Mange  has  been  elected  vice-president  of  the  J.  G.  AVhite 
^laiiayeinent  Corporation  of  New  York  City.  Mr.  Mange  has  been 
a-ssociated  with  tlie  ^Vhite  Management  Corporation  since   1912. 

Earl  i\lclntire,  for  the  past  seventeen  years  connected  with  the 
engineering  department  of  tlie  Youngstown  works  of  the  Republic 
Iron  &  Steel  Co.,  has  been  appointed  field  engineer  for  the  Canadian 
Steel   Corporation    of    Ojibway,   Ontario. 

Howard  W.  Morgan,  formerly  senior  engineer  with  the  Sewerage 
Commission  of  Milwaukee,  Wis.,  has  become  associated  with  the 
Dorr  Company,  engineers,  17  Battery  place,  New  York  City,  and  will 
specialize  in  sewage  disposal  probleuis. 

F.  C.  Hitchcock  has  resigned  as  vice-president  and  general  man- 
ager of  McArthur  Bros.  Co..  New  York  and  Chicago,  and  has  become 
vice-presi«lent  and  general  manager  of  the  Siems-Carey  Railway  & 
Canal  Co.,  which  will  undertake  extensive  construction  work  in  China. 

L.  J.  Charles,  construction  engineer  of  the  Elephant  Butte  project 
of  the  p;.  S.  Reclamation  Service,  has  been  appointed  to  a  position 
in  the  State  Engineer's  office  of  New  Mexico  and  will  have  charge  of 
hydrographic  work  and  stream  gaging  He  succeeds  S.  S.  Carroll, 
who  resigned  to  become  resident  engineer  of  the  Sanguijuela  project, 
near  Las   Vegas,   New  Mexico. 

The  Siems-Carey  Railway  &  Canal  Co.  has  taken  out  a  Delaware 
chaiter  with  a  capital  stock  of  $500,000.  The  company  proposes  to 
eoii.struct  canals  and  waterways.  The  incorpoiators  include  C.  L. 
Uimlinger,  Norman  P.  Coffin  and  Clement  M.  Egner.  These  same  in- 
corporators also  ha"»e  taken  out  a  charter  lor  the  China  Corporation, 
which  will  enter  into  contracts  with  builders  and  contractors,  etc. 

William  W.  Ewin.sj  has  been  selected  by  the  Bureau  of  Foreign  and 
Domestic  Commerce  of  the  U.  S.  Department  of  Commerce  to  conduct 
an  investigation  covering  all  the  soutliern  republics  regarding  a  mar- 
ket for  construction  materials  and  machinery  in  South  America.  Mr. 
Ewing  will  spend- the  next  three  months  visiting  the  principal  cities 
of  the  PTnited  States  and  conferring  with  manufacturers  with  regard 
to  the  work  he  v/ill  do  in  South  America.  Conferences  with  him  may 
be  arranged  and  suggestions  are  invited.  Correspondence  is  to  be  di- 
rected to  Division  of  Commercial  Agents,  Bureau  of  Foreign  and  Do- 
mestic Commerce,  Department  of  Commerce,  Washington.  D.  C.  Mr. 
Ewing  has  had  twer.ty-seven  years'  experience  in  engineering  and 
construction  work,  four  of  which  were  spent  in  foreign  countries.  He 
is  a  member  of  the  American  Society  of  Civil  Engineers  and  the 
American  Society  of  Testing  Materials.  He  was  chief  engineer  for 
the  Compania  General  de  Asfatos  y  Portland,  Barcelona,  Spain;  en- 
gineer of  tests  in  New  York  Department  of  Buildings  for  six  years, 
and  has  been  engineer  in  charge  for  a  number  of  years  for  some  of 
the  largest  internatici.al  engineering  and  construction  and  equipment 
companies. 

OBITUARY. 

Henry  J.  Spieker.  president  of  the  Henry  J.  Spieker  Co.,  general 
contractors,  of  Toledo,  O.,  died  suddenly  July  31,  as  the  result  of  heat 
prostration. 

James  A.  Mcintosh,  the  last  surviving  member  of  the  Mcintosh 
Brothers  Co.,  railway  contractors,  died  July  28  at  his  home,  20  Pros- 
pect avenue,  Milwaukee,  Wis.  Mr.  Mcintosh  was  born  in  1845  at 
Glengarry,  Ontario.  He  entered  into  the  contracting  business  in  1862 
with  his  brother,  the  late  Donald  A.  Mcintosh.  Their  most  notable 
construction  underttaking  was  the  building  of  SOO  miles  of  the  Chicago, 
Milvvaukee  &  Puget  Sound  Railway,  the  new  Pacific  Coast  extension 
of  the  fililwaukee. 


NEW  CATALOGS. 

Pumps. — Paper;   8  in.   x   11   in.,   24   pp.       Dayton-Dick  Co.,   Quincy,  111. 

This  consists  of  two  bulletins.  BuUetin  No.  13  illustrates  and  de- 
scribes the  Hayton  High  Grade  Centrifug.al  Pumps.  Type  C.  S.,  and 
Bulletin  No.  12  is  given  up  to  the  Hayton  Type  M.  Centrifugal  Pump. 
Complete  descriptions  of  these  pumps,  including  tables  of  size  and 
capacity  and  speed  range  and  power,  are  given. 
Motor  Trucks. — Paptr;   5  in.   x  S  in.,   40  pp.     Pierce-Arrow  Motor  Car 

Co.,   Buffalo.  N.   Y. 

The    title,    "What    Pierce-Arrow    Motor    Trucks   Are    Doing    in    the 
Contracting  Business."   explains  the  purpose  .of  this  booklet.     It  con- 
tains  a   considerable  amount  of  information  on  the  use  of   trucks  for 
various  classes  of  construction. 
Water  Works   Brass   Goods. — Paper;   7V2   in.  x   10'^   in.,  72  pp.     United 

Bi-a.-ts  Manufacturing  Co.,  Cleveland,  O. 

This  is  Catalo;^  D-1,  compiled  expressly  for  water  works.  It  is 
the  forerunner  of  a  general  catalog,  now  in  preparation,  which  will 
show  the  complete  "United"  lino  of  brass  goods.  The  catalog  contains 
several  tables  of  technical  matter  especially  selected  because  of  their 
practical  application  of  water  works  problems.  One  of  the  tables,  giv- 
ing the  proportionate  delivery  of  all  pipes  from  'i  in.  to  10  in.,  is 
original  and  was  calculated  for  this  book  by  Fred  Schulder,  head  of 
the  architects'  service  department. 


INDUSTRIAL   NOTES. 

Wallace  &  Tiernan  Co..  Inc..  manufacturers  of  Chlorine  Control 
Apparatus,  has  opened  its  new  factory  at  137  Center  St.,  New  York 
City,  where  the  company  will  have  over  three  times  its  former  floor 
space  and  much  better  facilities. 

A.  C.  Garrison  has  been  elected  president  of  the  Corrugated  Bar 
Co.,  succeeding  his  father.  D.  E.  Garrison,  who  died  early  in  July. 
A,  D.  Johnson  became  vice-president  and  general  manager  and  W. 
H.    Kennedy   vice-president   and  treasurer. 

The  Shawmut  Paving  Brick  Works,  of  Shawmut,  Pa.,  and  The 
Pennsvlvania  Clav  Co.,  Pittsburgh,  Pa.,  have  become  licensees  of 
the  Dunn  Wire-Cut  Lug  Brick  Co.  The  Shawmut  company  has  an 
approximate  daily  capacity  of  30.000  paving  brick,  but  the  company 
is  contemplating  the  enlargement  of  the  plant  to  a  50,000  daily  ca- 
IJacitv.  The  Pennsylvania  Clav  Co.  has  one  plant  at  Conway.  Pa., 
with  a  capacitv  of  60,000;  one  plant  at  Crows  Run,  Pa.,  with  a  ca- 
pacitv  of  60.000;  and  one  plant  at  Bradys  Run,  Pa.,  with  a  capacity 
of  40,000.  The  acquisition  of  these  two  companies  gives  the  Dunn 
Wire-Cut  Lug  Brick  Company  32   licenses,   operating  52   plants. 
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TRENCH  BACKFILLING  MACHINES. 

Ten  years  ago  it  required  insistance  to  make  the  ordi- 
nary trenching  contractor  listen  to  any  plan  for  using 
mechanical  trench  excavators.  Today  no  trench  is  too 
small  and  only  a  few  are  too  large  to  be  dug  with  trench 
excavators  and  the  contractor  is  rare  who  has  much 
trenching  to  do  and  does  not  do  it  largely  by  machinery. 
The  salesman's  task  of  the  trench  excavator  manufac- 
turer is  not  now  the  task  of  convincing  contractors  that 
trenching  by  pick  and  shovel  is  comparatively  uneconom- 
ical, but  the  task  of  inducing  choice  of  his  particular 
excavator  instead  of  the  excavator  of  one  of  a  number  of 
other  manufacturers.  With  time  and  competition  the 
trench  excavator  has  become  a  remarkably  efficient  and 
versatile  machine.  In  its  largest  sizes  it  weighs  over 
50  tons  and  will  excavate  trenches  nearly  30  ft.  deep 
and  7  ft.  wide;  with  its  smallest  sizes,  trenches  as  nar- 
row as  12  in.  and  as  shallow  as  3  ft.  may  be  dug.  A 
moment's  retrospection  makes  these  statements  impres- 
sive. 

Trenching  is  a  double  task  of  earth  moving — back- 
filling in  almost  all  work  of  trenching  succeeds  excava- 
tion. The  two  processes,  excavation  and  backfilling,  are 
co-ordinate  processes  of  a  single  operation.  In  the 
earlier  days  of  trench  excavation  development,  the  de- 
signers and  builders  of  trench  excavators  dreamed  fre- 
quently of  a  combination  device  which  would  accomplish 
these  co-ordinate  tasks.  Some  of  these  visions  material- 
ized. One  materialization  which  the  editor  remembers 
particularly  well  consisted  of  a  long  carriage  extending 
back  from  the  excavator  along  the  side  of  the  trench. 
This  carriage  supported  a  belt  conveyor  and  its  ordinary 
appurtenances.  Spoil  from  the  excavator  dropped  onto 
the  conveyor  belt  and  was  thereby  transported  to  the 
rear  and  shunted  back  into  the  trench.  The  arrange- 
ment was  successfully  mechanically,  but  it  was  tre- 
mendously cumbersome.  Appalling  to  the  contractor  as 
was  the  idea  of  a  75-ft.  train  of  mechanism  for  digging 
a  trench,  there  was  a  greater  real  obstacle  to  the  popu- 
larizing of  the  combination.  Its  success  depended  upon  - 
a  co-ordination  of  speeds,  excavating,  pipe  laying  and 
backfilling,  so  precise  as  to  be  impracticable.  At  least 
contractors  considered  such  precision  impracticable  and 
they  would  have  nothing  to  do  with  the  "contraption." 

There  remained,  however,  in  trenching  the  incongruity 
of  excavating  with  a  highly  specialized  and  economical 
mechanical  device  and  then  filling  back  the  excavated 
material  by  hand.  The  team  and  slip  scraper  advanced 
efficiency  but  did  not  fully  meet  the  demands.  It  was 
the  commercialization  of  the  drag  line  bucket  excavator 
that  finally  established  the  trench  backfilling  machine  as 
a  practicable  device.  The  builder  of  trenching  machinery 
produced  a  drag  line  bucket  excavator  in  miniature  and 
had  a  trench  backfilling  machine.  Its  appeal  to  trench- 
ing contractors  has  been  large  and  their  favor  has 
been  deserved,  and  is  deserved  for  other  reasons  than 
that  trench  backfilling  has  been  speeded  up  and  reduced 
in  cost.  In  the  standard  types  of  drag  line  scraper  back- 
fillers the  trenching  contractor  has  a  small  traveling 
power  plant  which  he  can  put  to  a  number  of  uses.  He 
can  pull  trench  sheeting  with  it  as  illustrated  in  one 
place  in  this  issue,  or  operate  with  it  a  derrick  as  de- 
scribed in  another  place,  and  he  can  use  it  for  many 
miscellaneous  tasks  of  hoisting  and  hauling  ordinaril.v 
performed  in  trenching  by  less  effective  means  because 
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not    common    enough    to    warrant    provision    of     special 
plant  for  their  performance. 


INEXCUSAHLE    IGNORANCE    ABOUT    RAILWAY 
TRANSPORTATION  COSTS  AND  RATES. 

Commenting  upon  the  suit  brought  by  New  Jersey  to 
compel  railways  to  charge  a  lower  freight  rate  to  New 
Jersey  terminals  than  to  New  York  City,  "Engineering 
News"  displays  an  ignorance  of  railway  transportation 
costs  that  is  peculiarly  surprising.  We  read,  for  ex- 
ample, that  in  hauling  freight  between  Philadelphia  and 
New  York: 

"The  total  terminal  expenses  at  the  two  ends  of  the 
route  were  found  to  be  $3.65,  whereas  the  total  cost  of 
hauling  a  ton  of  freight  over  the  90  miles  of  railway 
between  the  two  cities  after  it  was  once  started  on  its 
journey  was  only  27  ct." 

If  true  this  would  be  the  most  amazing  revelation  of 
railway  inefficiency  that  was  ever  published,  for  it  would 
mean  that  the  total  cost  of  transporting  a  ton  of  freight 
from  a  Philadelphia  dealer  to  a  New  York  dealer  is 
$3.92,  or  more  than  4  ct.  per  ton-mile!  A  brief  analysis 
of  this  so-called  "cost"  is  illuminating.  "Engineering 
News"  gives  its  details  as  follows: 

Per  ton. 

Jjoading;  on   track   at   Philadelphia J0.25 

Hauling  to  station  and  unloading 0.50 

Weighing,    billing    and    clerical 0.40 

Switching    at    Philadelphia 0.25 

Terminal  costs  at  New  Jersey  side   of  Hudson  River 0.15 

Lighterage    across    Hudson    River 0.80 

Terminal  cost  on  New  York  water  front 0.50 

Loading   and   trucking  in  New  York 0.80 

Total     $3.65 

Note  particularly  that  interest  charges  on  the  termi- 
nal plant  at  Philadelphia  have  been  overlooked.  Note 
also  that  the  27  ct.  estimated  cost  of  hauling  a  ton  90 
miles  is  based  on  an  assumed  0.3  ct.  per  ton-mile  cost, 
which  is  said  to  include  interest  charges  on  the  road- 
bed and  rolling  stock.  But,  above  all,  note  that  every 
one  of  these  alleged  costs  is  a  pure  guess.  It  is  true 
that  for  the  last  four  items  of  the  $3.65,  "Engineering 
News"  quotes  an  "estimate"  made  by  Mr.  Wm.  J.  Wilgus, 
but  that  also  is  a  guess. 

When  engineers  are  not  guessing  on  important  mat- 
ters of  this  sort  it  is  customary  to  cite  supporting  data 
based  on  actual  records.  Where  are  the  data?  Who 
knows  what  it  costs  to  load  and  haul  the  average  ton 
of  freight  from  the  shipper  in  Philadelphia  to  the  Phila- 
adelphia  railway  station?  Where  are  the  data  to  sup- 
port the  guess  of  40  ct.  per  ton  for  weighing  and  clerical 
expense?  As  a  matter  of  fact,  40  ct.  multiplied  by  the 
number  of  tons  of  freight  shipped  annually  over  all  rail- 
ways gives  a  total  that  would  almost  pay  the  annual 
salaries  and  wages  of  half  the  railway  employes  in 
America!  Likewise  a  switching  cost  of  25  ct.  per  ton 
multiplied  by  the  total  annual  tonnage  of  Am^ican  rail- 
ways would  pay  the  salaries  of  all  the  enginemen  and 
firemen  twice  over!  To  dignify  such  figuring  by  the 
term  of  "estimating"  is  to  make  engineering  cost  esti- 
mates  a  byword. 

fiased  on  these  wild  guesses,  "Engineering  News"  pro- 
ceeds to  prove  that  "it  costs  the  railways  about  as  much 
to  handle  this  freight  in  the  terminals  at  each  end 
[Chicago  and  New  York]  as  it  does  to  haul  it  the  entire 
thousand  miles  between  the  two  cities."  We  need  scarcely 
add  that  no  such  relation  of  costs  is  even  remotely  cor- 
rect. Yet  it  seems  desirable  to  say  so,  because  of  the 
tendency  of  ill-informed  people  to  seize  upon  apparently 
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authoritative  statements  to  bolster  up  claims  for  a  grand 
readjustment  of  freight  rates.  Indeed,  "Engineering 
News"  itself  goes  so  far  as  to  support  the  contention  of 
New  Jersey  that  residents  of  New  Jersey  are  being 
grossly  discriminated  against,  for  the  "News"  says: 

"It  follows  that  the  merchants  and  manufacturers  of 
Jersey  City,  Hoboken  and  Newark  are  actually  paying  in 
their  freight  rates  part  of  the  cost  of  carying  goods  for 
their  competitors,  located  on  the  eastern  side  of  the 
Hudson  River." 

To  read  such  charges  of  unfairness  with  a  straight 
face  is  difficult,  for,  if  they  were  true,  it  would  amount 
to  accusing  railway  managers  of  being  wholly  devoid  of 
common  sense.  Here,  according  to  the  complainants, 
are  the  railways  expending  $1  or  so  to  haul  every  ton 
across  the  Hudson  River  when  the  railways  might  save 
it  by  giving  a  lower  rate  to  shippers  on  the  west  bank 
of  the  Hudson.  To  do  so,  it  is  aleged,  would  cause 
freight  to  stop  on  the  west  bank  in  New  Jersey.  To  put 
it  thus  is  to  charge  the  railways  with  being  in  league 
against  their  own  best  interests,  yet  that  is  precisely 
what  they  are  charged  with  by  the  instigators  of  this 
New  Jersey  suit   and  by  "Engineering  News." 

What  the  New  Jersey  residents  and  "Engineering 
News"  fail  to  grasp  is  the  fact  that  the  vast  bulk  of 
freight  moves  to  New  York  City  because  it  is  used  there 
by  manufacturers,  shippers  and  consumers,  and  not  be- 
cause of  a  discrimination  in  rates.  They  fail  also  to 
know  that  the  cost  of  lighterage  across  the  Hudson  is 
an  insignificant  item  of  cost,  as  will  be  proved  when 
the  hearings  before  the  Interstate  Commerce  Commission 
take  place.  But  above  all,  they  fail  to  realize  that  the 
transportation  costs  of  a  railway  vary  almost  inversely 
as  the  density  of  traffic,  and  that  consequently  every 
keen  railway  manager  seeks  to  increase  the  density  of 
traffic  by  giving  rates  that  will  assist  in  building  up 
those  terminals  that— taking  every  commercial  factor 
into  consideration — are  best  able  to  develop  a  large  busi- 
ness. The  island  of  Manhattan  is  one  of  those  favored 
spots  that  it  pays  the  railways  to  foster. 

We  doubt  not  that  it  can  be  demonstrated  that  if  one  rail- 
way were  built  from  Chicago  to  New  Jersey  terminals  and 
another  from  Chicago  to  New  York  City,  each  independent 
of  the  other  and  each  giving  rates  that  would  yield  a  fair 
return  on  their  respective  investments,  the  railway  to  New 
York  would  be  able  to  quote  a  much  lower  rate  from  Chi- 
cago than  could  be  quoted  by  the  other  railway  for  haulage 
from  Chicago  to  New  Jersey  terminals.  The  difference 
in  density  of  traffic  on  the  two  lines  would  be  so  greatly 
in  favgr  of  the  line  to  New  York  City  that  all  questions 
of  difference  in  cost  of  lightering  or  tunnel  haulage 
across  the  Hudson  would  merge  into  insignificance.  This 
being  so,  it  follows  that,  instead  of  complaining  because 
they  have  not  a  lower  rate  than  has  New  York  City,  the 
cities  of  New  Jersey  should  rejoice  because  they  do  not 
have  a  higher  rate,  which,  if  left  to  themselves,  they  would 
assuredly  have. 

When  it  comes  to  scientific  prorating  of  joint  costs, 
as  we  have  shown  in  previous  articles  in  these  columns, 
it  is  essential  to  apply  "the  separate  plant  theory" — that 
is,  to  estimate  the  cost  of  each  class  of  service  on  the 
basis  of  the  most  economical  plant  designed  to  render 
that  service  only,  and  to  prorate  the  joint  cost  in  propor- 
tion to  the  separate  costs  thus  estimated.  On  that  basis 
it  will  be  found  that  many  a  small  user  of  a  common 
or  joint  plant  is  actually  receiving  too  low  a  rate  to  be 
equitable,  compared  with  the  larger  users  of  the  plant. 

If  New  Jersey  chooses  to  class  its  industries  together 
and  fight  for  lower  rates  than  New  York  City  now  enjoys, 
New  Jersey  will  discover  that  equitable  prorating"  of 
the  "joint  costs"  of  railway  transportation  will  result 
in  higher  rates  for  New  Jersey  and  lower  rates  for  New 
York   City. 

This  case  bids  fair  to  be  a  more  important  struggle 
than  the  famous  "Spokane  rate  case"  of  ten  years  ago. 
The  editor  was  one  of  the  engineering  witnesses  in  that 
case  and  now  recalls  the  question  that  then  rose  in  his 
mind:     If  American  cities  or  states  begin  earnestly  bat- 
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tling  with  one  another  for  preferences  as  to  railway 
rates,  when  will  the  struggle  end,  and  what  will  it  ulti- 
mately lead  to? 

The  theory  that  specific  rates  should  be  based  on  the 
specific  costs  incurred  sounds  simple,  but  it  leads  to 
complexities  that  are  distracting  enough  to  the  most 
expert  student  of  economic  problems,  and  wholly  be- 
yond the  understanding  of  aH  others.  Yet  "Engineering 
News"  naively  says : 

"Nothing  can  be  clearer  to  traffic  experts  than  that 
the  present  plan  of  practically  ignoring  cost  of  service 
in  fixing  rates  is  pernicious  in  principle  and  distributes 
the  transportation  tax  most  unfairly." 

If  there  is  one  thing  that  "traffic  experts"  do  agree 
upon,  it  is  that  specific  railway  rates  should  not  be  based 
on  the  specific  costs  of  the  service  rendered,  even  were 
such  costs  ascertainable. 


COST  OF  MOVING  A   STEAM  SHOVEL  WITH   A 

MOTOR  TRUCK  CONTRASTED  WITH 

SELF-MOVING. 

A  60-ton  Marion  shovel  was  recently  dismantled  and 
reassembled  at  a  cost  of  about  $300.  It  was  hauled  in 
9  loads  by  a  5-ton  Locomobile  truck  a  distance  of  32  miles 
at  a  cost  of  about  $500,  including  $50  labor  loading  and 
unloading,  in  addition  to  the  time  of  the  truck  driver  and 
helper.  The  motor  truck  drew  a  trailer.  The  heaviest 
single  load  was  10.5  tons. 

In  moving  a  60-ton  shovel  by  its  own  power  over  coun- 
try roads,  the  speed  varies  from  about  one-quarter  mile 
per  day,  where  there  are  a  good  many  steep  grades,  to  one- 
half  mile  per  day  where  the  road  is  comparatively  level. 
The  cost  is  seldom  less  than  $40  a  day  for  the  gang  and 
fuel,  and  is  therefore  rarely  much  less  than  $100  per  mile 
moved  over  fairly  level  roads. 

From  the  foregoing  data  it  would  seem  that  to  a  fixed 
cost  of  about  $400  for  dismantling,  loading,  unloading 
and  reassembling  a  60-ton  shovel,  there  should  be  added 
about  $16  per  mile  for  hauling  it  with  a  motor  truck  and 
trailer,  provided  the  roads  are  fairly  good.  At  this  rate, 
if  the  haul  is  more  than  about  five  miles,  it  will  pay  to 
use  this  method  rather  than  move  the  shovel  with  its  own 
power. 

Where  a  shovel  has  to  be  moved  up  grades  so  steep  that 
it  can  not  use  its  own  traction,  but  must  employ  blocks 
and  tackle,  the  cost  of  moving  becomes  very  high.  For  a 
60-ton  shovel  this  sort  of  moving  may  cost  $2,000  per  mile. 

The  cost  of  moving  heavy  shovels  is  high  at  best,  so 
that  any  improved  method,  such  as  that  by  motor  truck 
and  trailer,  is  decidedly  welcome. 


SOME  NOVEL  USES  OF  AUTOMOBILE  ENGINES 
ON  CONSTRUCTION  WORK. 

Within  the  month  we  have  seen  photographs  of  old 
automobile  engines  made  to  do  four  kinds  of  service  for 
which  they  were  not  originally  designed.  The  four  serv- 
ices were:  (1)  Running  a  small  dynamo  that  operated 
wood  boring  tools.  (2)  Operating  a  centrifugal  pump  for 
testing  water  mains.  (3)  Operating  an  air  compressor 
furnishing  air  to  a  hammer  drill.  (4)  Drawing  a  train 
of  small  dump  cars. 

In  each  case,  except  the  last  named,  the  automobile 
engine  was  also  used  to  drive  the  automobile,  and  upon 
the  chassis  was  mounted  the  electric  generator,  or  the  air 
compressor,  or  the  centrifugal  pump. 

In  the  fourth  case  an  old  Ford  engine  was  mounted  on 
the  trucks  of  a  Koppel  dump  car,  and  the  power  was  trans- 
mitted from  the  engine,  by  a  chain  drive,  to  a  cross  drive 
shaft  provided  with  a  gear  shift  that  made  it  feasible  to 
run  the  "locomotive"  backward  as  well  as  forward  on 
"high."  The  "locomotive"  was  geared  to  travel  at  about 
7  miles  an  hour  on  "high." 

By  substituting  light  railway  car  wheels  for  the  or- 
dinary automobile  wheels,  old  "pleasure  cars"  are  often 
converted  into  work  cars  and  used  for  various  purposes 
on  railways,  which  reminds  us  of  a  recent  photograph  of  a 
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motor  truck  converted  temporarily  into  a  railway  car  for 
use  by  our  troops  in  Mexico.  In  that  case  the  wheels  were 
equipped  with  detachable  flanged  steel  rims  fitted  over 
the  ordinary  truck  wheels.  The  steel  flanges  could  be 
speedily  removed  when  the  truck  had  to  travel  on  dirt 
roads.  This  is  a  "trick"  that  contractors  will  do  well  to 
bear  in  mind. 

Electric  motors  are  often  very  economic  for  operating 
small  rotary  tools,  like  augers,  wrenches,  pipe  threaders, 
pipe  couplers,  etc.  But  ordinarily  a  contractor  has  no 
electric  current  available.  A  small  dynamo,  mounted 
on  the  rear  of  a  "pleasure  auto"  can  be  driven  from  the 
engine  shaft  of  the  automobile.  Half  a  dozen  wood  augers 
have  thus  been  operated  simultaneously  from  such  a 
portable  plant. 

There  are  literally  thousands  of  second-hand  pleasure 
cars  that  can  be  bought  for  $300  or  less,  and  converted 
into  very  useful  machines  in  ways  such  as  above  indi- 
cated. In  these  days  of  high-priced  and  scarce  labor,  it 
behooves  every  contractor  to  put  his  wits  to  work  more 
than  ever. 


LIFE   OF   BELT   CONVEYORS. 

An  unusually  long  life  of  rubber  belts  for  conveying 
ore  is  recorded  in  the  Bulletin  of  the  Am.  Inst,  of  Min- 
ing Engineers  for  August.  Mr.  Hugh  Rose  states  that 
at  the  Santa  Gertrude's  mine  in  Mexico  one  of  the  belts 
was  not  replaced  until  it  had  transported  1,131,708  tons. 
Another  belt  installed  in  June,  1911,  "has  handled  691,- 
999  tons  of  ore  and  from  all  appearances  is  good  for  a 
repetition  of  this  duty."  These  belts  are  8  6  ply  R.  C, 
30  in.  wide,  operated  at  200  ft.  per  minute.  The  long  life 
of  the  belts  is  attributed  in  part  to  the  fact  that  the 
ore  contains  an  unusually  large  percentage  of  fines 
which  reaches  the  belt  first  and  forms  a  cushion  or  bed 
for  the  larger  rocks. 


THIRTY-ONE    THOUSAND    ENGINEERING    STU- 
DENTS   IN    1911    AND    ONE    HUNDRED    AND 
TWENTY  THOUSAND  ENGINEERS  IN  1910. 

Statistics  published  at  the  annual  convention  of  the 
Society  for  the  Pi-omotion  of  Engineering  Education  show 
that  in  1915  there  were  32,843  engineering  students 
enrolled  in  the  engineering  schools  and  colleges  of 
America.  Of  these  7,182  were  students  of  civil  engineer- 
ing, which  was  800  fewer  than  in  1906.  Students  of  mining 
engineering  decreased  even  more  markedly. 

The  following  table  gives  the  number  of  each  class  of 
engineering  students  in  1906,  1911  and  1915: 

1906. 

General    2,501 

Chemical    1234 

Civil    ' 71962 

Electrical     5,696 

Mechanical    7,426 

Mining     2.826 

Other     S2 


1911. 

1915. 

5,591 

6,059 

1,4.52 

2,3S3 

8,934 

7,182 

6,128 

6,637 

7,052 

7,751 

2,337 

1,922 

958 

Total     27.727  31,4iUI  :>2,S43 

In  1912,  according  to  the  Report  of  the  Commissioners 
of  Education,  the  undergraduate  engineering  students 
numbered  18,859,  distributed  as  follows: 


Chemical 
Civil 


Electrical    3.652 

Mechanical     e.Hftii 

Jlining^ 2,244 

Textile     I33 

Sanitary    "7 


Tf'tal     18.S59 

According  to  the  U.  S.  census  for  1900  there  were  the 
following  numbers  of  practicing  engineers,  etc.: 

Civil   engineers    20,153 

Surveyors 6.034 

Designers,  draftsmen  and  inventors 18,956 

Mechanical  and  electrical  engineers 14,440 

Mining  engineers    2,904 

Chemists,  assayers  and  metallurgists 8,887 

Architects    10,604 


Total     81,97<; 

According  to  the  U.  S.  census  for  1910  the  correspond- 
ing numbers  were  as  follows: 

Civil  engineers  and  surveyors 52,033 

Designers 11.788 

Draftsmen    33,314 


Inventors    2,347 

.Mechanical  en.ijineers 14,514 

i;Uitrical  engineers  not  given  separately,  but  classed  with  elec- 
trK^ians,  totaling  135,519. 

Mining   engineers    6,930 

I  'hoinists.   assayers  and  metallurgists 16,273 

.\rchilects    16,613 

Total  (excluding  about  15,000  electrical  engineers) 153.812 

It  is  evident  that  the  number  of  civil  engineers  and 
surveyors  doubled  in  ten  years,  and  that,  excepting  archi- 
tects, each  of  the  above  listed  classes  has  also  doubled. 
It  is  probable  that  of  the  135,519  "electricians  and  elec- 
trical engineers,"  about  15,000  are  electric  engineers. 
This  would  give  a  grand  total  of  about  169,000  engineers, 
surveyors,  draftsmen  and  architects  in  America  in  1910. 

Excluding  all  architects  and  inventors,  and  e.xcluding 
half  the  designers,  draftsmen  and  chemists,  the  remainder 
is  about  120,000,  who  may  be  broadly  classed  as  engineers. 
This  is  about  four  times  the  number  of  students  in  the 
ei  gineering  schools  and  colleges  in  1910. 

The  writer,  while  on  the  editorial  staff  of  "Engineering 
News,"  wrote  an  editorial  that  was  published  in  that 
journal  June  1,  1905,  in  which  statistics  similar  to  the 
above  were  given  and  inferences  drawn  as  to  their  sig- 
nificance. It  was  pointed  out  that  the  large  number  of 
engineering  students  must  inevitably  lead  to  severe  com- 
petition for  the  purely  professional  positions,  and  that 
most  of  the  students  should  be  trained  for  executive  or 
business  positions  in  which  their  engineering  knowledge 
could  be  used  to  advantage.   The  writer  said: 

"A  text  book  on  law  and  another  on  cost  keeping  and 
the  management  of  men  should  form  part  of  every  engi- 
neering student's  library." 

That  editorial,  now  eleven  years  old,  was  perhaps  the 
opening  gun  of  the  campaign  of  publicity  that  has  led  so 
many  engineers  to  enlarge  their  conception  of  what  con- 
stitutes engineering.  Six  months  later,  in  1906,  when  the 
writer  began  his  editorial  work  on  Engineering  and 
CoiYtracting,  this  publicity  campaign  was  pushed  earnest- 
ly, and  from  that  day  to  this  there  has  been  no  let  up  in 
our  editorial  policy  of  urging  engineers  to  push  into 
business,  manufacturing,  transportation  and  political  posi- 
tions. We  have  held  that  there  is  a  vast  and  fertile  field 
for  graduate  engineers  who  combine  a  knowledge  of  man- 
agement with  a  knowledge  of  engineering.  Nearly  every 
engineering  periodical  and  many  an  engineering  society 
has  joined  us  in  this  propaganda. 

It  remains  now  to  teach  the  general  public  that  the 
modern  engineer  is  more  than  a  professional  man.  The 
engineering  colleges  will  do  well  to  assist  in  giving  pub- 
licity to  this  fact,  for  the  falling  off  in  the  registration  of 
engineering  students  is  due  primarily  to  a  popular  feeling 
that  the  engineering  field  is  becoming  crowded.  Pure 
"professional  engineering"  is  crowded,  but  "managerial 
engineering"  will  never  be  crowded  within  the  lifetime  of 
any  man  who  now  reads  these  words. 


THE  EDITORIAL  WISEACRE. 

One  of  the  interesting  products  of  modern  newspapers 
is  the  omniscient  editor  who  essays  to  solve  the  most 
difficult  economic  problem  at  one  sitting.  In  a  twinkling 
he  writes  the  editorial  answer  to  any  question,  and 
proves  how  speedily  genius  can  come  to  a  conclusion 
upon  which  mere  mediocrity  plods  for  months  or  years. 

By  deft  guessing  as  to  costs  and  daft  cogitating  as  to 
principles,  it  is  possible  to  build  in  an  hour  as  seemingly 
logical  a  structure  as  the  most  painstaking  technical  ex- 
pert can  rear  in  years.  Therefore,  all  hail  the  cocksure 
editorial  genius,  for  this  is  the  day  of  his  popularity. 
Tomorrow  he  and  his  works  vanish,  so  give  him  solemn 
attention  while  he  still  is  with  us. 


GERMAN  AND  AMERICAN  FREIGHT  RATES 
COMPARED. 

To  compare  the  average  freight  rates  per  ton-mile  of 
two  different  American  railways  is  difficult,  partly  be- 
cause of  differences  in  traffic  density,  partly  because  of 
differences  in  construction  costs,  partly  because  of  differ- 
ences in  average  length  of  haul.     It  becomes  even  more 
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difficult  where  American  railway  rates  are  compared  with 
those  in  foreign  countries.  This  is  exceedingly  unfor- 
tunate, for  rough  calculations  indicate  that  American 
rates  average  much  lower  than  European  rates  for  simi- 
lar service,  in  spite  of  the  fact  that  the  average  Amer- 
ican railway  employe  receives  a  wage  more  than  double 
that  of  the   average  European  railway  employe. 

Mr.  H.  W.  Faus,  in  an  article  in  the  "Railway  Age 
Gazette"  entitled  "Where  German  Efficiency  Falls  Dovra," 
points  out  that  the  average  freight  rate  in  Germany  1.37 
ct.  per  ton-mile  for  an  average  haul  of  62  miles,  as  com- 
pared with  0.73  ct.  in  America  for  an  average  haul  of 
149  miles,  in  spite  of  the  fact  that  Germany  has  a  pop- 
ulation 4.5  times  as  dense  per  mile  of  railway  as  ours. 
He  argues  correctly  that  the  short  average  haul '  is  a 
minor  factor  in  causing  the  high  freight  rates  of  Ger- 
many. Illustrative  of  this  he  compares  two  groups  of 
American  railways,  Group  III  (Ohio,  etc.),  having  an 
average  rate  of  0.58  ct.  per  ton-mile  for  an  average  haul 
of  125  miles,  and  Group  VII  (Montana,  etc.),  having  a 
rate  of  0.9  ct.  for  a  haul  of  235  miles,  or  nearly  twice  as 
long. 

This  comparison  of  average  rates  and  hauls  in  these 
two  groups  shows  that  long  haulage  is  of  minor  impor- 
tance, as  compared  with  density  of  traffic,  in  securing  a 
low  freight  rate  per  ton-mile. 


rather  than  rhetoric.  It  will  then  be  more  apparent  that 
engineering,  which  is  applied  economics,  serves  ad- 
mirably to  develop  an  efficient  manager  of  public  affairs, 
provided,  of  course,  that  the  engineer  possesses  native 
ability  of  the  executive  order. 

We  hope  to  see  the  engineers  of  every  state  take  action 
similar  to  that  just  taken  by  the  engineers  of  Minnesota. 


THE     AFFILIATION     OF     LOCAL     ENGINEERING 
SOCIETIES. 

A  noteworthy  step  toward  general  engineering  co- 
operation is  the  organization  of  the  Minnesota  Joint  En- 
gineering Board.  The  societies  represented  on  the  Board 
are  the  Northwestern  Association  of  Members  of  the 
American  Society  of  Civil  Engineers,  the  Minnesota  Sur- 
veyors' and  Engineers'  Society,  the  Civil  Engineers'  So- 
ciety of  St.  Paul,  the  Engineers'  Club  of  Minneapolis  and 
the  Minnesota  sections  of  the  American  Institute  of  Elec- 
trical Engineers  and  of  the  American  Society  of  Mechan- 
ical Engineers.  Mr.  George  W.  Pathjens  of  St.  Paul  has 
been  chosen  secretary. 

The  primary  object  of  this  Board  is  to  accomplish  more 
for  the  public  welfare  than  has  been  possible  without 
joint  action  on  the  part  of  the  engineers  of  Minnesota. 

Our  older  readers  will  remember  that  we  have  often 
urged  just  such  action  as  this,  believing  that  both  the 
interests  of  the  general  public  and  the  interests  of  engi- 
neers as  engineers  demand  the  co-operative  action  of  all 
engineers  in  respect  to  public  matters  upon  which  en- 
gineers are  most  competent  to  pass  judgment.  By  taking 
active  part  in  forming  public  opinion,  in  educating  the 
editors  of  daily  papers,  m  showing  what  engineers  are 
capable  of  accomplishing  and  in  exposing  the  wastes  of 
incompetent  political  officials,  engineers  will  greatly  ac- 
celerate the  public  efficiency  movement. 

It  is  only  a  straw  whirled  in  advance  of  the  gale,  but 
a  significant  straw,  that  the  names  of  two  celebrated  en- 
gineers have  been  recently  mentioned  as  "dark  horse" 
presidential  possibilities.  We  refer  to  Goethals  and 
Hammond.  John  Hays  Hammond,  mining  engineer,  has 
been  suggested  in  previous  years  as  a  vice-presidential 
nominee  of  the  Republican  party.  This  year  he  has  been 
spoken  of  as  a  possible  candidate  for  the  presidency. 

It  is  not  beyond  the  bounds  of  possibility  that  within 
the  next  eight  years  some  great  executive  engineer  may 
become  the  President  of  the  United  States.  Surely  the 
training  and  experience  of  such  a  man  as  Hammond  or 
Goethals  is  more  likely  to  develop  a  better  head  for  the 
federal  government  than  is  ordinarily  securable  through 
experience  as  a  lawyer  or  judge. 

The  public  as  yet  has  but  a  vague  conception  of  what 
qualities,  education  and  experience  are  most  essential  in 
developing  executive  powers.  To  be  a  good  "speechifier" 
is  still  the  greatest  single  asset  of  a  man  who  aspires  to 
political  office  through  election.  But  this  will  not  al- 
ways remain  the  chief  criterion  of  "availability"  for 
office.  In  time  the  public  will  learn  that  mayors,  gov- 
ernors and  presidents  should  be  men  trained  in  economics 


"MILITARY  PREPAREDNESS."* 

The  military  appraiser  of  America's  resources  for  war 
turns  an  appreciative  eye  upon  the  contractor,  the  con- 
tractor's foreman  and  the  men  who  do  his  bidding  in 
field  and  camp.  The  contractor  is  a  trained  builder — 
often  today  he  is  a  technically  educated  builder.  He  is 
always  used  to  outdoor  work,  he  knows  how  to  handle 
men,  he  knows  the  tools  of  construction,  he  has  initiative 
and  resource,  and,  more  than  all  these,  he  possesses  an 
alert  appreciation  of  the  value  of  speed  in  construction. 
The  contractor's  foreman  is  the  contractor's  troop  com- 
mander. The  men  of  his  gang  are  trained  workers  with 
tools,  are  innured  to  exposure,  are  used  to  danger,  are 
accustomed  to  co-operative  effort.  It  is  invidious,  per- 
haps, to  make  comparisons,  but,  taking  him  by  and  for 
the  construction  gang,  "husky"  is  a  fighting  man  with 
few  equals  in  courage  and  endurance.  Few  pursuits  of 
peace  train  men  so  well  for  modern  warfare  as  does  en- 
gineering construction.  And  of  all  contractors  and  con- 
tractors' men  none  ranks  higher  in  possessing  the  rough 
and  ready  accomplishments  required  by  the  engineer  corps 
of  an  army  in  the  field  than  does  the  excavation  con- 
tractor and  his  men.  So  no  issue  of  this  journal  can 
more  appropriately  contain  mention  of  two  recent  books 
on  the  tasks  of  the  engineer  in  war  than  this  issue,  de- 
voted to  the  problems  of  the  earth  mover  and  the  rock 
man. 

The  most  part  of  military  operations  in  the  field  is  en- 
gineering. Transportation,  including  bridge  and  road 
and  railway  building,  as  well  as  vehicular  means  for 
carriage,  is  the  greatest  part.  Next  comes  the  field  forti- 
fication earthwork,  the  trenching,  tunneling  and  mining 
operations  of  the  battle  line.  Third  is  demolition,  de- 
struction^  of  means  of  transportation  and  sources  of 
supplies  to  delay  a  pursuing  army.  These  do  not  in- 
clude all  the  works  of  the  engineer  in  the  field.  Recon- 
noissance  and  mapping  are  others.  Gunnery  is  engineer- 
ing, and  so  are  aeronautics.  But  gunnery  and  aeronautics 
are  specialists'  tasks  and  mapping  is,  or  should  be,  a 
task  preceding  military  operations  instead  of  one  of  these 
operations.  For  the  general  engineering  tasks  of  the 
army  in  the  field,  transportation,  field  fortification  and 
demolition,  the  men  of  the  engineering  construction  field 
possess  remarkable  fitness.  The  two  books  being  consid- 
ered present  noteworthy  evidence  toward  this  conclusion. 

Engineering  construction  preceding,  at  and  behind  the 
line  of  battle  is  in  sharp  contrast  in  most  respects  to 
engineering  in  times  of  peace.  The  works  are  tempo- 
rary,  appearance  cuts  no  figure  providing  serviceability 
is  ensured,  cost  is  a  negligible  factor,  but  speed  of  con- 
struction with  makeshift  materials  and  simple  tools  is 
vital.  The  engineering  that  service  with  the  mobile  army 
calls  for  is  the  kind  that  confronts  the  contractor  who 
sees  the  water  threatening  to  overtop  his  partially  fin- 
ished dam,  that  the  railway  engineer  has  to  perform 
when  a  washed-out  trestle  is  holding  up  traffic,  that  the 
Mississippi  levee  guard  must  accomplish  when  floods 
break  the  barrier  he  has  erected  against  them.  The  out- 
standing feature  of  Major  Pond's  book  is  the  circum- 
stance and  insistence  with  which  it  presents  the  special 
nature  of  the  work  and  the  special  qualifications  to  per- 
form it  which  characterize  military  engineering.  This 
statement  indicates  the  distinction  between  the  two  works 
being   discussed. 

"The  Engineer  in  War"  is  a  discussion  and  explanation 


•"The  Engineer  In  War."— By  P.  S.  Bond.  Major,  Corps  of  Engi- 
neers, U.  S.  A.  McGraw-Hill  Book  Co.,  New  York.  Leather;  5x7  in.; 
pp.   187:  illu.'strated.     $1.50. 

•"Military  Preparedness  and  the  Engineer." — By  E.  R.  Robinson, 
Captain,  Corps  of  Engineers.  N.  G.  N.  T.  Clark  Book  Co.,  New  York. 
Leather;  4i4x6>/i  in-;  PP.  224;  illustrated.     $1,50. 
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of  general  principles  of  military  field  engineering;  "Mili- 
tary Preparednes.s  and  the  Engineer"  is  a  manual  on  the 
technique  of  military  engineering  organization  and  of 
field  fortification,  mapping  and  bridge  building  for 
mobile  troops.  To  a  very  considerable  degree  the  two 
books  supplement  each  other.  An  abbreviated  schedule 
of  the  chapter  titles  of  the  two  books  illustrates  this  fact 
most  clearly.  For  his  subjects  Major  Pond  selects:  Mili- 
tary Policy  of  the  United  States;  General  Duties  and 
Economics  of  Military  Engineering;  Tools  and  Equip- 
ment; Stream  Crossings;  Military  Roads;  Field  Fortifi- 
cations and  Siege  Operations;  Demolitions;  Recon- 
noissance.  Sketching  and  Surveying;  Sanitation;  Mobili- 
zation of  Material  Resources;  How  May  Engineers  and 
Contractors  Prepare  to  Meet  Military  Obligations  of  Citi- 
zenship? Captain  Robinson's  subjects  are:  How  to  "Ob- 
tain a  Militarj'  Training;  The  National  Guard;  Military 
Organization  and  Administration;  Tactics  of  Engineer 
Troops;  Fire  Action;  Field  Fortifications;  Obstacles; 
Siege  Works;  Demolitions;  Bridges;  Sketching;  Needs  of 
Engineers  in  War.  Both  works  give  lists  of  treatises  and 
articles  for  supplementary  reading. 

These  two  little  volumes  deserve  to  be  studied  by  con- 
struction engineers  and  contractors  for  several  reasons. 
They  give  insight  into  matters  concerning  which  the  en- 
gineer and  contractor  as  a  citizen  should  be  informed. 
They  give  information  of  emergency  construction  meth- 
ods and  devices  which  in  many  instances  are  applicable 
to  civil  works  of  construction.  And,  not  least,  they  give 
the  engineer  and  contractor  the  feeling  of  satisfaction 
that  few  citizens  of  a  citizenry  untrained  to  meet  war 
have  greater  possessions  ready  for  immediate  service 
when  war  arrives. 


ROTATED  SPECIALIZATION  COMMENDED.. 

To  the  Editor:  Permit  me  to  congratulate  you  on  your 
new  venture  in  producing  your  "Excavating  and  Rail- 
ways" issue. 

After  having  plowed  through  the  many  current  tech- 
nical periodicals  containing  "multa  sed  non  multum,"  it 
is  a  relief  to  be  reminded  of  the  old  "Dirt  Mover,"  and 
particularly  with  an  excellent  selection  of  good  stuff. 

To  my  mind,  your  departure  into  "rotated  specializa- 
tion" is  a  step  in  the  right  direction,  and  I  know  several 
engineers  and  contractors  who  join  me  in  those  senti- 
ments. 

With  best  wishes,  Yours  faithfully, 

Lee   Heidenreich. 

Kansas  City,  Mo.,  July  21,  1916. 


OPINION    ON   AUTOMOBILIZING   STEAM   RAIL- 
WAYS. 

To  the  Editors:  The  idea  undoubtedly  is  feasible  and 
we  know  of  a  number  of  cases  where  it  is  being  done  in 
one  form  or  another.  In  fact  several  years  ago  we  fur- 
nished the  Little  River  R.  R.  at  Townsend,  Blount 
County,  Tennessee,  a  motor  truck  which  is  being  used  on 
rails.  Although  we  have  not  heard  from  these  people 
for  some  time,  it  is  our  understanding  that  this  propo- 
sition solved  a  hard  problem  for  them  and  that  through 
the  South  many  such  situations  exist.  We  refer  you  to 
Mr.  J.  T.  Murphy,  manager  of  this  company,  who  we  be- 
lieve would  be  in  a  position  to  give  you  a  good  idea  of 
the  practical  working  out  of  your  theory. 
Yours  ver>'  truly, 

E.  H.  Herbia, 

Advertising  Manager,  Service  Motor  Truck  Co. 
Wabash,  Ind. 
July  24,  1916. 

To  the  Editors:  The  point  of  view  you  express  in  this 
editorial  is  an  exceedingly  interesting  one,  and  I  am 
passing  it  through  to  our  sales  department  for  their 
perusal.  Sincerely  yours, 

The  Thomas  B.  Jeffery  Co., 
W.  H.  Needham,  Advertising  Manager. 
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Kenosha,  Wis., 

July  21,  1916. 

To  the  Editors :  We,  certainly  endorse  in  the  very 
highest  terms  everything  that  you  say  in  your  article 
regarding  the  automobilizing  of  our  railway.  We  have 
often  noticed  and  regretted  the  fact  that  motor  trucks 
in  use  in  hauling  from  freight  depots  in  the  large  cities 
cannot  possibly  be  used  to  their  best  advantage.  The 
trouble  and  the  reason  for  this  is  of  course  the  fact 
that  the  loading  platforms  are  so  congested  with  other 
machines  that  the  motor  truck  has  to  wait  its  turn,  which 
often  amounts  to  a  great,  big  item  every  day.  Motor 
trucks  to  be  made  profitable  must  be  kept  busy  and  this 
is  impossible  under  the  present  system  of  railway  freight 
management. 

We  cannot  understand  why  the  managers  of  the  rail- 
way companies  have  not  put  into  service  before  this  time 
some  part  at  least  of  the  system  that  you  have  outlined 
in  your  article.  We  are  taking  this  up  very  thoroughly 
with  our  own  s:iles  department  and  if  everyone  would  do 
so,  we  certainly  believe  that  railway  managers  would 
soon  find  themselves  actually  compelled  to  adopt  some 
up-to-date  system  of  freight  handling  and  would  thereby 
profit  themselves  and  the  public  at  large. 

We  wish  to  thank  you  for  bringing  this  to  our  at- 
tention,  and   remain. 

Yours  very  respectfully. 

The  Gramm-Bernstein  Co., 
Fred  Biszantz,  Superintendent. 

Lima,  O., 

Aug.  2,  1916. 

To  the  Editors:  I  have  carefully  digested  the  article 
covering  the  use  of  motor  trucks  on  standard  railways, 
and  I  believe  that  this  method  of  transportation  could 
be  easily  worked  out,  although  it  would  require  quite 
some  scheming  and  mechanical  manipulation  to  manu- 
facture all  sizes  of  motor  trucks  with  the  track  of  the 
proper  width  (56  in.  to  use  on  standard  railways).  You 
know  our  2-ton  trucks  have  a  track  of  62  in.  and  the 
5-ton  68  and  74  in.,  and  to  narrow  them  down  to  the 
standard  railroad  gage  would  be  rather  difficult,  owing 
to  the  fact  that  loads  are  so  often  unevenly  distributed 
and  in  many  cases  would  have  a  tendency  to  make  the 
machine  top-heavy  should  too  narrow  a  gage  be  used. 

If  some  such  scheme  as  this  were  to  be  adopted,  it 
would  be  necessary  to  lengthen  the  wheel  base,  while 
reducing  the  gage;  to  distribute  the  load  over  a  longer 
surface,  rather  than  a  wider  one. 

There  is  also  the  problem  of  tires  and  the  different 
sizes,  widths  and  diameters  involved.  I  believe  it  would 
be  quite  possible,  however,  to  arrange  the  wheel  for  the 
track  in  an  altogether  different  way  than  suggested;  that 
is  to  say,  equip  the  motor  trucks  probably  with  a  set 
of  wheels  with  steel  rims  and  a  flange  exactly  as  rail- 
road cars  are  equipped  (excepting  for  the  fact  that  they 
would.be  lighter)  and  have  rubber. tires  that  would  slip 
on  from  the  outside  and  up  against  the  track  flange  in 
such  a  manner  as  to  hold  them  firmly  on  the  inside  and 
to  add  the  necessary  clamps  on  the  outside  of  the  tire 
proper  to  hold  it  in  its  place,  thus  providing  a  regular 
steel  rim  for  use  on  the  railroad  tracks  and  a  remov- 
able tire  when  used  on  dirt  or  paved  roads.  Suitable 
carriers  could  be  provided  for  these  tires  as  part  of 
the  regular  truck  equipment  when  they  are  used  on  the 
rails.  This  method  I  believe  would  be  far  more  rapid  in 
the  matter  of  changing  than  the  way  suggested. 

At  regular  terminal  or  loading  places  there  could  be 
provided  special  runways  or  switches  that  would  allow 
the  truck  driver  to  run  the  truck  and  load  up  on  sort 
of  an  incline  or  special  track  way  and  on  the  rails  pro- 
viding for  necessary  guides  to  prevent  the  tires  from 
slipping  off  the  rails  until  the  necessary  change  could 
be  made. 

I  also  believe  it  would  be  quite  necessary  to  have  an 
extra  gear  ratio  provided  that  would  enable  the  vehicle 
to  run  two  or  three  times  faster  when  on  the  rails  than 
it  should  be  driven  on  paved  streets.  This  would  also 
be  a  simple  matter  of  engineering.  In  this  manner  a 
speed  of  30  miles  per  hour  or  even  greater  could  be  at- 
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tained  on  rails  with  loads  up  to  five  tons  and  greater, 
and  when  used  on  streets  gear  changes  or  ratios,  about 
the  present  standard   could  be  maintained. 

It  is  also  apparent  that  the  railroad  could  not  expect 
to  use  this  method  except  where  the  regular  transporta- 
tion requirements  are  not  large;  or  on  separate  tracks 
and  a  regular  roadway  bed  could  be  provided.  The  ab- 
sence of  all  bad  grades  or  bad  spots  that  are  encoun- 
tered ordinarily  with  a  motor  truck  would  be  entirely 
eliminated  in  this  manner  as  well  as  the  very  severe 
wear  and  tear  there  would  be  on  the  rubber  tires  if  they 
were  used  on  the  rails.  You  know  that  to  drive  on  an 
ordinary  street  car  track  with  a  motor  truck  or  even  a 
pleasure  car  tire  is  one  of  the  most  severe  usages  pos- 
sible to  put  them  to;  it  would  not  be  long  before  a  reg- 
ular groove  would  be  worn  in  the  centers  of  the  truck 
tires  if  this  practice  was  followed,  and  owing  to  the  sur- 
face of  the  tracks  and  the  fact  that  all  trucks  are 
equipped  with  excellent  springs  no  cushions  would  be 
necessary  on  what  might  be  termed  the  rim  or  periphery 
of  the  rims. 

Some  of  the  more  popular  types  of  motor  truck  tires 
we  manufacture  now  with  a  steel  base  would  not  require 
anything  more  than  slight  changes  to  provide  for  instal- 
lation of  the  steel  wheel  flanges  as  I  have  suggested. 

The  Tiffin  Wagon  Co., 

W.  K.  Shelly, 
Vice  Pres.  &  Gen.  Manager. 

Tiffin,  Ohio, 

July  21,  1916. 

To  the  Editors:  We  have  read  your  editorial  on  au- 
tomobilizing  our  railroads  with  great  interest.  We  are 
perhaps  biased  somewhat  in  believing  that  a  truer  so- 
lution cf  transport  problems  would  be  to  stop  the  rail- 
road freight  yards  at  the  outskirts  of  the  cities,  as  you 
suggest,  and  tranship  the  freight  directly  to  ordinary 
road  automobiles. 

The  sort  of  amphibious  type  of  vehicle  equally  fitted 
to  run  on  rails  as  on  road  is  so  much  a  compromise  that 
it  would  probably  not  prove  as  economical  under  one 
or  other  of  the  conditions  as  would  a  vehicle  especially 
designed. 

Much  time  would  be  lost  in  preparing  the  road  ve- 
hicle for  the  rails,  uncoupling  the  steering  gear,  fitting 
in  rail  attachments,  maneuvering  over  railroad  ties,  and 
so  forth.  A  similar  amount  of  time  would  be  lost  in  re- 
versing the  process. 

Again,  there  are  many  objections  to  the  use  of  a  two- 
axle  vehicle  on  railorads.  The  railroad  vehicle  has  an 
axle  which  allows  of  slight  lateral  displacement  to  ac- 
commodate itself  to  curves  and  points.  The  more  rigid 
type  of  road  axle  would  probably  jump  the  tracks. 

Consider,  too,  the  small  amount  of  freight  that  can  be 
carried  on  a  motor  truck  20  ft.  long  over  all  and  con- 
sider the  vastly  increased  tonnage  that  can  be  carried 
on  a  similar  freight  car  of  the  same  overall  length — 
when  it  will  be  seen  that  congestion  would  be  increased 
rather  than  diminished.  This  would  be  made  still  worse 
by  the  fact  that  independent  motor  units  require  at  least 
their  own  length  of  headway,  and  that  change  at  switches 
would  make  for  great  delays. 

Our  opinion  is  that  for  the  moderately  short  haul,  say 
up  to  100  miles  or  so,  the  motor  truck  is  the  most  eco- 
nomical method  of  transportation  when  used  solely  on 
fair  roads.  To  our  mind,  the  time  is  not  far  distant 
when  railways  will  be  used  for  long  distance  haulage 
with  trucks  doing  the  terminal  haulage  by  road  as  well 
as  all  kinds  of  haulage  up  to  100  or  more  miles. 

The  provisioning  of  Verdun  with  food  and  munitions 
greatly  by  motor  trucks  has  been  a  wonderful  object  les- 
son which  railroad  people  would  do  well  to  let  sink  into 
their  minds.  Yours  very  truly, 

The  Pierce-Arrow  Motor  Car  Co., 

John  Younger, 
Chief  Engineer  Truck  Department. 

Buffalo,  N.  Y. 

July  30,  1916. 
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HOME-MADE     CONVEYOR     FOR     BACKFILLING 
RETAINING  WALL. 

Contributed    by    W.    F.    Schaphorst.    Woohvonh    Building.    New    York 

City. 

A  large  river  wall  was  very  recently  completed  in  Cedar 
Pvapids,  Iowa.  This  wall  was  of  concrete  and  was  26  ft. 
high  and  designed  to  protect  abutting  property  from  the 
seasonal  floods  of  the  Red  Cedar  River.  When  the  foot- 
ings were  built  the  mud  excavated  from  the  site  was  piled 
in  front,  forming  an  earth  cofferdam.  After  the  wall 
had  been  completed  this  same  mud  was  used  as  backfill. 


Backfilling    Device    for    billing    Behind    Retaining    Wall. 

The  problem  of  moving  the  mud  from  in  front  of  the 
wall  to  its  desired  position  behind  it  was  solved  by  the 
construction  of  a  novel  and  effective  ladder  conveyor. 
The  buckets  of  this  conveyor,  which  is  shown  in  the  ac- 
companying view,  are  wide  strips  of  metal  which  slide 
up  a  plank  at  an  angle  of  about  60  degrees  with  the  plank 
and  empty  as  they  pass  over  the  sprocket  at  the  top.  A 
gang  of  men  at  the  bottom  shoveled  the  mud  into  the 
buckets. 


METHODS   OF   REMOVING   STUMPS   BY 
BLASTING. 

Contributed   by   Thomas   M.   Knight.   E.    I.    Du   Pont   de   Nemours   Co., 
Wilmington.  Del. 

The  removing  of  stumps  is  no  longer  dreaded  by  the 
contractor.  In  days  past  when  they  were  taken  out  by 
the  slow,  tedious  process  of  grubbing,  the  task  was  a  real 
one,  but  now  with  improved  methods,  the  operation  is 
greatly  simplified. 

There  are  several  factors  that  enter  into  and  influence 
the  character  of  the  blast  and  determine  the  location  and 
size  of  the  charges.  Among  the  principle  ones  are:  Char- 
acter of  the  roots,  whether  tap  or  fibrous;  state  of  preser- 
vation and  toughness  of  the  roots,  whether  green  or 
partially  decayed;  nature  of  the  soil  with  regard  to  re- 
sisting properties;  and,  the  moisture  content  of  the  soil. 
The  loads  and  method  must  vary  with  regard  to  the  abovn 
conditions. 
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The  root  systems  .of  the  various  families  of  forest  trees 
are  subject  to  great  variations  due  to  soil  and  other  con- 
ditions. Generally  speaking,  stumps  will  be  found  with 
three  kinds  or  classes  of  roots:  Those  having  tap  roots, 
those  having  long,  lateral  fibrous  roots,  and  those  that 
have  both  a  small  tap  root  and  numerous  fibrous  roots. 
All  of  the  classes  are  common,  and  it  would  be  a  hard 
matter  to  say  which  one  class  predominates. 

There  are  several  means  employed  to  remove  stumps, 
but  the  favorite  way  and  the  most  economical  one  in  the 
majority  of  cases,  except  in  the  even  of  small  ones,  is 
with  dynamite.  However,  there  are  very  often  times  when 
dynamite  and  stump  pullers  can  work  in  conjunction  to 
good  advantage,  and  possibly  cheaper  than  if  either 
method  were  used  separately. 

When  unobstructed  by  hardpan,  trees  like  the  pine  send 
down  a  deep  tap  root.  In  blasting  out  stumps  of  trees 
like  these   a   spade   width   of   dirt   is   removed   from   the 
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cartridges,  and  the  hole  is  tamped  very  tight.     Figure  1 
shows  how  a  charge  of  this  kind  should  be  placed. 

Another  method  of  blasting  out  stumps  of  this  class  is 
to  place  two  or  more  charges  directly  around  and  against 
the  root  at  a  depth  of  not  less  than  3',  a  ft.  This  method 
is  generally  employed  on  the  larger  tap-rooted  stumps, 
although  if  the  stump  be  green  it  may  be  necessary  to 
proceed  along  the  same  lines  on  smaller  ones.  In  a  blast 
of  this  sort,  the  bore  hole  is  put  down  along  side  of  the 
stump  to  the  required  depth.  Care  should  be  taken  that 
these  bore  holes  are  of  sufficient  depth,  as  the  tap  root  of 
large  stumps  extends  down  to  a  considerable  depth.  The 
holes  are  loaded  the  same  as  previously  described,  except 
that  an  electric  blasting  cap  is  used  instead  of  fuse  and 
blasting  cap.  The  charges  are  connected  up  and  fired 
with  the  aid  of  a  blasting  machine.  A  good  idea  of  th<i 
proper  method  of  loading  for  blasts  of  this  kind  is  shown 
in  Fig.  2. 
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Methods  of   Placing   Charges   In   Blasting   Stumps. 


stump  to  a  depth  of  about  18  in.  A  wood  auger  is  then 
used  to  bore  a  hole  into  the  root.  The  hole  in  the  root 
should  extend  a  little  beyond  the  center;  in  this  hole  the 
charge  is  placed.  No  definite  rule  can  be  followed  as  to 
the  amount  of  dynamite  required,  but  after  a  few  test 
shots  the  amount  required  can  easily  be  determined.  In 
the  test  shots  it  is  better  to  overload  than  to  underload, 
for  if  the  charge  tried  is  not  of  sufficient  strength  to  lif:; 
out  the  stump,  but  only  breaks  or  shatters  it,  it  will  be 
found  difficult  to  blast  out  these  pieces.  If  it  is  seen  that 
too  much  dynamite  is  being  used,  the  charge  can  be  cut 
down  in  the  next  load.  It  is  an  excellent  plan  to  try 
blasting  out  the  smaller  stumps  first  and  gradually  work 
up  to  the  larger  ones  as  the  work  becomes  more  familiar. 
In  loading  a  charge  for  a  blast  of  this  kind,  two  or 
three  cartridges  will  generally  be  sufficient  for  stumps 
whose  diameter  ranges  from  12  to  15  in.  If  three 
cartridges  are  used,  two  should  be  slit  and  inserted  in  the 
bore  hole.  The  third  is  primed  with  a  cap  and  fuse  or 
electric  blasting  cap,  and  is  placed  on  the  top  of  the  other 


In  blasting  out  a  small  fibrous-rooted  stump  the  charge 
should  be  placed  so  that  the  greater  part  of  the  dynamite 
required  is  directly  under  the  heaviest  part  of  the  stump. 
There  should  be  from  in  to  2  ft.  of  earth  between  the 
charge  and  bottom  of  the  stump  as  indicated  in  Fig.  3, 
else  the  force  of  the  explosion  will  split  the  stump  and 
roots  and  leave  them  in  the  ground  instead  of  blowing 
them  out.  In  starting  to  put  down  the  bore  hole  this  facr 
should  be  taken  into  consideration. 

On  a  large  fibrous-rooted  stump  will  be  found  many 
roots  of  considerable  size.  In  such  a  case  the  method  just 
described  will  not  be  advisable.  Charges  must  be  placed 
under  the  largest  of  the  roots,  as  well  as  having  a  main 
lifting  charge  under  the  center  of  the  stump,  and  dis- 
tributed so  that  the  force  of  the  explosion  will  blow  them, 
together  with  the  main  stump,  out  instead  of  breaking 
them  off.  The  location  of  the  charges  is  determined  by  a 
careful  survey  of  the  stump,  and  bore  holes  are  put  down 
accordingly.  Care  is  exercised  to  see  that  there  are  a 
few  inches  of  dirt  between  the  charge  and  roots  as  in  the 
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case  of  the  smaller  ones.  Figure  4  gives  a  good  idea  of 
the  proper  location  of  charges  in  a  shot  of  this  root. 
The  holes  are  loaded,  charges  are  primed  and  fired  elec- 
trically. 

The  method  just  described  applies  to  the  blasting  out  of 
hollow  stumps  as  well. 

Where  a  large  fibrous-rooted  stump  is  to  be  removed 
and  a  stump  puller  is  to  be  used  in  conjunction  with 
dynamite,  the  process  of  loading  is  the  same  as  indicated 
in  Fig.  3,  except  that  the  charge  is  placed  directly  under 
the  heaviest  part  and  against  the  stump  instead  of  leav- 
ing a  layer  of  dirt  between  charge  and  stump.  The  force 
of  this  blast  splits  the  stump  and  loosens  the  roots,  en- 
abling the  stump  puller  to  easily  complete  the  operation. 
The  use  of  this  method  is  advised  only  in  connection  with 
mechanical  or  power  pullers. 

It  is  hard  to  say  whether  any  one  grade  or  strength  of 
dynamite  is  best  for  stump  blasting.  Generally  speaking, 
a  low-freezing  or  non-freezing  dynamite  from  20  per  cent 
to  40  per  cent  strength  will  give  satisfactory  results. 
However,  it  is  best  not  to  use  any  dynamite  of  lower 
strength  than  40  per  cent  when  working  in  light  or  sandy 
eoils. 

Dynamite  is  the  contractor's  best  friend  and  the  stump's 
greatest  enemy. 


A  DUMPING  PLATFORM  FOR  FLAT  CARS. 

A  unique  and  efficient  earth  moving  outfit  was  impro- 
vised in  extending  the  main  line  railway  of  the  Crossett 
Lumber  Co.,  of  Crossett,  Ark.  Flat  cars  only  were  avail- 
able and  a  traction  steam  shovel.  The  arrangement  de- 
vised, as  shown  by  Fig.  1,  was  to  mount  the  shovel  on  one 
flat  car  and  couple  a  flat  car  in  front  and  another  behind, 
to  form  a  three-car  train  hauled  by  a  locomotive.  The 
shovel,  which  was  of  the  full  circle  type,  loaded  both  cars. 
To  equip  these  cars  to  dump  their  loads  a  dumping  plat- 
form, as  shown  by  Fig.  2,  was  devised.  Two  platforms 
7  ft.  wide  were  made  of  2-in.  plank  spiked  to  three  longi- 
tudinal timbers;  at  the  outer  edge  was  a  2x4-in.  longi- 
tudinal and  at  the  inner  edge  a  4x6-in.  longitudinal  and 
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TIMBER    TRACKWAY    UNITS    FOR    DRAG   LINE 

EXCAVATORS,  LITTLE  RIVER  DRAINAGE 

DISTRICT. 

Two  forms  of  excavator  trackway  units  developed  on 
the  work  of  the  Little  River  drainage  district,  near  Cape 
Girardeau,  Ho.,  are  illustrated  at  A  and  B  on  Fig.  1. 
The  excavators  used  on  this  work  are  175  to  200-ton 
Bucyrus  drag  line  machines,  some  mounted  on  trucks 
and  others  on  caterpillar  tractions  or  on  rollers.  The 
trackway  unit  for  the  truck  mounted  machines  is  shown 
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Trackway    Units    for    Drag   Line    Excavators. 

at  A  and  that  for  the  roller  mounted  machines  at  B. 
These  drawings  show-  all  essential  structural  features 
and  dimensions.  Features  to  be  noted  are  the  overlap 
of  each  unit  onto  the  next  and  the  sling  for  handling 
the  unit  by  the  excavator.  The  contractor  using  these 
trackway  units  is  the  Floesch  Construction  Co.,  Cape 
Giradeau,  Mo. 


PROGRESS     AND     METHOD     OF     EXCAVATING 

ROGERS    PASS    TUNNEL,    CANADIAN 

PACIFIC  RY.* 

The  Rogers  Pass  Tunnel  is  in  the  Selkirk  Mountains 
of  British  Columbia.  It  is  double  tracked,  five  miles 
long,  and  as  shown,  lowers  the  summit  of  the  former  line 
by  552  ft.     It  also  shortens  the  line  by  4.3  miles,  elimi- 
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Fig.    1 — Grading    Train    Crossett    Lumber    Co.    Railway. 

about  a  third  of  the  width  inward  from  the  outer  edge  was 
another  4x6-in.  longitudinal.  The  intermediate  longi- 
tudinal set  inside  and  against  the  car  stakes.  The  two 
platforms  were  set  on  the  car  edge  to  edge  and  crotch 
lines  attached  to  the  inside  edge  timbers.  The  platforms 
were  loaded  by  shovel  and  the  train  hauled  to  the  fill; 
then  the  crotch  line  of  one  platform  at  a  time  was  hooked 
onto  the  steam  shovel  dipper  and  the  platform  was  tilted 
and  dumped.  Mr.  J.  R.  Horton,  roadmaster,  who  de- 
vised this  grading  train,  writes  that  he  can  with  it  move 
dirt  on  a  haul  of  1,500  ft.  for  from  4  to  7  ct.  per  cubic 
yard. 


Fig.  2 — Dumping   Platform  for  Flat  Cars. 

nates  some  2,300  or  2,400  degrees  of  curvature  and  avoids 
the  expense  and  danger  of  maintaining  and  operating  4.5 
miles  of  snow  sheds. 

A  pioneer  tunnel  was  driven  entirely  outside  the  reg- 
ular section  of  the  tunnel,  and  a  center  heading  was 
driven  along  the  center  of  the  main  tunnel.  The  func- 
tions of  the  pioneer  tunnel  were  to  provide  a  means  of 
transporting  the  material  from  the  heading  to  a  point 
back  of  where  the  enlargement  of  the  tunnel  was  being 
made,  and  to  provide  for  the  carrying  of  high  pressure 
air  pipes,  water  pipes,  ventilating  section  pipes,  etc.     In 

•Extract  from   a  paper  by   J.    G.    Sullivan  before    the   Canadian   So- 
ciety of   Civil   Engineers. 
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other  words,  to  provide  a  means  whereby  the  "shoot- 
ing" at  any  one  point  in  the  tunnel  would  not  interfere 
with  operations  at  other  points.  It  was  supposed  that 
heavy  drills,  such  as  have  been  used  in  the  past,  would 
be  necessary,  but  it  was  found  that  the  Leyner  drills 
actually  used  were  so  light  that  they  could  be  handled 
by  one  man.  The  result  has  been  that  all  drilling  in  the 
enlargement  has  been  done  from  vertical  shafts  as  shown 
in  Fig.  2. 

Fig.  1  is  a  progress  diagram,  and  shows  the  condition 
of  the  work  to  Dec.  19,  1915.     The  pioneer  tunnel  at  the 
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main  tunnel  in  cross-cut  G,  where  it  was  dumped  into 
standard-gage  cars.  In  the  enlargement  of  the  main  tun- 
nel the  drilling  was  done  well  ahead  of  the  shooting. 
Fig.  2  shows  the  manner  in  which  the  drilling  was  car- 
ried out.  The  radial  holes  were  at  first  drilled  at  right 
angles  to  the  axis  of  the  tunnel,  but  the  results  were 
not  satisfactory,  and  a  change  was  made  to  the  method 
shown,  in  which  the  holes  have  an  inclination  of  about 
1  in  4  from  the  direction  in  which  the  tunnel  was  be- 
ing driven.  The  muck  was  all  loaded  by  steam  shovels 
into  standard-gage   12-eu.  yd.  capacity  dump  cars.     The 
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FIG.    1  — DRILLING    AND    SHOOTING    FOR    ENLARGEMENT.    ROGERS    PASS    TUNNEL. 
First   Shct:     Ring   1.   holes  4.  5,  6,  7.  8,  A.   B:   Ring  2.   holes  1,  2,  3.      Second    Shot:    Ring   2.    holes   4,   5.   6.  7.   8.   A,    B;    Ring   3.   holes   1.  2.   3. 
Third   Shct:     Ring   3.    holes   4.   5.   6.   7.   8.   A.    B;    Ring   4.    holes   1.   2,   3.      After  sufficient  number  of  shots  have  been   made  as  above   (usually  five 
or  six   rings),  the   holes  above  the   line   XY   are   shot    (holes  9.    10,   11,   12,   13,  C),  one  or  two  rincs  at  a  time,  depending  on  the  nature  of  the  rock. 


east  end  was  located  50  ft.  to  the  north  of  the  center 
line  of  the  main  tunnel  and  the  pioneer  tunnel  at  the 
west  end  50  ft.  to  the  south  of  the  center  line  of  the 
main  tunnel.  The  mode  of  operation  was  as  follows: 
Drilling  in  the  small  headings  was  done  in  the  usual 
manner,  using  in  general  Leyner  drills,  making  an  ad- 
vance of  6  or  7  ft.  for  each  round  of  holes.  The  muck 
was  shoveled  by  hand  from  steel. plates  into  "half-yard" 
cars  and  hauled  back,  either  by  a  mule  or  small  com- 
pressed air  locomotive.  The  latter  was  used  entirely 
when  the  haul  had  reached  a  considerable  distance.    The 


shovels  had  dippers  of  l'2-cu.  yd.  capacity  and  were 
worked  by  compressed  air.  The  cars  were  hauled  to  the 
mouth  of  the  tunnel  by  standard-gage  compressed  air 
locomotives  and  taken  from  there  to  the  dumps  by  stand- 
ard  steam   locomotives. 

The  contract  for  this  work  was  let  on  July  1,  1913. 
The  limit  of  time  for  completion  was  3' 2  years,  which 
would  end  on  Jan.  1,  1917.  There  was  an  allowance  in 
extension  of  time  of  one  day  for  every  10  ft.  of  soft 
ground  encountered,  which  would  require  immediate 
timbering.     As  there  was  some  1,660  ft.  of  such  ground. 
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FIG.2  —DIAGRAM    SHOWING    PROCEDURE    AND    PROGRESS   OF    EXCAVATING    ROGERS    PASS  TUNNEL. 


muck  from  the  headings  A  and  B  on  the  progress  dia- 
gram was  carried  out  through  the  cross-cuts  E  and  D 
respectively  into  the  pioneer  tunnel,  where  it  was  car- 
ried back  to  cross-cut  C,  and  thence  out  on  a  trestle  over 
the  standard-gage  tracks  through  the  main  tunnel,  and 
dumped  into  standard-gage  cars.  The  material  was  then 
removed  to  the  fills  as  was  also  the  muck  loaded  by 
steam  shovels  in  the  enlargement.  The  muck  from  head- 
ing F  on  the  west  end  was  in  a  similar  manner  conveyed 
into  the  pioneer  tunnel  at  cross-cut   H  and  back  to  the 


the  time  limit  of  the  contract  was  extended  into  June 
1917. 

The  work  completed  up  to  Dec.  19,  1915,  was  as  fol- 
lows: 19,610  ft.  of  pioneer  tunnel,  24,612  ft.  of  center 
heading,  1,660  ft.  of  earth  tunnel,  and  14,342  ft.  of 
tunnel  enlargement  in  rock. 

At  the  same  date  there  remained  to  be  driven:  288  ft. 
of  center  heading  and  10,398  ft.  of  tunnel  enlargement. 

The  best  progress  made  in  driving  the  pioneer  tunnel 
heading  was  in  the  month  of  Januarj',  1915,  when  932  ft. 
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in  the  west  heading  were  completed.  The  best  record 
for  a  week  in  the  enlargement  was  267  ft.,  and  for  a 
month  827  ft.'  The  latter  distance  was  accomplished 
during  the  month  of  August,  1915,  in  the  west  end. 

From  April  1,  1915,  to  Dec.  19,  1915,  12,346  ft.  of  tun- 
nel enlargement  was  made.  This  was  during  the  time 
that  the  shovels  were  both  working  in  rock  and  at  a 
normal  rate  of  speed.  The  methods  employed  in  shooting 
in  the  enlargement  were  as  follows:  One  round  of 
holes  was  shot  a  time,  the  holes  in  the  bottom  of  the 
tunnel  being  shot  in  advance  of  the  holes  on  the  sides 
or  on  top.  (See  Fig  2.)  In  some  cases  the  top  holes  were 
not  shot  until  all  the  bottom  holes  were  finished.  Usually 
si.x  or  seven  rounds  of  holes  were  shot  before  the  steam 
shovel  began  to  take  up  the  muck,  thus  making  an  ad- 
vance of  from  30  to  35  ft.  The  shooting  was  usually 
continued  until  the  tunnel  became  so  full  of  muck  that 
no  more  shooting  could  be  done.  The  largest  amount 
shot  at  one  time  was  84  ft.  in  11  hours. 

All  e.xpectations  as  to  speed  in  the  execution  of  the 
work  have  been  more  than  realized.  For  rock  tunneling 
where  the  rock  is  of  sufficient  hardness  to  stand  until 
the  mucking  has  been  completed,  the  method  described 
can  be  most  successfully  worked,  and  a  speed  of  three 
mile's  a  year  can  be  easily  made  at  a  much  less  cost  than 
tunnels  driven  at  the  same  speed  by  the  European 
method.  Furthermore,  the  practice  of  radial  shooting 
has  given  a  great  deal  less  overbreak  than  would  have 
resulted  had  the  holes  been  drilled  parallel  to  the  axis 
of  the  tunnel. 

The  work  was  laid  out  and  commenced  under  Mr.  F. 
F.  Busteed,  Engineer  in  charge  of  double  tracking,  with 
Mr.  J.  W.  Sheppard  as  Assistant  Engineer.  It  has  re- 
cently been  under  the  supervision  of  Mr.  W.  A.  James, 
Engineer  of  construction  western  lines,  with  Mr.  H.  G. 
Barber  as  Assistant  Engineer,  Mr.  T.  Main,  Resident  En- 
gineer at  the  west  end  and  Mrs.  J.  R.  C.  Macredie,  Resi- 
dent Engineer  at  the  east  end.  The  contractors  are 
Messrs.  Foley  Bros.,  Welch  &  Stewart.  The  construction 
work  has  been  supervised  for  the  contractors  by  Mr.  A. 
C.  Dennis. 


SPECIAL     DEVICE     AND     PROCEDURE     FOR 
CROSS-SECTIONING  TUNNELS. 

This  device  consists  of  a  triangular  A-frame  of  wood 
with  a  crosspiece  in  the  center  of  the  frame,  supporting 
an  upright  piece  5  ft.  6  in.  long.  A  leveling  screw  is 
placed  at  the  apex  of  the  A-frame,  and  a  level  bubble  on 
the  crosspiece.  To  the  upright  is  attached  a  circular 
protractor  24  in.  in  diameter,  so  placed  that  the  center 
of  the  protractor  will  be  4  ft.  6  in.  above  base  of  rail  on 
tangents.  This  protractor  is  graduated  to  single  de- 
grees from  0  to  360  reading  from  left  to  right  in  the 
clockwise  direction,  zero  being  at  the  bottom  of  the  pro- 
tractor. 

The  protractor  is  made  of  two  pieces  of  wood  14  in. 
in  thickness,  glued  together  with  grain  crossed  in  order 
to  prevent  warping.  The  A-frame  is  put  together  with 
bolts  secured  with  thumbscrew  nuts  in  order  that  it  can 
be  taken  apart  and  readily  carried  about,  also  can  be 
stored  when  not  in  use  without  occupying  much  space. 
The  device  was  made  by  the  car  department  at  the  Pa- 
ducah  shops. 

When  a  tunnel  section  is  to  be  taken  the  A-frame  is 
placed  upon  the  rails  of  the  track  and  is  held  in  place 
by  iron  cleats.  The  frame  i§.  then  leveled  by  means  of 
the  leveling  screw  referred  to  above.  The  level  bubble 
on  the  center  of  the  crosspiece  which  supports  the  up- 
right is  a  guide  for  leveling  the  device.  A  plumb-bob 
line  is  also  used  in  order  to  be  absolutely  certain  that 
the  upright  piece  is  vertical. 

In  taking  the  cross-section,  an  ordinary  13-ft.  level  rod 
is  placed  at  points  where  readings  ^re  to  be  taken  and 
held  against  the  face  of  the  protractor,  one  edge  on 
line  with  center  of  same.  Angle  and  distance  (the  only 
measurements  necessary  to  be  taken)  are  recordd  in  an 
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engineer's  cross-section  notebook.  The  rod  is  brought 
into  contact  with  the  controlling  points  of  the  tunnel 
outline,  which  are  those  of  the  greatest  projection  and 
depression  of  the  surface.  Cross-sections  are  taken  at 
suflScient  intervals  to  accurately  determine  excavation 
quantities,  as  in  all  earthwork  measurements. 

Three  men  are  required  to  operate  the  tunnel  measur- 
ing device.  One  man  holds  the  rod  and  reads  distances 
and  angles,  the  levelman  directs  the  work  and  records 
notes,  and  the  third  man  holds  a  light.  The  device  is 
always  set  so  the  protractor  faces  toward  zero  station, 
and  readings  are  taken  and  recorded  from  left  to  right, 
thereby  as  far  as  possible  eliminating  chances  of  errors. 
It  can  be  set  up,  and  a  section  taken  in  from  10  to  15 
minutes. 

The  field  notes  are  platted  in  the  office,  and  the  tun- 
nel section  is  reproduced  to  some  convenient  scale,  the 
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♦Frnm  an  article  Ir   Illinois  Central  R.   R.   Employes'  Magazine  by 
T.  H.  Robertson,  Assistant  Engineer,  Valuation  Department. 


Protractor    Device   for    Measuring    Tunnel    Cross-Section. 

office  protractor  being,  set  at  the  same  distance  above 
base  of  rail  or  grade  as  the  field  instrument  measures. 
The  height  of  protractor  above  base  vail  is  recorded  in 
the  field,  as  it  varies  on  curves  due  to  elevation  of  outer 
rail.  The  points  platted  on  the  cross-section  sheet  are 
joined  by  lines,  and  the  area  is  determined  by  the  plani- 
meter  or  by  calculations  based  on  the  triangles  of  which 
the  figure  is  composed.  The  data  taken  are  simple  to 
record,  and  can  be  as  readily  platted  and  computed  in 
the  office  as  data  taken  by  any  other  method. 

The  actual  cost  of  securing  cross-sections  of  Montgom- 
ery tunnel,  which  is  an  unlined  rock  tunnel  252  ft.  long, 
was  $4.16,  or  less  than  2  ct.  per  linear  foot.  Six  sec- 
tions were  taken  in  this  tunnel,  averaging  about  20  read- 
ings each.  During  the'  progress  of  measuring  this  tun- 
nel it  was  necessary  to  take  up  the  device  and  move  it 
outside  the  tunnel  five  times  in  order  to  permit  passage 
of  trains.  Had  it  not  been  for  this,  the  cost  of  meas- 
uring this  tunnel  would  have  been  reduced  one-half,  or 
to  about  1  ct.  per  linear  foot  of  tunnel.  However,  similar 
delays  are  to  be  expected  in  every  tunnel  through  which 
trains  are  operated,  and  the  2  ct.  cost  per  foot  of  meas- 
uring Montgomery  tunnel  may  be  taken  as  a  fair  aver- 
age for  doing  this  class  of  work. 

Comparing  this  method  of  measuring  tunnels  with  the 
ordinary  method  of  using  a  wye  level  and  tape,  it  should 
be  noted  first  that  the  level  and  tape  method  requires 
five  men  as  against  three  with  the  measuring  device.    Of 
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these  five  men,  one  man  reads  the  wye  level  and  records 
notes,  two  men  operate  rod  and  tape,  another  holds  a 
light  to  illuminate  the  cross-hairs  of  the  level,  and  the 
fifth  holds  a  light  for  reading  rod  and  tape.  On  account 
of  difliculty  of  reaching  points  in  the  roof  of  the  tun- 
nel by  the  latter  method,  and  the  necessity  of  holding 
the  level  rod  plumb  and  keeping  the  tape  truly  horizon- 
tal, the  tunnel  outline  can  not  be  as  accurately  deter- 
mined in  this  way  as  by  the  use  of  the  device  described 
above.  Also,  owing  to  difficulty  of  reading  wye  level 
and  operating  rod  and  tape,  it  takes  more  than  twice 
as  long  to  secure  each  cross-section  with  wye  level,  rod 
and  tape,  so  that  the  cost  of  the  work  would  be  more 
than  doubled  thereby. 
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for  this  work  was  the  R.  J.  Beal  Construction  Co.,  Wash- 
ington, D.  C,  and  the  excavator  used  was  the  standard 
machine  made  by  the  F.  C.  Austin  Drainage  Excavator 
Co.,  Chicago,  111. 


TRENCH  EXCAVATION  AND  A  CLEAN  STREET. 

A  thoroughfare  obstructed  by  mountainous  spoil  banks 
and  general  litter  is  the  conventional  picture  of  a  street 
being  trenched  for  underground  pipes.  The  accom- 
panying view  shows  a  variation.  The  work  is  being 
done  in  Washington,  D.  C.  Trench  for  conduit  is  being 
dug  across  public  building  grounds  and  through  streets 
fronted   by  public   buildings   and  the   usual   spoil   banks 


WELL     DRILLING     IN     MODERN     QUARRYING.* 

The  well  drill  or  cable  drill  method  of  working  a 
cjuarry  face  is  now  in  quite  common  use.  The  use  of 
large  drills  is  constantly  increasing  among  (juarrymen. 
In  fact  the  growing  tendency  is  for  large  machinery  of 
all  kinds,  such  as  mammoth  crushers,  steam  shovels,  etc. 
Volume   is   what   is   wanted   nowadays. 

The  advantages  of  the  big  drill  over  the  piston  driven 
drill  are  numerous.  By  carrying  the  holes  the  full  depth 
of  the  face  the  stone  is  loaded  and  treated  on  one  work- 
ing floor.  It  eliminates  the  cost  of  bench  cleaning. 
Loading  operations  are  less  frequent,  thus  lessening  the 
danger.  Stone  can  be  shot  down  in  greater  volume  and 
in  better  shape,  making  it  economical  to  use  a  steam 
shovel.  No  bench  cleaning  makes  it  safer  for  the  men. 
It  is  cheaper  and  can  be  used  in  outlying  and  temporary 
operations  where  the  cost  of  installing  a  power  plant 
would  be  out  of  the  question.     It  permits  a  greater  spac- 


Street   Trenching   Without   SpcM    Banks. 


and  encumbering  litter  were  required  to  be  eliminated 
to  the  fullest  degree  possible.  As  the  first  means  to  this 
end  excavation  by  trench  excavator  was  decided  on.  This 
insured  rapid  opening  of  trench  and  also  limited  the 
length  of  trench  section  required  to  be  under  construc- 
tion at  any  moment.  A  more  important  advantage,  how- 
ever, was  that  the  trench  excavator  could  discharge  the 
earth  just  as  it  was  excavated  directly  into  dump  wagons 
driven  under  the  spoil  conveyor  belt.  The  wagons  car- 
ried the  spoil  to  the  rear  for  backfilling  or  away  to  dump- 
ing grounds  in  case  of  samples.  The  little  pile  of  earth 
shown  in  the  illustration  was  all  that  obstructed  the 
street  at  any  time  and  this  was  cleaned  up  with  shovels 
as  soon  as  the  first  dump  wagon  arrived.    The  contractor 


ing  of  bore  holes  and  eliminates  the  necessity  of  "squib- 
bing"  or  springing. 

In  this  method  usually  holes  from  4  in.  to  6  in.  in  di- 
ameter are  drilled  the  full  depth  of  the  face  from  15 
ft.  to  20  ft.  apart  and  as  far  back  and  the  whole  face 
shot  down  at  one  time. 

The  cost  cf  well  drilling  may  vary  all  the  way  from 
20  ct.  to  7.5  ct.  per  foot,  and  in  extremely  hard  rocks  up 
to  $1.50  per  foot.  In  the  flat  laminated  rocks  of  the 
Middle  West  as  much  as  75  ft.  of  hole  can  be  drilled  per 
day,  while  in  the  harder  pitching  rocks,  common  in  the 
East,  from  25  ft.  to  40  ft.  per  day  is  considered  good. 

•Extract  frnpi  paner  bv  S.  R.  Rus.sell.  read  before  the  Du  Pont  Sales 
Convetitlcn.  February,  1916. 
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I  know  of  a  few  places  where  5  or  6  ft.  per  day  is  all  that 
can   be   made. 

These  drills  are  best  adapted  where  the  strata  are 
flat  and  the  height  of  the  face  exceeds  25  ft.  When  used 
in  harder  rocks  it  is  best  to  drill  a  5^'s-in.  hole  because 
it  is  possible  to  concentrate  more  explosives  in  the  bot- 
tom where  it  is  usually  most  needed  and  the  larger  hole 
permits   greater   spacing,    hence   minimum    drilling   cost. 

In  lighter  materials  such  as  shale  or  sandstones  or 
even  in  some  limestones  with  a  shallow  face  it  may  be 
more  economical  sometimes  to  use  a  4-in.  or  4'2-in.  bit, 
because  not  so  much  concentration  as  distribution  may 
be  desirable  and  a  considerable  saving  of  explosives  can 
be  made.  A  5-;s-in.  hole  requires  about  15  lb.  of  dyna- 
mite and  a  4-in.  hole  only  about  l]^  lb.  to  fill  1  ft. 

Spacing  of  holes  depends  on  the  character  of  the  ma- 
terial and  the  depth  of  the  face.  A  nice  spacing  for  holes 
35  ft.  deep  is  about  12  ft.  apart  and  15  ft.  back.  Holes 
60  ft.  deep  can  be  spaced  16  ft.  x  20  ft.  and  holes  100  ft. 
or  more  20  ft.  apart  and  25  ft.  back  in  most  materials. 
I  don't  believe  it  advisable  to  ever  space  more  than  20 
ft.  apart. 

Holes  should  be  drilled  3  or  4  ft.  below  the  quarry 
floor,  unless  there  is  a  natural  parting  at  that  level,  in 
which  case,  if  holes  are  sunk  to  grade  the  bottoms  will 
come  clean.  Going  below  the  floor  insures  better  break- 
age, cleaner  floor  and  permits  easy  access  for  a  steam 
shovel  if  used. 

No  rule  can  be  given  as  to  the  amount  of  dynamite  to 
load  in  holes  of  given  depth:  all  depends  on  local  condi- 
tions. The  important  part  is  the  selection  of  the  proper 
explosive  to  produce  the  desired  results.  Explosives 
differ  widely  in  their  action  and  what  would  suit  one 
condition  may  not  fit  another. 

I  usually  before  loading  calculate  the  number  of  tons 
or  cubic  yards  available  in  the  blast  and  then  aim  to 
get  about  5  tons  of  stone  per  pound  of  explosive,  vary- 
ing the  load  per  hole  according  to  the  burden  or  local 
conditions. 

In  deep  holes  considerable  saving  can  be  made  by 
breaking  the  load  two  or  three  times  with  equally  good 
results.  The  object  in  breaking  the  load,  besides  sav- 
ing explosives,  is  to  distribute  the  charge  where  the  rick 
is  hardeLst,  skipping  seams  and  weak  points  where  it  is 
not  needed.  It  is  good  policy  to  arrange  the  breaks  so 
that  they  are  not  all  on  the  same  level.  This  amounts 
to  the  same  thing  as  shooting  two  or  more  benches  simul- 
taneously. 

In  loading  deep  holes  there  is  little  gained  by  remov- 
ing the  paper  and  loading  the  dynamite  loose  or  in  bulk. 
In  fact  the  danger  is  increased  by  so  doing  as  loose  pow- 
der may  be  scattered  all  along  the  walls  of  the  hole  and 
at  the  mouth.  When  this  occurs  there  is  danger  of  a 
stone  working  loose,  getting  wedged  between  the  tamp- 
ing block  and  wall,  causing  friction  and  setting  off  the 
charge. 

Before  loading  all  the  water  possible  should  be  re- 
moved from  the  holes.  There  is  always  some  water  in 
well  drill  holes  which  cannot  be  removed.  It  is  advisa- 
ble to  use  large  cartridges  as  they  are  much  more  con- 
venient and  lighten  the  labor  considerably  in  loading. 

If  holes  are  loaded  in  ■  cold  weather  care  should  be 
taken  to  see  that  the  explosives  are  properly  thawed. 

As  a  usual  thing  well  drill  holes  are  driven  and  blasted 
in  one  line,  holes  being  eauidistant  from  the  face.  Oc- 
casionally in  very  hard  ground  better  results  are  ob- 
tained by  staggering  the  holes.  There  is  also  another 
method  known  as  "buffer"  shooting  or  shooting  against 
the  bank.  By  this  is  meant  that  a  line  of  holes  is  shot 
down  and  then  another  line  drilled  and  blasted  before 
the  debris  from  the  previous  shot  is  removed.  This 
method  is  well  adapted  in  limestone  formations  where 
the  stone  is  flat  and  thinly  laminated  on  top.  It  is  only 
necessary  to  loosen  or  push  out  the  bottom  in  such  a 
formation.  It  eliminates  the  necessity  of  lifting  and 
laying  tracks  or  moving  the  shovel  so  frequently  as  when 
clear  bank  method  is  used. 

In  hard  rocks  a  combination  of  60  per  cent  and  40  per 
cent    dynamite    is    recommended.      A    little    60    per   cent 


should  be  loaded  in  the  bottom  of  each  hole  and  40  per 
cent  used  on  top.  In  softer  flat  limestones  a  40  per  cent 
explosive  will  usually  be  found  strong  enough  and  often 
a  lower  grade  can  be  used  for  top  load.  If  the  work  is 
very  wet  and  the  tee  heavy  it  may  be  necessary  to  use 
a  gelatin  dynamite  from  40  per  cent  to  60  per  cent 
strength. 

It  seems  unnecessary  to  say  that  strong  detonators 
should  always  be  used,  at  least  No.  6  Electric  Blasting 
Caps,  and  better  still,  No.  8.  If  holes  are  double  or 
triple  loaded  at  least  two  electric  blasting  caps  should 
be  used  in  each  charge  unit  to  assure  thorough  detona- 
tion and  to  afford  a  way  out  in  case  one  should  be  broken 
or  otherwise  spoiled  during  tampering.  I  have  found 
electric  blasting  caps  with  duplex  wire  leads  a  great 
convenience  in  loading  deep  holes. 

They  are  handier,  stronger,  and  better  than  those  with 
two  single  leads.  Oftentimes  short  length  electric  blast- 
ing caps  are  used  and  connecting  wire,  spliced  to  make 
necessary  length.  A  good  scheme  followed  in  one  big 
operation  is  to  use  wires  with  colored  insulation,  splicing 
a  red  wire  to  one  leg  and  a  blue  to  the  other. 

When  final  connections  are  made — parallel  method — 
the  red  wires  are  connected  to  one  lead  and  blue  to  the 
other.    There  is  no  chance  of  a  mistake  if  this  is  done. 

Sand,  clay  or  fine  screenings  should  be  used  for  tamp- 
ing and  holes  filled  up  to  the  collar.  In  holes  up  to  35 
ft.  deep  a  tamping  hole  or  stick  can  be  used  handily. 
If  of  greater  depth  it  is  necessary  to  use  a  rope  and 
block  as  a  tamper. 

A  tamping  block  should  be  of  wood  about  4  ft.  long 
and  from  3  in.  to  4  in.  in  diameter  with  a  rope  fastened 
at  one  end.  For  very  deep  holes  a  light  tripod  can  be 
built  and  the  block  operated  by  tw-o  men  with  the  rope 
over  a  pulley  at  the  apex. 

Each  electric  blasting  cap  should  be  tested  for  cir- 
cuit with  a  reliable  galvanometer  before  being  placed 
in  the  hole.  When  all  the  holes  are  loaded  and  connec- 
tions made  be  sure  by  test  that  the  resistance  of  the 
circuit  does  not  exceed  the  capacity  of  the  blasting  ma- 
chine or  power  circuit  and  fire  the  blast  as  soon  as  pos- 
sible after  loading  is  completed. 


DYNAMITING     A     DREDGEWAY    UNDER     A 
BRIDGE. 

Contributed  by  Faul  R.   Higgings.  Lake  City,  Iowa. 

A  small  creek  ran  under  a  concrete  bridge  22  ft.  in 
width.  It  was  desired  to  run  dredges  under  the  bridge, 
but  the  creek  wt.s  not  deep  enough,  nor  wide  enough.  I 
was  given  the  contract  at  a  price  of  80  ct.  per  cubic  yard 
to  deepen  and  widen  the  creek  for  60  ft.  on  either  side 
of  the  bridge. 
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Method   of   Enlarging    a   Creek   Bed    by    Dynamite. 

I  began  operations  directly  under  the  bridge.  It  was 
impracticable  to  load  heavy  charges  at  that  point,  so  I 
put  down  a  row  of  bore  holes  2  ft.  back  from  the  bank 
of  the  strenm,  spacing  them  2  ft.  apart  and  making 
them  2  ft.  deep.  Each  hole  was  loaded  with  a  half  stick 
of  60  per  cent  dynamite.  I  worked  in  this  way  from 
both  ends  toward  the  middle.     It  was  necessary  for  me 
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to  make  use  of  these  little  shots  at  the  2-ft.  distances 
all  the  way  down  these  lines  in  order  to  get  the  required 
excavation. 

Thisjnethod  of  blasting  resulted  in  throwing  most  of 
the  dirt  into  the  creek  bed,  which  was  at  that  time  dry. 
Two  hours'  work  with  team  and  scraper  at  a  cost  of  50 
ct.  per  hour  were  required  to  remove  the  dirt. 

After  finishing  under  the  bridge,  the  work  was  much 
easier,  as  I  could  load  more  heavily.  Parallel  rows  of 
holes  were  put  down  on  either  side  of  the  creek  2  ft. 
back  from  the  banks,  6  ft.  deep  and  4  ft.  apart,  each  hole 
loaded  with  from  seven  to  nine  sticks  of  the  60  per  cent 
dynamite.  An  electric  cap  was  used  in  each  charge  and 
the  charges  were  fired  electrically.  The  accompanying 
diagram,  A.  Fig.  1,  will  illustrate  this  operation.  These 
side  blasts  threw  most  of  the  dirt  over  into  the  dry  creek 
bottom,  leaving  the  work  in  the  condition  indicated  by 
diagram  B  Fig  1. 

I  then  put  down  a  single  row  of  holes  directly  down 
the  center  of  the  hump,  also  two  more  parallel  rows  of 
holes  on  either  side  of  the  center  line.  These  side  lines 
were  each  about  3  ft.  from  the  center  line.  The  center 
line  of  holes  was  about  6  ft.  deep;  the  side  lines  from  3 
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ing  a  pneumatic  concrete  mi.xer  and  its  appurtenances 
and  one  combining  a  spiral  car  incline,  a  stone  screen  and 
a  belt  conveyor.  Only  the  latter  traveler  is  illustrated. 
The  conveyor  on  cantilever  end  overhangs  the  hopper 
of  the  mixer  mounted  on  the  smaller  traveler. 

The  method  of  placing  the  concrete  lining  was  de- 
scribed in  our  issue  of  May  — ,  1916,  and  will  not  be  re- 
ferred to  further  here.  The  tunnel  spoil  tracks  were 
20-in.  gage  and  were  4  ft.  between  centers,  and  both 
travelers  had  to  be  designed  to  travel  on  one  track  and 
leave  the  other  track  unobstructed  for  spoil  cars.  The 
manner  of  accomplishing  this  and  yet  have  ample  plat- 
form space  on  the  traveler  is  indicated  by  the  drawings. 
As  shown,  the  traveler  is  of  steel;  it  is  mounted  on  steel 
wheels  with  steel  roller  bearings  and  carries  an  inclined 
car  track,  a  hopper  and  a  screen,  a  belt  conveyor  and 
the  motors  for  operating  the  conveyor  belt  and  the  car 
hoist.  In  operation  cars  coming  from  the  working  face 
on  the  free  track,  are  switched  to  the  traveler  track, 
hauled  up  the  incline  and  dumped  onto  the  screen.  The 
fine  spoil  under  4  in.  passes  through  the  screen  and  the 
conveyor  belt  and  is  carried  to  the  concrete  mixer  hop- 
per.    The  rejected  rock  is  chuted  from  the  screen  onto 
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Traveler   for   Screening    Tunnel    Spoil    for    Concrete    Lining. 


to  4  ft.  My  center  line  of  holes  (all  the  holes  were  from 
2  to  8  ft.  apart)  was  loaded  with  about  4\->  cartridges 
each  of  the  straight  dynamite,  and  the  side  line  of  holes 
with  about  three  cartridges  each. 

This  final  shot  resulted  in  throwing  the  dirt  out  on 
the  banks,  leaving  a  nice  clear  ditch  nearly  20  ft.  wide 
at  the  top  and  about  12  ft.  wide  at  the  bottom.  Diagram 
C  Fig  1  will  illustrate  the  loading  for  this  last  shot  and 
the  approximate  shape  of  the  ditch  after  the  blast. 


UTILIZING     TUNNEL     SPOIL     FOR     CONCRETE 

LINING  WITHOUT  REMOVAL  FROM 

TUNNEL. 

In  excavating  the  Wilson  Ave.  water  works  tunnel  now 
under  construction,  it  was  found  that  much  of  the  rock 
excavated  broke  very  small  in  blasting.  Tests  of  the 
finer  portions  of  this  blasted  rock  in  concrete  blocks  and 
also  in  above  ground  preliminarj-  construction  demon- 
strated that  it  made  an  excellent  concrete  and  the  nat- 
ural conclusion  was  that  it  could  advantageously  be 
utilized  in  concrete  lining  the  tunnel.  The  economic  way, 
it  was  also  seen,  would  be  to  use  the  rock  without  re- 
moving it  from  the  tunnel.  The  plan  developed  is  a 
novelty  in  tunnel  construction  and  is  indicated  in  dia- 
gram by  the  accompanying  drawings.  It  involved  the 
construction   of  two  within  tunnel  travelers,  one  carry- 


the   tunnel   floor  and  thence   is   shoveled   into   cars   and 
taken  out  of  the  tunnel. 

The  plant  has  worked  successfully.  Only  such  spoil 
cars  as  are  needed  to  supply  stone  for  concrete  are  di- 
verted to  it.  the  other  cars  passing  freely  out  of  the  tun- 
nell  so  that  no  delay  to  excavation  for  removing  spoil 
is  caused.  Lining  is  simultaneous  with  excavation,  thus 
cutting  down  the  total  time  of  construction.  And,  as 
noted  before,  the  stone  required  for  concrete  lining  does 
not  have  to  be  handled  out  of  the  tunnel  and  back  again. 
The  tunnel  construction  is  under  the  direction  of  Mr. 
Henry  W.  Clausen,  engineer  of  water  works  construc- 
tion, Chicago,  with  Mr.  John  Ericson,  City  Engineer, 
and  H.  S.  Baker,  Assistant  City  Engineer.  The  pneu- 
matic concrete  mixer  and  conveyor  system  is  that  of 
the  Concrete  Mixing  &  Placing  Co.,  Chicago,  111. 


DRAG  LINE  EXCAVATOR  TRACKWAY  FOR  LEVEE 
CONSTRUCTION,  BATON  ROUGE,  LA. 

On  levee  enlargement  using  drag  line  excavators  near 
Baton  Rouge,  La.,  the  contractors,  Don  B.  Hearin  &  Son, 
had  much  bog  and  soft  ground  to  traverse.  To  keep  the 
machines  up  in  covering  this  soft  ground  the  trackway 
illustrated  was  devised.  Mention  was  made  some  time 
ago  of  this  trackway,  but  it  is  reillustrated  here  to  sup- 
plement the  other  three  designs  presented. 
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The  unit  is  24  ft.  in  length  over  all.  Ten  of  them  are 
used,  five  under  each  side  of  the  machine,  giving  a 
track  of  about  100  ft.  in  length.  Each  consists  of  three 
5.\16-in.  X  20-ft.  stringers  laid  side  by  side,  thus  form- 
ing a  i-oller  bed  4  ft.  wide.  Under  these  are  placed  ten 
6.x2-in.  .X  8-ft.  standard  railway  cross-ties,  spaced  2  ft. 
apart.  Under  these  are  three  2':;xl6-in.  x  20-ft.  flooring 
planl<s,  to  serve  as  a  stiffener,  to  elevate  the  roller  bed 
and  to  keep  the  mud  from  forcing  itself  up  between  the 
ties.  These  three  sets  of  timbers  are  bolted  together  by 
thirty  ''jxlS-in.  machine  bolts  with  heads  countersunk 
below  the  surface  of  the  top  timbers.  Four  1-in.  U-bolts 
in  the  ties  serve  for  hooking  the  swinging  chains. 

The  chief  feature  of  the  section  is  the  staggered  ar- 
rangement of  the  top  timbers.  The  advantage  of  this 
is,  first,  to  break  the  joint  and  make  a  more  rigid  con- 
nection; and,  second,  to  make  it  possible  to  take  a  sharp 
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Trackway   Unit  for   Drag   Line   Excavator. 

curve  in  the  shortest  possible  space.  The  rollers  in  so 
doing  always  have  a  solid  bearing  over  the  joint. 

The  machine  can  run  in  either  direction  on  these  sec- 
tions, but  preferably  in  the  direction  of  the  arrow.  The 
reason  is  that  the  rollers  won't  strike  a  projecting  joint, 
since  the  top  timbers  on  the  section  the  dragline  is  on 
project  over  the  ties  on  the  section  onto  which  it  is  mov- 
ing and  the  weight  of  the  machine  serves  to  press  it 
down.  This  is  especially  important  on  soft  ground.  Fur- 
thermore, it  is  easier  to  pick  up  and  place  the  sections 
under  this  condition. 

For  very  soft  ground  the  bottom  flooring  may  be  ex- 
tended to  the  end  of  the  ties,  thus  giving  more  bearing 
surface. 

An  important  point  for  the  successful  handling  of  these 
sections  is  the  chain  rigging  for  picking  up  and  swing- 
ing. This  consists  of  two  pieces  of  %-m.  chain  3  ft.  9  in. 
long,  and  two  pieces  3  ft.  3  in.  long.  The  sketches  show 
the  arrangement.  It  will  be  observed  that  two  of  these 
chains  are  6  in.  longer  than  those  hooked  to  the  other 
end.  The  reason  for  this  is  that  in  swinging  one  end  is 
higher  than  the  other,  thus  making  it  easy  to  make  a 
perfect  joint. 

All  sections  must  be  placed  in  the  runway  just  as  they 
came  out.  Under  ordinary  circumstances  the  act  of 
swinging  them  from  the  rear  to  the  front  of  the  machine 
would  set  them  wrong  end  for  end.  The  long  chains, 
therefore,  should  be  given  one-half  twist.  When  the 
section  is  in  the  air  its  own  weight  will  naturally  swing 
it  to  the  correct  position. 

When  the  pit  men  put  on  the  chains  the  end  nearest 
the  operator  should  have  the  short  chains,  so  that  after 
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swinging  around  the  long  chains,  or  low  end,  are  nearest 
the  operator. 

For  ordinary  service  two  cable  clamps  are  put  on  the 
dragline  cable,  3  in.  apart  and  about  10  ft.  from  the  end. 
The  large  hook  is  hooked  between  these.  In  moving  any 
distance  the  chains  are  fastened  to  the  dragline  by  means 
of  an  ordinary  cable  clamp  around  the  shank  of  the  hook, 
thus  preventing  it  from  becoming  unhooked. 

The  sections,  if  properly  managed,  may  thus  be  swung 
ahead  and  placed  in  I'i  minutes  each.  The  contractor 
states  that  these  sections  enabled  him  to  move  his  ma- 
chine 2,600  ft.  in  10  hours. 


PULLING   TRENCH  SHEETING  WITH   A   POWER 
BACKFILLER. 

The  illustration  is  an  excellent  view  of  a  gasoline 
power  backfiller  pulling  trench  sheeting,  one  of  the 
several  tasks  of  sewer  construction,  besides  backfilling 
trenches,  to  which  this  type  of  machine  is  being  applied. 
The  procedure  followed  is  clearly  indicated  by  the  il- 
lustration. An  across-trench  "horse"  carries  the  pull- 
ing tackle  from  which  the  line  goes  to  the  drum  of  the 
backfiller.  The  tackle  is  so  slung  as  to  be  easily  shifted 
from  one  to  the  other  end  of  the  horse  so  as  to  be  di- 
rectly over  the  sheeting  being  pulled.     The  horse  shown 
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Pulling  Trench  Sheeting   With   an   Austin   Power  Trench   Bac)<flller. 

in  the  illustration  was  a  trial  construction  and  has  since 
been  replaced  by  another  somewhat  taller  and  of  more 
finished  construction.  Preparatory  to  pulling  sheeting 
the  ground  is  soaked  over  night  with  water.  With  this 
arrangement  the  contractors  have  pulled  3xl2-in  x  16-ft. 
sheeting  for  from  $2.50  to  $3  per  thousand  feet.  The 
work  illustrated  is  conduit  trench  for  the  Central  Heat- 
ing, Lighting  and  Power  Plant  at  Washington,  D.  C.  The 
contractors  are  the  R.  J.  Beal  Construction  Co.,  Wash- 
ington, D.  C,  and  the  backfiller  is  one  manufactured  by 
the  F.  C.  Austin  Drainage  Excavator  Co.,  Chicago,  111. 


A  SELF-PROPELLING  GRAB  BUCKET  CRANE 
EXCAVATOR  AND  UNLOADER. 

The  machine  shown  by  the  accompanying  illustration 
and  called  by  the  makers  an  auto  crane,  is  adapted  to  a 
wide  variety  of  construction  purposes,  such  as  excava- 
tion, ditching,  backfilling  and  loading  and  unloading 
broken  stone,  gravel  and  other  loose  material.  For  road 
work  the  machine  has  a  notable  use  in  unloading  stone 
from  cars  to  bin  as  shown  by  the  illustration.  In  future 
machines  there  will  be  an  all  steel  cab  with  open  sides. 
The  main  structural  and  operating  features  are  sched- 
uled by  the  makers,  the  John  F.  Byers  Machine  Co.,  Ra- 
venna, 0.,  as  follows: 

The  principal  dimensions  are:  Car  body,  17  ft.  4  in. 
long  by  6'i>  ft  .wide;  width  outside  wheels  (forward  and 
rear  wheels  track),  91/2  ft.;  wheel  base,  15  ft.  4  in.; 
height  from  ground  to  top  of  A  frame,  12  ft.;  (boom 
easilv  lowered  and  stack  removed  for  close  clearances) ; 
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width  outside  outriggers  (folding),  18  ft.;  size  bucket 
to  use,  'L>-yd.  clam  shell  or  12-ft.  orange  peel;  capacity  as 
a  derrick,  4,000  lb.;  length  of  boom,  20  ft.  for  heavy 
bucket  or  derrick,  26  ft.  for  light  bucket ;  weight  com- 
plete without  bucket,  19,500  lb. 

The  frame  is  constructed  of  heavy  section  deep  steel 
channels,  hot  riveted,  plated,  cross  braced  and  trussed. 
Mast  and  A-frame  heavy  steel  construction.  Outriggers: 
Heavy  steel  angles,  hinged  top  and  bottom,  easily  folded 
out  of  way.  Adjustment  secured  by  screw  jacks  perma- 
nently attached  to  ends  of  outrigger. 

The  trucks  are:  Three  point  suspension;  propelling 
wheels  38  in.  in  diameter  by  10-in.  face  by  -'i-in.  tires, 
to  which  are  attached  sprockets  driven  by  heavy  steel 
pintle  chain.  Propelling  wheels  equipped  with  a  differen- 
tial. Steering  wheels  30-in.  diameter  by  10-in.  face  by 
%-in.  tires  mounted  on  pivoted  axle  with  fifth  wheel  and 
kingbolt,  steering  by  hand  wheel  and  worm.     Axles,  3', ;. 
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The  boom  is  8  in.  x  10  in.  selected  yellow  pine  or  Ore- 
gon fir;  heavy  steel  fittings  both  ends;  three  rod  steel 
truss  full  length.  On  ordinary  unloading  work  with  boom 
at  45'  length  can  safely  be  increased  to  30  ft. 

All  sheaves  12  in.;  have  self-lubricating  graphited 
bronze  bushings.  All  wire  rope  '  j  in.  plow  steel.  Tag 
line  to  keep  bucket  from  swinging;  steel  tiller  rope  with 
counterweight  sliding  in  steel  guides  on  A-frame. 

Frequently  customers  have  on  hand  or  prefer  to  fur- 
nish the  bucket  themselves.  For  sand,  gravel,  screen- 
ings, small  coal  and  similar  loose  material  most  any  light 
standard  bucket  does  well.  But  in  1-in.,  2-in.  or  3-in. 
crushed  rock,  slag  and  large  dense  interlocking  mate- 
rials, it  is  very  important  to  have  a  high  powered  bucket 
and  sometimes  even  the  addition  of  teeth.  Consequently 
it  is  very  important  to  have  a  bucket  adapted  to  the  serv- 
ice, as  otherwise  results  may  be  very  disappointing. 
One-half  yard  is  the  proper  size  for  clam  shell;  if  neces- 
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in.  square  solid  steel,  blocked  and  trussed,  with  ends 
turned  down  to  3  7  16  in.  x  10  in.  for  wheel  bearings. 
Emergency  band  brake  provided.  Wheels  drilled  for  at- 
taching spuds  if  desired.  Propelling  speed,  forward  or 
reverse,  200  ft.  per  minute. 

The  engine  is  guaranteed  to  develop  18  H.P.  by  brake 
test;  Byers  heavy  vertical  marine  type  double  cylinder; 
compound  geared  to  hoist.  Model  A  has  two  friction 
drums  for  bucket  lines  and  a  hand  crab  for  changing 
boom  radius;  Model  B  has  all  three  drums,  live  power" 
friction  drums.  All  drums  have  brakes,  ratchets  and 
pawls,  steel  drum  barrels  11  in.  diameter  by  13  in.  long; 
capacity,  4,000  lb.  on  single  line.  Boom  swinger  at  front 
is  equipped  with  two  friction  drums,  driven  by  steel 
chain  from  main  engine.  Car  spotting  winch  is  regular 
with  Model  B,  but  extra  with  Model  A.  One  man  oper- 
ates bucket  swinger,  boom,  lift,  traction  and  steering. 

The  boiler  is  32  in.  &  70  in.  Byers  hand  made,  can 
be  furnished  to  comply  with  all  local  ordinances.  All 
boilers  pass  Hartford  specifications.  We  recommend 
steam  as  the  most  flexible  power,  but  can  furnish  gaso- 
line or  electric  power  if  conditions  demand  it. 


sary  to  use  orange  peel,  use  a  12-ft.  bucket,  as  the  orange 
peel  is  much  heavier  than  the  clam  shell. 


SOME  RECORDS  OF  EXPERIENCE  WITH  TRENCH 
BACKFILLING  MACHINES. 

The  illustrations  selected  from  two  jobs  of  trenching 
and  the  following  account  of  work  based  on  six  years' 
experience  on  many  jobs  of  power  trench  backfilling 
are  from  information  furnished  by  the  Moore-Sieg  Con- 
struction Co.,  Waterloo,  Iowa,  contractors.  The  back- 
fillers illustrated  are  machines  of  the  type  manufac- 
tured by  the  Waterloo  Cement  Machinery  Corpn.,  Water- 
loo, Iowa.  The  experience  of  these  contractors  is  that 
the  power  trench  filler  is  one  of  the  most  valuable  and 
useful  machines  u.sed  in  trenching.  In  addition  to  fill- 
ing, there  are  numerous  uses  to  which  the  machine  can 
be  put.  For  example.  Fig.  1,  on  work  at  Iowa  Falls, 
Iowa,  shows  the  backfiller  operating  a  derrick  to  hoist 
rock  from  a  deep  trench.  This  same  machine  later  back- 
filled the  trenches.  In  Fig.  2  the  machine  is  shown  work- 
ing  in   close   quarters   at   Decorah,   Iowa.     Referring  to 
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this  work,  Mr.  J.  L.  Bridges,  superintendent  for  the  con- 
tractors, writes  as  follows: 

On  Central  Street  and  High  Street  we  had  about  1.500  ft.  of  ditch, 
8  to  13^2  ft-  deep,  tj  ft.  wide  at  the  top  (necessary  because  blasting- 
caused  banks  to  cave),  In  nearly  solid  rock.  We  filled  the  1.500  ft. 
with  the  double  quick  filler  and  two  men  in  six  days'  time.  About 
300  ft.   of  this  ditch  had  stood   open   from   November  to  April,  and   I 


for  a  team,  thereby  keeping  the  ditches  filled  ahead  of  rain  and  keep- 
ing the  streets  open  to  traffic. 

The  contractors  furnish  the  following  other  records 
and  comments  drawn  from  their  experience: 

On  straight,  clean  work,  where  there  is  plenty  of  room  and  enough 
to  keep  a  team  busy  steadily,  the  cost  of  backfilling  by  machine  is 
approximately  one-half  of  the  ccst  of  doing  it  by  the  team  and  scraper 


Fig.    1 — Waterloo    Trench     Backfiller    Operating    Derrick    for    Hoisting    Rock    From    Trench. 


have  never  seen  a  team  that  could  handle  a  scraper  under  these  con- 
ditions. There  has  been  considerable  work  in  the  alleys  here  and  we 
have  used  this  backfiller  very  successfully  where  it  would  have  been 
impossible  to  use  a  team  on  account  of  the  w'ldth  of  the  alley,  it 
being  only  19  ft.  between  buildings.  What  I  value  the  most  Is  the  fact 
that  we  have  the  filler  on  the  job  all  the  time,  wasting  no  time  waiting 


method.  But  on  difficult  work,  and  for  short  stretches  where  the 
team  would  not  be  .available  or  would  stand  Idle  a  part  of  the  time, 
machine  work  costs  from  10  to  40  per  cent  of  team  or  hand  work. 

At  Decorah,  la.,  we  used  four  machines,  following  two  Austin 
trenches  and  five  hand  crews,  the  latter  working  largely  in  rock. 

At  Rockwell  City,  la.,  we  laid  13,600  ft.  of  4-in.  water  main  in  a 
6-ft.  trench  in  thirteen  working  days  using  two  trench  fillers,  at  a 
cost  of  1  ct.  per  foot  for  backfilling.  The  backfillers  were  hitched 
tandem  following  the  trench  machine. 

In  all  difficult  work  it  is  absolutely  essential  that  the  hoist  be 
mounted  on  a  turntable  so  as  to  swing  freely  to  the  proper  pulling 
.ingle.  This  makes  it  possible  for  the  man  with  the  scraper  to 
"nurse"  the  rocks  and  hard  places  and  accomplish  the  same  work 
with  a  light,  portable  machine  that  would  require  an  exceedingly 
heavy  and  large  powered  outfit  of  the  rigid  type.  It  has  been  our 
observation  that  there  is  a  great  tendency  to  make  trench  fillers  too 
heavy,  thereby'  destroying  a  large  part  of  the  economy  in  their  use. 
We  have  tried  out  thoroughly  the  traction  feature  and  have  reached 
the  conclusion  that  the  additional  weight,  cost  and  complication  more 
than  offsets  the  occasional  advantage  such  a  machine  offers. 


Fig.  2 — Trench   Backfiller  Operating    in  ,  larters  at  Decorah,   la. 

Top  view  shows  engine  skewed  where  nanovv  space  prevents  pull 
at  right  angles  to  machine.  Bottom  view  shows  rocky  nature  of  spoil 
bank  being  worked  on. 


SOME  RECORDS  OF  MOTOR  TRUCK  MINE  HAUL- 
AGE COSTS  AND  EXPERIENCE.* 

Two  Alco  S^'i-ton  motor  trucks  were  used  by  Young 
Bros,  while  operating  at  the  Mammoth  Collins  mine  at 
Shultz,  Ariz.  One  was  equipped  with  an  oil  tank  holding 
1,075  gal.  and  was  used,  for  the  transportation  of  "tops." 
The  other  was  fitted  with  a  stake  body  and  used  to  carry 
machinery,  wood,  rails,  pipe  and  all  classes  of  miscel- 
laneous supplies.  The  bodies  were  made  of  oak  with 
maple  flooring  and  were  attached  to  the  frame  of  the 
chassis  by  U-bolts,  to  avoid  drilling  the  main  members 
of  the  frame. 

Most  of  the  hauling  was  done  from  Tucson,  a  distance 
of  471^2  miles.  During  the  first  three  months,  part  of  the 
road  was  in  very  bad  condition  and  the  tire  cost  was 
excessive.  After  this  part  was  repaired  the  road  was 
in  fair  condition,  but  never  good.  There  were  no  excessive 


♦Extract  of  a  paper  in  Transactions,  American  Institute  of  Mining 
Engineers,  by  W.  G.  McBrlde,  Long  Beach.  Cal. 
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grades  or  bad  sand,  but  wagon  ruts,  too  narrow  for  the 
truck  wheels  and  of  a  different  gage,  caused  heavy  tire 
loss;  while  chyck  holes,  sharp  curves  and  stones,  both 
imbedded  and  loose,  were  objectionable  features.  During 
wet  weather  the  trucks  could  not  get  sufficient  traction  to 
climb  some  of  the  hills  and  were  likely  to  stick  in  the 
mud  in  certain  places,  so  that  no  attempt  was  made  to  run 
them  unless  they  were  on  the  road  when  the  rain  started. 
This  lost  time  amounted  to  about  5  per  cent  of  the  total, 
but,  whenever  possible,  it  was  utilized  in  making  minor 
repairs. 

The  price  of  gasoline  was  from  17  to  21  ct.  per  gallon. 
Rubber  tires  were  used  throughout.  Drivers  were  paid 
$4.50  to  $5  per  shift,  and  a  return  trip  to  Tucson  was 
counted  as  two  shifts  even  when  made  in  one  day.  Drivers 
were  provided  with  a  room  in  Tucson  and  were  paid  for 
all  time  lost  due  to  causes  beyond  their  control.  Trucks 
were  loaded  one  way  only. 

Speedometers  were  placed  on  both  trucks  but  the  ex- 
cessive vibration  soon  caused  them  to  fail.  For  this 
reason,  and  because  no  account  was  taken  of  the  distance 
covered  in  picking  up  a  miscellaneous  load  or  in  other 
minor  ways,  the  mileage  given  is  under  the  actual  distance 
traveled.  Some  of  the  weights  had  to  be  estimated,  but 
care  was  taken  to  have  the  number  of  ton-miles  low  rather 
than  high,  to  avoid  underestimating  the  costs.  The  cost 
of  hauling  from  Tucson  to  the  mines  was  $12  per  ton 
with  the  trucks,  while  the  best  possible  team  price  was 
$15.  Teams  made  one  return  trip  a  week,  while  the  truck 
regularly  made  one  in  two  days  and  could  always,  and 
many  times  did,  do  it  in  one  day.  The  loss  of  time  due 
to  wet  weather  would  be  about  half  as  much  with  teams 
as  with  trucks. 

The  table  of  detailed  costs  given  below  covered  the 
period  from  Aug.  21,  1913,  to  Aug.  15,  1914,  the  only  time 
in  which  the  trucks  were  continuously  employed.  From 
Aug.  15,  1914,  to  March  30,  1916,  the  trucks  were  used 
intermittently,  but  the  figures  for  this  period  have  been 
excluded  as  not  being  representative.  If  included,  they 
would  somewhat  lower  the  cost  per  ton-mile.  Just  prior 
to  the  close  of  the  period  covered  by  the  cost  figures,  the 
trucks  were  overhauled  and  put  in  good  condition;  new 
rear  wheels  were  put  on  and  new  tires  secured.  The  cost 
of  all  this  was  charged  to  operation.  Allowance  for  extra 
tires  on  hand  would  reduce  the  cost  per  ton-mile  approxi- 
mately Sj  ct..  leaving  a  net  cost  of  about  25  ct.  With  loads 
on  the  return  trip  this  cost  per  ton-mile  would  be  lowered 
at  least  40  per  cent. 

MOTOR  TRUCK  OPERATIXG  DATA. 

Total  distance  traveled  by  trucks 23,000  miles 

Total  work  done  by  trucks 42,700  ton-miles 

Average  distance  covered  per  gallon  of  gasoline.  4.5  miles 
Average  distance  covered   per  gallons   of  lubri- 

eating   oil 128  miles 

Average  speed,  loaded 7  miles  per  hour 

Average  speed,  light 7.8  miles  per  hour 

DETAILS  OF  CCST. 

Per  truck-  Per 
„,                                                                                             mile.            ton-mile. 

M-ages  of   drivers $0.1141  $0.0614 

Wages   of   helpers 0.0123  O.0067 

Repairs,  labor  0.0253  0.0136 

Repairs,    lost    time 0.n06S  0.0037 

Oils,  grease  and  waste 0.0165  0.0089 

Gasoline    0.0700  0.0377 

Tires   0.1063  0.0573 

Aew   parts 0.0224  0.0121 

Miscellaneous  supplies    0.0152  0.0OR2 

Incidental  expense   0.0098  0.0053 

Depreciation    0  0781  0.0421 

Total     $0.4770  $0.2570 

The  advantage  of  the  motor  truck  over  the  team  and 
wagon  are  many — increased  speed,  ability  to  work  24 
hours  per  day  when  necessary,  and  lower  cost  on  long 
hauls — but  its  adoption  by  the  mining  industry  has  been 
slow.  Where  trucks  are  used  a^-ound  mines  they  are 
usually  driven  by  cheap,  inexperienced  men,  the  upkeep 
and  repairs  being  turned  over  to  the  regular  mine  me- 
chanics. It  would  be  equally  good  practice  to  employ  a 
timber  framer  to  make  a  dining-room  table.  Just  as  the 
niceties  of  cabinet  making  are  unknown  to  the  timber 
framer,  the  exact  adjustments  and  fine  workmanship  of  the 
high-speed  engine  and  transmission  gears  of  a  motor  truck 
are  beyond  the  ken  of  the  mine  machanic,  one  of  the  least 


skilled  of  his  class.  If  there  are  enough  motor  vehicles  at 
the  mine,  the  master  mechanic  probably  turns  the  work 
over  to  one  or  two  men  who,  in  time,  become  indifferent 
auto-mechanics,  but  in  the  meantime  the  cost  of  mainte- 
nance soars  and  often  trucks  are  condemned.  The  aim  of 
makers  of  all  motor  vehicles  is  to  secure  the  maximum 
of  strength  and  power  with  a  minimum  of  weight  and  size. 
To  do  this,  high-speed  engines,  the  best  of  materials  and 
the  finest  of  workmanship  are  employed  and  parts  are 
reduced  to  the  least  possible  weight  consistent  with 
strength  and  durability.  This  is  just  the  reverse  of  the 
ordinary  American  mechanical  practice  in  which  reliabil- 
ity is  secured  by  slow  speed  and  large  size,  the  amount  of 
material  used  and  the  space  occupied  being  minor  con- 
siderations. It  is,  therefore,  unreasonable  to  expect  the 
mechanic  trained  in  one  school  to  understand  immediately 
and  adapt  himself  to  the  ways  of  the  other.  It  must  also 
be  remembered  that  no  other  machine  is  given  the  hard 
use  and  necessary  abuse  that  a  motor  truck  receives.  The 
road  vibration,  alone,  will  loosen  nuts  and  rivets  which,  if 
not  attended  to  in  time,  will  cause  serious  trouble.  Where 
only  one  or  two  trucks  are  used,  the  drivers  should  be 
competent  mechanics  and  should  be  held  responsible  for 
the  maintenance  of  their  machines.  Where  several  are 
used,  they  should  be  under  the  direct  supervision  of  a 
thorough  truck  mechanic  who  is  held  responsible  for 
operation  and  given  entire  control  of  the  drivers  and 
repair  work.  His  constant  care  will  detect  and  remedy 
many  incipient  defects  and  prevent  expensive  and  annoy- 
ing breakdowns.  With  the  exception  of  the  time  required 
for  periodic  overhauling,  he  should  be  able  to  keep  the 
trucks  in  almost  continuous  service.  This  will  make  pos- 
sible the  employment  of  cheaper  drivers  without  undue 
damage  being  done  to  the  machines. 

Motor  trucks  should  not  be  installed  without  careful 
consideration  of  the  roads  to  be  traveled.  The  difference 
between  the  cost  of  motor  truck  and  team  hauling  is 
largely  controlled  by  the  quality  of  the  road,  and  on  really 
bad  roads  the  motor  truck  is  decidedly  the  more  expensive. 
Many  roads  are  fatal  to  truck  haulage,  and  considerable 
experience  is  required  to  decide  this  question  without  an 
actual  test  of  some  duration.  Excessive  grades  are  to  be 
avoided,  especially  long  ones.  The  ordinarj'  truck  will  pull 
over  a  short  20  per  cent  grade  with  ease,  but  will  give 
great  trouble  on  a  long  one  of  half  that  rise  unless  special 
cooling  arrangements  are  made.  Grades  greatly  increase 
the  tire  and  gasoline  consumption  and  decrease  the  life  of 
the  machine.  Rocky  roads,  particularly  when  the  rocks  are 
sharp  or  loose,  are  very  hard  on  tires.  Deep  sand  is 
difficult  to  cross,  and  for  this  class  or  road  the  caterpillar 
tractor  and  the  four-wheel-drive  truck  have  distinct  ad- 
vantages. Trucks  which  drive  on  the  rear  wheels  only 
cannot  operate  in  heavy  sand.  Narrow  or  rutted  roads 
are  objectionable  for  the  larger-sized  trucks  because  they 
throw  all  the  weight  on  one  of  the  rear  dual  tires  from 
time  to  time,  and  this  overloading  is  injurious  to  the 
rubber.  Fairly  deep  streams  can  be  crossed,  but  mud  is  an 
absolute  barrier  except  to  the  caterpillar  type  of  tractor. 
Few  dirt  roads  will  stand  up  under  a  7-ton  truck,  but  those 
of  4  tons,  or  under,  do  less  damage  than  the  ordinary 
freight  wagon. 

Unfortunately,  trucks  are  not  designed  to  suit  mining 
conditions.  At  Shultz  we  found  it  necessary  to  cut  down 
the  gear  ratio,  increase  the  size  of  wheels  and  tires  and 
add  bumper  or  auxiliary  springs.  Had  the  grades  been 
steeper  it  would  have  been  necessary  to  increase  the  cool- 
ing capacity. 

For  long  hauls  the  motor  tractor  will  probably  replace 
the  motor  truck.  It  will  operate  at  a  lower  cost  because 
the  load  will  be  carried  on  iron  tires,  and,  as  the  table 
of  detailed  costs  shows,  the  rubber  tires  account  for  22.3 
per  cent  of  the  total.  Tractors  travel  more  slowly  than 
motor  trucks,  but  the  tonnage  hauled  in  a  trip  is  much 
greater.  They  are  also  easier  on  roads,  as  the  load  is  dis- 
tributed over  several  trailers.  By  using  extra  trailers, 
loading  and  unloading  can  be  done  while  the  tractor  is  on 
the  road. 
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The  make  of  a  truck  is  not  as  important  as  the  care  it 
receives.  Almost  any  standard  make  will  do  good  work 
if  given  careful  attention,  but  none  will  be  satisfactory  if 
not  well  cared  for.  Economy  should  not  be  sought  in  the 
lubricants  used;  the  best  oil  is  none  too  good  for  a  motor 
truck.  Overloading  should  be  scrupulously  avoided.  A 
truck  may  be  made  to  carry  many  times  its  rated  load 
without  breaking  down  but  the  damage  is  none  the  less 
real  because  not  immediately  apparent.  High  speed,  par- 
ticularly if  the  road  is  rough,  should  be  avoided,  since  it 
subjects  the  machine  to  excessive  strains  and  vibration. 
Most  trucks  are  now  equipped  with  speed  governors,  but 
these  are  easily  tampered  with  and  must  be  carefully 
watched.  When  they  are  not  used,  the  drivers  should  be 
carefully  instructed  as  to  the  speed  limits  and  compelled 
to  respect  them. 

Distillate  and  "tops"  are  now  successfully  used  on 
trucks,  by  the  application  of  a  special  carburetor.  Their 
use  should  effect  a  material  saving  in  the  gasoline  cost 
which  now  amounts  to  almost  15  per  cent  of  the  total. 
"Tops"  usually  sell  for  30  to  35  per  cent  and  distillate  for 
50  to  60  per  cent  of  the  price  of  gasoline.  With  a  properly 
designed  carburetor,  the  available  power  in  the  lower 
grade  fuel  will  be  about  the  same  as  in  the  gasoline, 
but  the  carbon  deposition  will  probably  be  somewhat 
greater. 


A    TRACTOR    AND    SEMI-TRAILER    CONTRACT- 
ORS' HAULING  OUTFIT. 

The  illustration  shows  a  tractor  and  trailer  combina- 
tion for  contractors'  hauling  which  has  a  number  of 
special  features.  The  trailer  carries  the  load,  about  70 
per  cent  of  the  weight  of  which  is  on  the  rear  steel- 
tired  wheels  and  the  tractor  pulls  the  load.  The  trailer 
shown  has  a  120-cu.  ft.  dump  body,  but  any  special  form 
of  body  required  by  the  character  of  the  load  can  be 
used.  The  trailer  is  quickly  coupled  and  uncoupled  and 
it  is  common  practice  to  use  three  trailers  with  one 
tractor,  one  being  loaded,  one  being  hauled  and  one  at 
destination  being   unloaded.     Any  other  of  several  sim- 


Tractor   and    Semi-Trailer   Contractors'    Hauling   Outfit. 

ilar  combinations  of  trailer  and  more  than  one  trailer 
can  be  effected  to  suit  the  conditions.  With  the  com- 
bination as  shown  by  the  illustration  a  turn  can  be 
made  without  backing  in  a  31-ft.  circle  and  by  backing 
the  train  can  be  turned  in  a  20-ft.  street.  The  wheel 
base  of  the  tractor  is  only  80  in.,  and  that  of  the  trailer 
is  11  ft.  SVo  in. ,  Jn  addition  to  its  short  wheel  base  the 
tractor  has  the  feature  of  an  independent  spring  sup- 
ported from  plant  sub-frame.  None  of  the  load  comes  on 
the  springs  of  this  sub-frame,  but  on  the  heavy  springs 
of  the  main  frame.  There  are  two  separate  sets  of 
springs,  one  set  adjusted  to  the  light  constant  load  of 
the  power  plant,  gasoline  tank  and  driver's  seat,  and  a 
second  set  for  the  tractor  frame  proper.  The  tractor 
hauling  unit  as  illustrated  has  been  tried  out  for  a  sea- 
son on  actual  contract  work  and  is  marketed  with  full 
assurance  by  the  builders  of  its  efficiency.  The  builders 
are  the  Watson  Wagon  Co.,  Canastota,  N.  Y. 


TIMBER    TRACKWAY    UNITS    FOR    DRAG    LINE 
EXCAVATORS. 

The  illustrations  received  from  levee  building  work 
in  the  vicinity  of  New  Orleans  show  besides  a  native 
of  the  locality  an  e.xcavator  trackway  unit  of  which  any 
contractor,  according  to  D.  W.  O'Bannon,  superintendent, 
D.  B.  Gore  Co.,  should  take  notice.  This  trackway  unit 
is  made  up  as  follows:  Four  6xl2-in  x  20  ft.  timbers 
are  laid  broadside  down  side  by  side  and  bolted  to- 
gether. On  these  is  nailed  a  close  decking  of  2xl2-in. 
cross  planks.  On  the  decking  are  placed  three  6xr2-in.  x 
20-ft.  timbers  as  follows:  Two  outside  timbers  set  later- 
ally flush  with  the  outside  edges  of  the  decking  and  lon- 
gitudinally so  as  to  project  18  in.  at  one  end  and  recede 
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VIEWS    OF    DRAG    LINE    LEVEE    WORK    OF    D.    B.    GORE    CO..    INC., 

NEW    ORLEANS.    LA. 

A   Native  of  the  Country — Drag   Line  Excavator  at  Work — Coupling   Up 

Trackway    Units — Swinging    Forward    a    Trackway    Unit. 

18  in.  at  the  other  end  in  respect  to  the  ends  of  the  deck- 
ing; one  middle  timber  set  midway  between  the  two  out- 
side timbers  with  one  end  projecting  24  in.  and  the  other 
end  receding  24  in.  The  three  top  timbers  are  bolted 
through  to  the  lower  timbers,  binding  the  whole  platform 
into  a  rigid  unit.  By-  means  of  the  end  construction 
described,  it  will  be  seen,  the  first  end  of  one  unit  inter- 
locks with  the  rear  end  of  the  succeeding  unit  to  make 
a  continuous  trackway.  By  means  of  the  spans  between 
the  top  timbers  "cutting"  of  the  rollers  on  which  the 
excavator  rides  the  trackway  is  facilitated.  A  set  of  ring 
bolts  in  each  unit  permits  the  unit  to  be  lifted  and  swung 
ahead  by  the  excavator  boom.  In  the  work  illustrated 
eight  units  were  employed.  The  machine  was  a  Class 
20  Bucyrus  drag  line  weighing  about  100  tons;  for 
heavier  machines  Mr.  O'Bannon  states  that  the  units 
should  be  made  wider.  He  also  says  that  in  the  work 
illustrated  the  trackway  never  sunk  to  exceed  4  in.  under 
load.     The  moving  of  a   unit  ahead  and  coupling  it  up 
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was  done  by  the  machine  and  four  men  in  8  to  10  min- 
utes. 


HAMMER  DRILL  RECORDS  AT  THE   FRANKLIN 
MINES,  NEW  JERSEY. 

The  compressed-air  rock  drill  made  revolutionary 
changes  in  mining  methods  and  in  the  reduction  of  mining 
costs  in  units  of  labor  per  ton  of  ore,  and  at  Franklin 
even  more  marked  savings  have  been  made  through  the 
development  of  hammer  drills.  There,  in  the  days  of 
hand  drilling,  a  total  of  8  ft.  in  three  drill  holes  with 
varying  diameters  of  l'\i  to  1^4  in.  was  considered  a  fair 
10-hour  shift's  work,  and  possibly  8  tons  of  ore  would 
be  broken  per  drill-shift  or  4  tons  per  man-shift.  With 
3-in.  reciprocating  rock  drills  from  20  to  40  ft.  of  drill 
holes,  ranging  in  diameter  from  2^2  to  IV2  in.,  would  be 
the  average  work  for  a  10-hour  shift,  although  on  rare 
occasions  some  men  might  drill  as  much  as  80  or  90  ft.  of 
holes  in  a  shift,  and  possibly  20  tons  of  ore  would  be 
broken  per  shift,  or  10  tons  per  man-shift,  since  two  men 
were  needed  on  a  drill.  It  seems  that  as  a  rule  a  greater 
tonnage  per  foot  of  hole  was  obtained  with  hand  drilling 
because  of  the  fact  that,  rather  than  dismount  and  reset 
heavy  drill  columns,  machine  men  would  tend  to  place  as 
many  holes  as  possible  from  one  set-up,  therefore  many 
holes  were  placed  disadvantageously  for  breaking  effi- 
ciency. Another  cause,  which  would  contribute  to  the 
same  results,  would  be  the  difficulty  of  starting  holes  with 
piston  drills  on  uneven  sloping  faces,  so  that  holes  were 
frequently  deflected  from  the  direction  in  which  they  were 
supposed  to  be  placed.  These  figures  would  lead  to  the 
rough  estimate  that  2^2  times  as  much  tonnage  per  drill- 
ing man-shift  was  accomplished  by  piston  drills  as  by 
hand  drilling. 

With  hammer  drills  80  to  100  ft.  of  1^^  to  lii-in.  drill 
holes  are  placed  by  one  man  in  a  10-hour  shift,  about  150 
to  200  tons  of  ore  will  be  broken  per  drill-shift  and  the 
same  amount  per  drilling  man-shift,  or  15  to  20  times  the 
amount  broken  per  man  with  reciprocating  drills.  Of 
course,  the  entire  credit  for  such  increase  in  tonnage  can- 
not be  given  to  the  type  of  drill,  for  improved  organiza- 
tion, system  of  working,  and  supervision  have  undoubt- 
edly played  an  important  part;  but  the  greater  mobility 
and  flexibility  of  the  light  hammer  drills  have  permitted 
and  encouraged  a  more  efficient  placing  of  drill  holes; 
have  cut  in  half  the  labor  necessary  to  run  a  drill;  and 
permitted  a  more  effective  supervision  and  mining  scheme. 

Drifting. — There  have  been  no  radical  changes  in  the 
placing  of  the  drill  holes  in  drifts  since  the  adoption  of 
the  air-feed  hammer  drill  for  this  work,  but  one  man  with 
a  single  machine  is  now  placed  in  a  heading;  he  is  in- 
structed to  "pull"  a  "round"  each  8-hour  shift,  stopping 
overtime  if  necessary,  and  to  accomplish  an  advance  of 
3I2  to  4  ft.  per  round.  Two  men  operating  a  reciprocat- 
ing rock  drill  formerly  made  an  advance  of  a  5  to  6-ft. 
round  in  five  10-hour  shifts.  So  the  drilling  labor  (run- 
ners and  helpers)  per  foot  of  advance  averages  18.4  hours 
for  the  entire  mine  during  the  year  1910,  when  recipro-' 
eating  rock  drills  were  solely  in  use.  As  shown  by  the 
average  for  1913,  hammer  drills  have  reduced  this  figure 
to  5.3  hours  per  foot  of  advance,  or  about  one-third  the 
former  labor  of  drilling  and  blasting.  The  explosive 
costs  have  also  been  reduced  by  the  use  of  hammer  drills 
from  the  figure  of  $1.84  per  foot  of  drift  during  1910  to 
$1.40  per  foot  in  1913,  for  two  probable  reasons. 

First,  hammer  drills  permit  the  placing  of  drill  holes 
smaller  in  diameter  than  those  bored  bj^  reciprocating 
drills,  so  that  an  unnecessary  amount  of  explosive  is  not 
required  merely  to  fill  the  holes  sufficiently  to  distribute 
the  force  of  the  explosion. 

Second,  the  flexibility  and  ease  of  rigging  the  light 
hammer  drills  permit  and  encourage  a  more  efficient  plac- 
ing of  drill  holes.  The  almost  exclusive  use  of  1  by  8-in. 
explosive  cartridges  now,  as  contrasted  with  the  I'.s  by  8- 
in.  cartridges  formerly  used,  demonstrates  the  first  con- 

•Extiacts  from  3  paper  befure  the  Institute  of  Mining  Engineers, 
by  B.  F.  Tillson.  Franlilin  Furnice,  X.  J. 
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tention,  for  in  terms  of  1-in.  powder,  the  equivalent  of 
36.8  sticks  per  foot  of  drift  was  used  in  1910,  and  34.6 
sticks  per  foot  in  1913.  The  drill  shifts  per  foot  of  ad- 
vance have  been  lowered  from  0.74  in  1910  to  0.33  in  1913, 
and  the  corresponding  drill  hours  from  7.4  to  3.0. 

The  different  drifts  may  vary  in  size  from  6  by  7  ft.  to 
8  by  11  ft.  in  section,  and  perhaps  7  by  8  ft.  is  an  aver- 
age section.  Because  of  the  compact,  tough  nature  of  the 
ground,  it  requires  from  20  to  30  drill  holes  in  a  round, 
and  24  would  be  a  fair  average,  so  the  drilling  operation 
is  an  important  factor  of  the  drifting  costs.  The  follow- 
ing comparison  of  the  average  drifting  costs  for  each  year 
shows  the  saving  which  has  been  possible  because  of  ham- 
mer drills;  but  only  the  cost  of  drilling  labor  and  explo- 
sives is  considered.  The  record  drift  in  1913  was  driven 
for  $2.06  per  foot. 

lillO.  l!ill.  19ia.  1913. 

Uniting  fosl  i)er  fool $S.;;:i  $4.;)2  $3.35  $2.70 

Raising. — In  1908,  using  2V4-in.  piston  reciprocating 
rock  drills,  0.7  ft.  of  6  by  6  ft.  raise  per  10-hour  drill  shift 
was  made  with  a  labor  expense  of  28.5  man-hours  per  foot 
of  raise.  About  27  ft.  of  drill  holes  were  placed  per  shift, 
24  holes  were  placed  in  a  round,  and  16  lb.  of  explosives 
were  used  per  foot  of  raise  advance,  at  a  cost  of  $2.70  per 
foot  for  supplies.  Since  labor  was  then  paid  $2  and  $1.55 
per  10-hour  shift,  the  total  cost  of  raising  was  approxi- 
mately $7.50  per  foot  of  advance. 

During  the  same  year,  1908,  hammer  drills  were  intro- 
duced, and  an  advance  of  about  1.5  ft.  per  drill-shift  was 
made  with  a  labor  expense  of  13.3  man-hours  per  foot  of 
advance.  About  50  ft.  of  drill  holes  were  placed  per  shift, 
24  holes  per  5-ft.  round,  and  10  lb.  of  explosives  were  used 
per  foot  of  advance,  at  a  cost  of  $1.75  per  foot  for  supplies 
and  a  total  cost  of  $4.10  per  foot  of  raise,  or  only  55  per 
cent  of  the  cost  with  the  reciprocating  rock  drills. 

The  development  of  hammer  drills  with  increased  drill- 
ing speed  permitted  the  reduction  of  the  drilling  labor  to 
7.8  hours  per  foot  of  raise  advance,  and  the  explosives 
cost  to  $1.54  per  foot  of  raising  done  in  the  year  1910; 
and  a  further  reduction  of  4.8  hours  of  drilling  labor  dur- 
ing 1912,  and  an  explosive  cost  of  $0.93  per  foot,  although 
the  wages  were  $2.20  and  $1.70  per  10-hour  shift.  These 
costs  rose  slightly  in  1913,  since  wages  rose  to  $2.25  and 
$1.85  for  10-hour  shifts,  and  in  July  of  the  same  year  the 
working  hours  were  lessened  from  10  to  8  and  the  hourly 
wage  was  increased  to  $0,281  and  $0,231.  However,  the 
cost  per  foot  was  then  only  5.2  hours  of  drilling  labor 
and  $1.03  per  foot  for  explosives.  Amout  18  drill  holes  are 
now  placed  to  pull  a  5-ft.  round  and  two  men  are  expected 
to  blast  a  round  each  8-hour  shift  and  are  each  paid  11 
hours'  time  for  performing  the  task. 

The  average  raising  costs  for  operating  labor  and  ex- 
plosives have  been  as  follows: 


1910. 


1911. 
$2.31 


1912. 
$1.88 


1913. 
$2.22 


Raising  cost  per  foot $2.95 

The  record  short  raise  (of  about  50  ft.  in  length)  for 
1913  had  a  cost  of  $1.65  per  foot,  and  the  record  long  raise 
(about  100  ft.  long)  had  a  cost  of  $2.09  per  foot,  with  ex- 
plosive costs,  respectively,  of  $0.77  and  $0.99  per  foot  of 
raise. 

Sloping. — In  1909,  when  about  74  per  cent  of  those 
drills  placing  holes  in  the  solid  ore  body  were  of  the 
reciprocating  type  of  3-in.  piston  diameter,  the  ore  produc- 
tion averaged  about  20  net  tons  of  ore  broken  from  the 
solid  per  10-hour  drill  shift,  with  an  equivalent  of  1.1 
sticks  of  1  by  8  in.  of  50  per  cent  dynamite  per  ton  of  ore. 

In  1910,  when  about  72  per  cent  of  the  producing  drills 
were  air-feed  stoping  (hammer)  drills,  the  tonnage  per 
drill  shift  rose  to  38  net  tons  with  about  the  same  amount 
of  explosives  (which  cost  $0,055  per  net  ton  of  ore  brok- 
en), and  13.2  tons  were  broken  per  10-hour  shift  of  men 
working  in  .stopes,  or  1.32  tons  per  hour.  Although  there 
is  no  record  of  the  breaking  labor  prior  to  this  year,  the 
fact  remains  that  in  the  actual  running  of  the  drills  only 
one  man  was  used  with  a  hammer  drill  while  two  men 
were  employed  with  each  reciprocating  drill. 

In  1911,  when  the  hammer  drills  were  about  80  per  cent 
of  the  total,  the  stoping  efficiency  profited  by  the  improve- 
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ments  in  the  drilling  speed  of  the  hammer  drills,  and  121 
net  tons  were  broken  from  the  solid  per  drill-shift  with 
about  0.8  stick  of  50  per  cent  1  by  8  in.  dynamite  per  ton 
(at  an  explosive  cost  of  $0,041  per  ton),  and  2.03  net  tons 
were  broken  per  man-hour  of  men  working  in  stopes. 

In  1912,  when  about  98  per  cent  of  the  stoping  drills 
were  hammer  drills,  195  net  tons  were  broken  per  drill- 
shift  with  about  0.87  stick  of  50  per  cent  1  by  8  in.  dyna- 
mite per  ton  (at  an  explosive  cost  of  $0,045  per  ton,  and  at 
the  rate  of  2.56  net  tons  per  man-hour  in  the  stopes. 

In  1913,  when  all  the  stoping  drills  were  hammer  drills, 
the  length  of  the  working  shift  was  reduced  from  10  to 
8  hr.  in  the  middle  of  the  year  and  the  tonnage  broken 
per  drill-shift  fell  proportionately  to  170  net  tons,  but 
remained  at  approximately  the  same  hourly  rating  as  for 
the  year  1912.  However,  the  tonnage  broken  per  man-shift 
in  the  stopes  increased  slightly  to  26.7  net  tons  (at  an 
explosive  cost  of  $0,049  per  ton,  with  the  consumption  of 
0.89  stick  of  50  per  cent  1  by  8  in.  dynamite  per  ton.  The 
tonnage  broken  per  man-hour  was  2.97,  which  showed  a 
steady  gain  over  previous  years. 

It  should  be  noted  that  the  explosives  charged  against 
stoping  include  those  used  by  the  trammers  in  blasting 
ore  in  the  chutes,  and  thus  represent  all  the  dynamite 
necessary  to  reduce  the  ore  to  the  proper  size  for  being 
handled  through  chutes  and  in  the  mill. 

Opencut. — In  order  to  provide  broken  rock  for  filling 
material  to  fill  empty  stopes  to  support  the  remaining  ore- 
body,  "mill-holes"  are  developed  in  limestone  country  rock 
at  the  surface.  For  some  years  it  was  the  practice  to  use 
30-ft.  bench-holes  in  the  opencut  for  quarrying  the  rock, 
both  3-in.  and  3y2-in.  reciprocating  rock  drills  being  used. 
It  took  steady  work  for  two  men  to  sink  one  30-ft.  hole  in 
a  10-hr.  shift,  and  their  work  was  hazardous  because  of 
the  inconvenient  localities  where  set-ups  were  made,  and 
because  of  the  clumsy  weight  of  their  machines  and  the 
long,  heavy  drill  steels  which  were  handled.  After  the 
success  of  hammer  drills  in  the  underground  mining 
operations,  they  were  tried  in  the  opencut  work  in  1912. 
Small  holes  were  drilled  to  an  average  depth  of  16  ft., 
and  were  given  lighter  burdens  than  had  previously  been 
the  practice,  for  the  object  was  to  distribute  the  dynamite 
more  evenly  in  the  rock,  as  contrasted  to  churn-drill  or 
mammoth  blasts.  In  the  tough,  crystalline  Franklin  lime- 
stone this  application  of  hammer  drills  to  quarrying  has 
proved  superior  to  the  heavy  or  mammoth  blasts,  for  the 
same  tonnage  can  be  produced  from  a  bench  with  a  saving 
of  labor  and  powder,  since  a  great  amount  of  expensive 
block-holing  is  avoided.  A,  machine  will  drill  about  100 
ft.  of  holes  in  a  shift  with  a  heavy  hammer  drill  and  two 
men  can  drill  only  30  ft.  with  a  rock  drill. 


A  $3,750,000  WATER  SUPPLY  PROJECT. 

The  Rand  Water  Board  of  Johannesburg,  South  Africa, 
is  to  carry  out  a  modified  scheme  for  the  extension  of 
the  water  supply  for  Johannesburg  and  the  outlying,  dis- 
tricts. This  provides  for  the  erection  at  Lindeques  of 
the  barrage  as  originally  designed.  The  barrage  will  be 
composed  of  36  gates,  each  25  ft.  high  and  having  a  span 
of  30  ft.  It  will  impound  altogether  13,633,000,000  gal., 
of  which  the  board  will  be  at  liberty  to  abstract  annually 
7,300.000,000  gal.,  or  20,000,000  gal.  per  day.  The  esti- 
mated cost  of  the  whole  scheme  is  $3,751,308,  but  this  in- 
cludes pipes  to  the  present  value  of  about  $63,265  now  in 
stock,  which,  deducted  from  the  first  figures,  reduces  the 
actual  amount  of  cash  required  to  complete  the  scheme 
to  approximately  $3,688,043.  Of  that  amount  about  $204,- 
393  has  already  been  expended  on  preliminary  surveys, 
the  collection  of  data,  legal  and  parliamentary  expenses, 
the  erection  of  weirs,  and  other  minor  works  classified 
under  the  head  of  preliminary  expenses.  The  chief  engi- 
neer estimates  that  the  whole  scheme  can  be  completed, 
and  water  from  it  brought  into  service,  in  three  years  from 
the  date  on  which  the  construction  work  is  actually  com- 
menced. 

The  following  is  a  summary  of  the  estimates  prepared 


by  the  chief  engineer,  showing  the  cost  of  the  scheme 
under  certain  main  headings,  but  exclusive  of  interest  on 
cost  during  construction : 

Barrage,    measuring  weirs,   etc $1,124,400 

River    pumping   saticn,    Vereeniging.    including   intalie 43,798 

Main    pumping-    station,    Vereeniging 291.990 

Quarters    tor    men,    Vereeniging 29.199 

Sundry    station    buildings,    Vereeniging 19,46§ 

Precipitation   tanks,    tilter.s,   and   .sterllinzing  plant 267,657 

Service    reservoirs    and    basin 194,660 

Liaying    out    ground,    boundary    walls,    etc 19,466 

Railway   sidinf,    Vereeniging    . .  .• 7,300 

Pipe  lines   .'■ 1,085,775 

Extensions  and  ne'v  plant  at  Zwartkopjes  station 158,161 

Telephone   lines    19,466 

Land,    wayleaves    and    legal    expenses 224,054 

Kxpenditures  '  and    preliminary    expenses 204,393 


NEWS  LETTERS. 

St.    Louis   Items. 

The  L.  J.  Smith  Construction  Co..  1116  Commerce  building,  Kansas 
City,  JIo.,  has  a  few  miles  of  nice  team  worli  on  the  Missouri,  Kansas 
&  Texas  R.  R.  to  sublet.  Free  transportation  for  outfits  and  labor  over 
ihe  Katy  R.  K.,  north  of  the  Texas  line. 

City  Clerii  G.  H.  Beinelie  of  Belleville,  111.,  received  a  letter  from 
officials  of  the  I^ouisville  &  Nashville  Railroad  stating  a  modern  brick 
station  will  be  elected  in  Belleville.  William  Savage,  Belleville's  agents 
said  he  undei-stood  plans  have  been  drawn.  The  City  Council  recently 
passed  an  ordinance  condemning  the  present  station  as  unfit  for  hu- 
man use. 

J.  I.  Gedmey  of  East  St.  Louis  has  been  awarded  the  contract  to 
build  the  new  school  house  at  Woodriver,  111.     His  bid  was  $18,248. 

Contracts  for  wcrlt  on  state  aid  roads  in  St.  Clair  County  will  be 
let  by  the  Illinois  State  Highway  Commission  at  Springfield,  August 
23.  County  Superintendent  of  Highways  D.  O.  Thomas  at  Belleville 
announced  last  week. 

The  Fred  M.  Crane  Company  of  Omaha,  Neb.,  were  low  bidders  on 
the  big  levee  job  across  the  river  here  on  July  25.  Up  to  the  present 
writing  v.  ork  has  not  been  awarded. 

An  ordinance  providing  for  the  construction  of  a  sewerage  system 
in  the  Winstanley  district  was  passed  last  week  by  the  East  St.  Louis 
City  Council.  Property  owners  have  urged  the  building  of  the  sewer 
for  several  years.  It  will  cost  approximately  $430,000.  The  council 
unanimously  passed  an  ordinance  calling  for  the  repaving  of  Missouri 
avenue  from  the  Relay  Depot  east  to  Tenth  street.  Several  streets 
are  in  a  deplorable  condition.  It  is  thought  they  may  be  repaired 
with  a  new  paving  process  successfully  used  in  Jacksonville,  111.  Mayor 
Moll.-nan  and  a  party  of  city  ofBcials  will  go  to  Jacksonville  to  inspect 
the  streets  on  which  the  substitute  has  been  used. 

C.  M.  Erganbright.  Jr.,  Judsonia,  .\rk.,  has  150.000  yards  of  work 
on  the  Little  Red  River  to  sublet.  Work  to  be  completed  within  four 
months. 

Ralph  P.  Taylor,  Texarkana,  Ark.,  can  use  a  few  team  outfits  on 
county  road  work  in  that  neighborhood. 

Sheahan  Bros,  have  sublet  35,000  yards  of  Chicago  &  Eastern  Illi- 
nois R.  R.  work  to  J.  G.  Berger  of  Fort  Branch,  Ind.  Mr.  Berger  is 
moving  a  28-team  outfit  on  to  this  job. 

C.  C.  Aderholdt  has  80,000  yards  of  levee  enlargement  work  near 
Linda  Landing,  Mo.,  to  sublet.  Address  him  care  of  Kaiserhof  Hotel, 
Denver,  Colo.,  or  J.  F.  Maloney,  6310  Olive  street  road. 

Contractors  wanting  work  for  their  outfits  get  in  touch  with  Koe- 
nig's  Labor  Agency.  612  Walnut  street,  St.  Louis,  Mo.,  or  503  Delaware 
street,  Kansas  City,  Mo. 

S.  D.  Tripp  has  moved  his  outfit  onto  a  part  of  the  L.  J.  Smith 
Construction  Co.'s  vi-ork  on  the  Missouri.  Kansas  &  Texas  R.  R.  in 
Oklahoma. 

W.  E.  Callahan  Construction  Co.  of  Omaha  are  moving  one  of  their 
drag  lines  on  the  Alton  Southern  R.  R.  near  East  St.  Louis.  They 
have  ten  acres  of  clearing  on  this  job  that  they  want  to  sublet, 
"mil  pav  $75  per  acre  for  it.  This  company  also  secured  nineteen  miles 
of  line  changing  on  the  EVansville  &  Indiana  R.  R.  near  Terre  Haute. 
Ind.  Have  60.000  yards  of  team  work  and  6.000  yards  of  side  hill 
rock  work  to  sublet  on  this  job. 

P.  J.  Murphv,  the  popular  Wabash  contractor,  was  mairied  to  Miss 
Julia  Holland  the  other  day.  Mr.  and  Mrs.  Murphy  are  spending 
their  honeymoon  in  Chicago.  The  boys  at  Moberly  are  anxiously 
awaiting  their  return. 

M.  D.  Murphy,  a  brother  of  P.  ,T..  returned  from  Sparta.  111.,  where 
his  daughter  has  been  quite  ill  with  typhoid  fever.  At  the  present 
time  Mr.  Murphy  is  at  work  on  the  Wabash  R.  R.  at  Carrollton,  Mo. 

A.    B.    KOENIG. 


PERSONALS. 

A.  M.  Valze.  head  of  the  A.  M.  Valze  &  Son,  railroad  contractors, 
died  July  22,  at  Baltimore.  Md. 

Charles  D.  Sneed,  bridge  engineer  for  the  Virginia  Highway  Com- 
mission, has  been  appointed  bridge  engineer  of  the  Road  Commission 
of  Kentucky. 

D.  T.  Swatv  has  been  made  vice-president  of  the  Cleveland  Engi- 
neering Construction  Co.,  of  Cleveland,  O.  Mr.  Swaty  formerly  was 
construction  engineer  of  the  Great  Lakes  Dredge  &  Dock  Co. 

Joseph  E.  Love  has  resigned  as  engineer  for  the  South  Dakota 
Railroad  Commission  and  is  now  connected  with  the  engineering  de- 
partment of  the  Chicago  Union  Station  Company,  Chicago,  111. 

J.  C.  "Watts  has  resigned  his  position  as  deputy  city  engineer  of 
Troy,  N.  T.,  to  become  engineer  of  the  Harbor  and  Dock  Commission 
of  that  city.     F.  X.  Bode  succeeds  Mr.  Watts  as  deputy  city  engineer. 

W.  F.  Vale  has  been  appointed  superintendent  of  water  works  for 
the  City  of  Santa  Monica,  Cal.  Previous  to  this  Mr.  Vale  was  chief 
engineer  and  general  superintendent  of  the  Santa  Monica  Water  Co., 
which  is  now  owned  by  the  city. 

L  G.  Wallis,  heretofore  resident  engineer  of  the  Southern  Railway 
at  Spartanburg,  S.  C.  has  been  appointed  engineer  of  construction  for 
the  Jacksonville  Terminal  Co..  Jacksonville.  Fla..  and  will  have  charge 
of  the  erection  of  the  new  union  station  in  that  city. 

Austin  B.  Fletcher,  state  highway  engineer  of  California,  has  been 
granted- a  furlough  of  a  month  and  a  half,  during  which  time  he  wi» 
assist  the  federal  government  in  organizing  the  work  of  the  new  road 
bureau  to  handle  the  $75,000,000  good  roads  appropriation. 

Rov  M.  Green  has  been  appointed  assistant  assessor  of  highway 
engineering  of  the  Agricultural  and  Mechanical  College  of  Texas.  Mr. 
Green  is  a  graduate  of  the  University  of  Nebraska  and  has  recently 
com.pleted  the  graduate  course  in  highway  engineering  at  Columbia 
University.  Since  graduation  he  has  been  employed  as  testing  engi- 
neer and  superintendent  of  paving  construction  with  Clark  E.  Mickey, 
consulting  engineer,  of  Lincoln,  Nebr.  Mr.  Green's  appointment  in- 
creases the  highway  engineering  capacity  of  the  college  to  three  mem- 
bers.    He  will  be  in  charge  of  the  road  laboratory. 
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IS   THERE    ROOM    FOR    A    STRUCTURAL    ENGI- 
NEERING SOCIETY? 

Following  an  editorial  in  our  last  Building  and  Struc- 
tural Monthly  issue,  July  26,  we  have  received  several 
letters  approving  the  suggestion  that  an  American  So- 
ciety of  Structural  Engineers  should  be  organized.  One 
subscriber  asks  how  many  members  may  be  e.xpected  to 
join  such  a  society  at  its  inception  and  to  how  large  a 
membership  it  may  aspire  ten  years  after  its  organiza- 
tion? 

We  believe  it  possible  to  secure  an  initial  membership 
of  500  to  1,000,  and  that  within  ten  years  a  membership 
of  20,000  may  be  obtained,  provided  the  dues  are  not 
high  and  provided  there  are  not  too  many  restrictive 
conditions  as  to  membership.  Within  a  period  of  time 
closely  comparable  to  this  the  National  Electric  Light 
Association  has  attained  a  membership  of  14,000.  That 
society  has  almost  twice  as  many  members  as  the  Amer- 
ican Institute  of  Electrical  Engineers,  although  it  is  a 
great  deal  younger.  Its  transactions  contain  matter  of. 
much  worth,  and  it  has  done  an  inestimable  service  in 
building  up  the  electrical  industry. 

There  is,  we  believe,  a  greater  field  for  the  develop- 
ment of  the  right  sort  of  a  structural  engineering  society 
than  there  was  for  the  development  of  the  National  Elec- 
trict  Light  Association.  Consider  the  fact  that  there  are 
fully  2,000,000  men  engaged  in  the  building  industry,  and 
that  the  vast  majority  of  them  are  working  without  any 
engineering  supervision,  direct  or  indirect.  Consider, 
further,  that  engineering  of  as  high  an  order  is  involved 
in  the  economic  design  and  erection  of  a  building  as  of  a 
bridge.  Then  ask  yourself  whether  or  not  there  is  need 
for  a  society  of  structural  engineers  and  room  for  its 
development. 


HIGHWAY  OVERFLOW  BRIDGE  CONSTRUCTION 
IN  THE  TEXAS  BOTTOMS. 

About  twenty  years  ago,  in  Queensland,  Australian 
engineers  begun  building  frequently  a  type  of  bridge 
involving  a  new  idea  in  the  solution  of  flood  water  prob- 
lems. Instead  of  seeking  above  all  things  clearance  for 
abnormal  flow  by  keeping  the  bridge  high  and  by  multi- 
plying span  openings,  the  structure  was  designed  delib- 
erately, beyond  certain  reasonable  waterway  provisions, 
as  an  obstacle  which  floods  must  overtop  and  pass  as  they 
would  an  overflow  dam.  This  plan  meant  obviously  the 
disuse  of  the  bridge  during  major  floods,  but  under  the 
conditions  such  periodic  interruption  of  traflftc  was  less 
costly  than  was  insurance  against  traffic  interruption  by 
providing  structures  abnormally  high  and  long.  The 
overflow  or  low  level  bridge  became  common  in  Australian 
practice,  and  the  older  bridge  engineers  now  practicing 
will  recall  its  description  and  interested  discussion  before 
the  British  Institution  of  Civil  Engineers  by  Mr.  A.  B. 
Brady,  the  designer  of  important  structures  of  the  type 
including  the  notable  reinforced  concrete  arch  bridge  at 
Maryborough,  Queensland. 

The  overflow  bridge  is  an  extraordinary  design  of 
bridge.  Conditions  have  not  been  common  which  de- 
manded its  construction.  In  America  it  has  been  almost 
unrepresented.  The  reason  does  not  lie  in  lack  of  locali- 
ties where  such  bridges  are  logical  structures.  There  are 
many  such  localities  in  the  miles  of  overflow  bottom  lands 
of  our  Mississippi  valley  and  Gulf  coast  states.     The  rea- 


son has  been  that  until  recently  permanent  bridge  build- 
ing has  been  very  largely  railway  bridge  building  and  the 
first  rule  of  railway  flood  protection  construction  is  to 
build  above  or  beyond  flood  danger.  The  overflow  bridge 
is  almost  inconceivable  as  a  railway  bridge  type.  As  a 
highway  bridge  type  it  is  a  most  logical  structure,  and 
as  a  highway  bridge  type  we  venture  to  prophesy  for  it 
e.xtensive  adoption  as  our  bottom  land  country  roads  are 
improved  and  made  permanent.  That  it  has  not  been 
used  in  the  past  is  because  permanent  highways  and  high- 
way structures  have  been  unconsidered  things  in  this 
overflow  bottom  land  territory. 

An  example  in  substantiation  of  the  argument  that  the 
overflow  bridge  naturally  suggests  itself  as  a  logical  solu- 
tion of  flood  land  conditions  is  presented  on  another  page 
of  this  issue.  This  article  describes  overflow  highway 
bridge  construction  in  McLennan  County,  Texas.  It  is  to 
our  minds  one  of  the  most  suggestive  contributions  on 
highway  bridge  construction  that  has  been  offered  engi- 
neers for  a  long  time.  To  repeat  any  portion  of  this  de- 
scription here  would  be  unfair  to  the  reader;  he  should 
read  the  article  thoroughly.  If  he  does  and  studies  the 
illustrations  carefully  he  will,  we  believe,  support  our 
conviction  that  in  the  overflow  bridge  of  concrete,  flanked 
on  each  approach  by  concrete  armored  roadway,  the  high- 
way engineer  has  a  most  useful  structural  form. 
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THE  U.  S.  CENSUS  OF  THE  BUILDING  TRADES 
AND  ITS  SIGNIFICANCE  TO  STRUC- 
TURAL ENGINEERS. 

Although  the  census  classification  of  the  building 
trades  leaves  a  good  deal  to  be  desired,  it  is  possible  to 
derive  some  very  significant  information  from  the  statis- 
tics for  1910. 

The  number  of  architects  is  16,613  and  the  number  of 
civil  engineers  and  surveyors  is  52,033.  In  the  1910  cen- 
sus no  segregation  of  surveyors  from  engineers *is  made, 
but  in  the  1900  census  a  segregation  was  made,  from 
which  it  may  be  deduced  that  about  12,000  of  the  52,033 
are  surveyors.  How  many  of  the  40,000  civil  engineers 
are  engaged  in  building  designing  is  not  stated. 

There  are  33,314  draftsmen,  but  no  segregation  is  made 
between  architectural  draftsmen  and  engineering  drafts- 
men. 

There  are  174,422  builders  and  building  contractors, 
but  here  again  there  is  no  segregation  between  contrac- 
tors for  buildings  and  contractors  for  engineering  works. 
It  is  probable,  however,  that  not  more  than  25  per  cent  of 
this  number  are  engineering  contractors. 

There  are  7,064  foremen  of  road  and  street  work,  but 
the  number  of  foremen  of  building  w'ork  is  not  given 
separately. 

The  following  are  the  numbers  assigned  to  each  of  the 
classes  of  skilled  workmen  in  the  building  trades: 

r.irpenters    517,120 

Masiins.  brick  and  stone 169,402 

Stoiie   cutters 35,731 

Structural   iron   workers 11,427 

Hoofers  and  slaters 14,078 

Plasterers 47.682 

Painters 273,441 

Paper  hangers 25,577 

Total  skilled  workmen 1.394,458 

In  addition  to  these  there  are  934,909  "laborers  in  build- 
ing and  hand  trades,"  but  no  segregation  is  made  of  those 
in  the  building  trades  only. 

From  the  foregoing  facts  it  may  be  inferred  that  fully 
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2,000,000  men  were  engaged  directly  in  erecting  and  re- 
pairing buildings  in  1910. 

The  number  of  men  classed  as  "structural  iron  work- 
ers" is  strikingly  small,  and  40  per  cent  of  this  11,427 
reside  in  two  cities — New  York  and  Chicago.  New  York 
has  3,355  and  Chicago  has  1,166.  In  contrast  with  this 
is  the  fact  that  only  8  per  cent  of  the  carpenters  and  13 
per  cent  of  the  masons  live  in  those  two  cities. 

The  extensive  use  of  lumber  for  building  is  signifi- 
cantly brought  out  by  the  fact  that  nearly  60  per  cent  of 
the  skilled  workmen  are  carpenters  and  20  per  cent  are 
painters.  Hence  about  80  per  cent  of  all  the  skilled  work- 
men in  the  building  trades  are  engaged  in  framing,  erect- 
ing and  painting  woodwork. 

America  has  evidently  barely  entered  upon  an  era  of 
fireproof  building  construction.  To  structural  engineers 
this  is  a  fact  of  great  import,  for  it  makes  it  evident  that 
an  enormous  undeveloped  field  lies  before  them.  Coinci- 
dent with  the  growth  in  general  wealth  there  is  an  awak- 
ening to  the  fact  that  concrete,  tile,  brick,  stone  and  steel 
can  be  so  used  as  to  produce  fireproof  buildings  almost 
as  cheap  in  first  cost  as  those  made  mostly  of  wood.  But 
even  were  the  first  cost  considerably  greater,  the  larger 
income  of  the  average  American  would  lead  inevitably  to 
the  construction  of  better  buildings  of  all  classes — resi- 
dential as  well  as  industrial  and  commercial. 


CONCRETE  FOR  SALE. 


Concrete  is  the  only  building  material  of  major  volume 
which  is  manufactured  at  the  place  of  construction.  This 
is  true  whether  the  consumption  is  large  or  small.  For 
the  basement  of  a  small  dwelling  and  for  the  walks  that 
lead  to  its  door  concrete  is  manufactured  at  the  place 
used.  The  cement,  the  sand,  the  stone  are  hauled  to  this 
place,  stored  and  rehandled  to  the  mixer  or  mixing  board. 
Mixing  boards  and  tools  or  a  mixer  and  a  mixing  gang 
are  required  for  each  concrete  job,  however  small.  One 
cannot  travel  far  about  any  city  where  building  is  active 
without  being  impressed  by  this  multiplicity  of  concrete 
manufacturing  plants.  Often  two  small  buildings  side  by 
side  are  observed  under  construction  by  different  contrac- 
tors, each  with  his  individual  plant  for  concrete  making. 
There  is  waste  of  effort  in  such  conditions  which  one  is 
bound  to  feel  should  be  eliminated,  but  how  eliminated 
one  is  puzzled  to  decide.  Yet  the  problem  deserves 
thought. 

Not  long  ago  the  editor  paid  a  visit  to  an  industrial 
town  in  process  of  construction.  The  buildings  were 
mostly  of  brick  and  timber,  with  concrete  basements  and 
walks.  Adjacent  to  the  town  limits  on  one  side  was  a 
clay  pit  and  here  the  contractor  had  a  brick  yard  and  was 
making  all  of  the  coarse  bricks  being  used.  In  another 
direction  and  not  much  further  from  the  town  center  was 
a  gravel  pit,  from  which  the  contractor  was  taking  sand 
and  gravel  for  his  mortar  and  concrete.  In  the  town  were 
perhaps  two  score  buildings  in  process  of  construction ; 
there  were  more  buildings  recently  completed  and  others 
"laid  out"  to  be  begun  as  time  went  on.  In  front  of  each 
building  under  construction  was  a  stack  of  brick,  being 
added  to  as  need  arose  by  teams  from  the  brick  yard. 
In  front  of  each  building,  also,  was  a  mixing  board,  or  in 
case  of  buildings  of  size  a  concrete  mixer — two-score  per- 
haps of  small  plants  and  organizations  for  manufacturing 
concrete  and  mortar.  To  the  visitor  contemplating  these 
very  familiar  conditions  the  question  came:  Why  not  at 
the  gravel  pit  make  concrete  and  mortar  as  bricks  >vere 
being  made  at  the  clay  pit  and  haul  this  concrete  and 
mortar  as  the  bricks  were  being  hauled  to  the  places 
where  they  were  needed?  The  contractor's  foreman  had 
no  answer  to  the  query,  and  the  editor  came  back  to  the 
city  and  his  desk  with  the  question  still  urging  him  for 
a  reply. 

Now  the  conditions  in  most  growing  cities  are  closely 
parallel  to  those  in  this  small  town  being  created  anew 
where  just  recently  there  had  been  bare  prairie  land.  On 
buildings,  walks,  sewers,  pavements,  mortar  and  concrete 
are  being  used  somewhere  in  some  amount  on  almost 
every  block.     The  brick  or  tile  or  steel  or  timber  being 
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used  on  these  works  are  ordered  as  wanted  from  the  fac- 
tory or  dealers'  yards.  Why  should  not  concrete  and  mor- 
tar be  similarly  obtainable?  Why  shouldn't  concrete  and 
mortar  be  "for  sale"?  They  never  have  been,  we  know. 
It  would  be  necessary,  we  also  know,  to  educate  users  into 
the  practice  of  buying  them.  This  training  should  not  be 
difficult.  We  have  scant  precedent  for  commercial  pur- 
veying of  concrete,  but  such  as  we  have  encourages  belief 
in  its  possibilities.  At  Baltimore  in  1915  concrete  was 
sold  delivered  by  the  Building  Supplies  Corporation  and 
the  business  was  a  success  in  attracting  customers, 
though  hampered  by  inadequate  finances.  The  technical 
obstacles  to  be  overcome  would  seem  to  forebode  more 
trouble  than  any  others. 

As  construction  operations  prevail  on  most  small  works 
concreting  is  an  intermittent  operation.  Now  concrete 
and  mortar,  unlike  brick  and  I-beams,  must  be  consumed 
as  delivered.  Delivery  cannot  be  intermittent  and  irregu- 
lar in  varying  quantities  and  be  also  economical.  Suc- 
cessful use  of  purchased  concrete,  therefore,  demands  a 
reclassification  or  rescheduling  of  construction  operations 
in  such  manner  that  concreting  becomes  as  nearly  as  may 
be  a  separate  continuous  operation.  There  are  very  few 
constructions  on  which  such  a  rearrangement  is  not  prac- 
ticable. The  next  question  arising  is:  Can  concrete  be 
delivered  without  deterioration  from  a  central  plant  over 
a  wide  enough  area  to  be  commercially  successful?  At 
Baltimore  on  city  work  supplied  with  concrete  by  the 
corporation  previously  named  a  limit  of  30  minutes  was 
set  as  the  maximum  time  between  mixing  and  delivery  of 
the  mixed  concrete.  Motor  truck  speeds  range  from  eight 
to  ten  miles  per  hour  for  two-ton  trucks.  With  a  clear 
road  on  paved  streets  a  motor  truck  can  deliver  v;ithin  a 
radius  of  say  four  miles  in  30  minutes.  Cut  off  50  per 
cent,  due  to  traffic  hindrances,  and  the  circle  within  which 
motor  trucks  can  deliver  concrete  30  minutes  after  mix- 
ing is  four  miles  in  diameter. 

To'  proceed  with  further  analysis  seems  unnecessary. 
The  leading  thought  in  mind  has  been  opened  out  suffi- 
ciently to  make  it  plain.  We  believe  that  careful  study 
of  the  conditions  will  demonstrate  that  Concrete  For  Sale 
is  an  entirely  practicable  accomplishment  in  any  city  of 
size  where  engineering  and  building  construction  is 
active. 


BUILDING   CONTRACTING   AS   A   FIELD   FOR 
ENGINEERS. 

When  a  civil  engineer  considers  entering  the  business 
of  contracting  he  is  apt  to  select  the  building  of  roads, 
sewers,  water  works,  and  other  "public  works."  Prob- 
ably this  is  largely  due  to  the  fact  that  most  "public 
works"  contracts  are  let  to  "the  lowest  responsible  bid- 
der," which  usually  means  to  any  one  who  can  furnish 
the  required  bond.  The  construction  of  most  buildings, 
on  the  other  hand,  is  done  under  private  contract,  and 
the  contractors  are  usually  invited  to  bid.  Such  invita- 
tions naturally  do  not  come  to  builders  who  are 
beginners. 

While  it  may  not  be  so  easy  a  thing  to  get  a  start  as  a 
building  contractor,  we  are  of  the  opinion  that  this  class 
of  contracting  today  offers  excellent  opportunities  for 
civil  engineers  who  have  managerial  ability.  To  begin 
with,  the  risks  involved  in  building  contracting  are 
ordinarily  less  than  those  in  "public  woi-ks,"  and  "public 
utilities"  contracting.  This  is  made  evident  by  the  fact 
that  there  are  more  wealthy  building  contractors  than 
wealthy  public  works  contractors. 

It  is  easy  to  start  building  contracting  on  a  small  scale. 
There  is  a  vast  amount  of  building  work  that  is  sub- 
contracted by  large  general  contractors  to  small  special- 
ists. Hence  the  simplest  way  of  entering  the  field  is  as 
a  subscontractor.  Several  engineers  known  to  us  have 
started  as  builders  by  purchasing  small  steam  shovels 
for  excavating  basements.  Others  have  begun  as  subcon- 
tractors for  building  foundations. 

Already  there  is  a  goodly  number  of  engineers  engaged 
in  erecting  reinforced  concrete  mills  and  factories,  and 
the  number  is  increasing.    But,  attractive  as  that  type  of 
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building  is  to  the  engineering  contractor,  there  is  really 
no  sound  reason  why  engineers  should  not  undertake  the 
erection  of  buildings  of  every  class  and  size. 


"STRUCTURAL  ENGINEERS  WORK  FOR  ARCHI- 
TECTS." 

A  few  months  ago  the  editor  received  a  visit  from  an 
Australian  engineer  in  America  to  study  building  con- 
struction. "I  am  calling  on  Chicago  structural  engineers, 
or  more  properly,  Chicago  architects,"  he  said.  "I  find 
that  all  your  structural  engineers  work  for  architects." 
Now  the  structural  engineers  of  Chicago  do  not  all  work 
for  architects,  but  enough  of  them  are  so  employed  to 
excuse  the  conclusion  by  a  visiting  stranger  that  the 
practice  is  universal.  And  in  this  respect  Chicago  prac- 
tice fairly  represents  practice  in  the  United  States. 
Actually  as  well  as  in  the  opinion  of  the  public,  the  archi- 
tect is  the  principal  in  building  construction  and  the 
engineer  is  the  subordinate.  And  it  counts  little  to  the 
benefit  of  engineering  that  its  practitioners  themselves 
know  that  modern  building  construction  and  design  are 
essentially  engineers'  work. 

Let  us  illustrate  again.  Two  days  before  this  writing 
the  editor  was  conversing  with  a  friend — a  physician  of 
broad  intelligence.  Said  the  physician,  pointing  to  a  new 
tall  building:  "That  is  a  marvelous  structure.  It  is  just 
as  much  a  great  piece  of  engineering  as  is  Brooklyn 
Bridge."  "Very  true,"  said  the  editor,  "who  was  the 
engineer?"  The  answer  was:  "I  haven't  the  slightest 
notion.  Smith-Williams  was  the  architect.  I  suppose  the 
engineer  was  one  of  his  men."  The  editor  knows  who 
Smith-Williams'  engineer  is,  for  it  is  a  part  of  his  duty 
to  know  such  things.  So  do  many  Chicago  architects 
and  engineers  and  building  contractors  know  this  man 
and  esteem  his  professional  work;  it  is  their  business  to 
know.  But  how  many,  whose  occupation  does  not  make 
this  knowledge  essential,  have  it.  The  editor's  physician 
friend  did  not,  yet  he  did  know  that  Smith-Williams  was 
the  architect.  And  there  are  many  others  no  more  con- 
cerned personally  who  have  learned  the  architect's  name 
and  remember  it.  And  moreover  if  any  of  these  men  hap- 
pens in  the  future  to  require  a  building  to  be  designed 
and  constructed  he  will  think  of  Smith-Williams. 

We  therefore  repeat:  It  counts  little  to  the  benefit  of 
engineering  that  its  practitioners  know  that  modern  build- 
ing construction  and  design  are  essentially  the  tasks  of 
the  structural  engineer.  To  count  much  this  knowledge 
must  be  had  by  the  merchant,  the  financier,  the  physician, 
the  lawyer  as  he  now  has  knowledge  of  the  architect. 
These  men  must  know  the  engineer  as  the  principal,  not 
as  one  of  the  architect's  employes,  and  if  they  are  to 
know  the  engineer  in  thi^  way  engineers  must  take  con- 
certed action  to  force  the  knowledge  on  them.  The 
position  of  the  architect  is  fortified  by  precedent,  but  this 
is  not  the  whole  reason  why  he  maintains  it  so  firmly. 
He  has  organized  his  profession  for  concerted  action  to 
a  degree  of  strength  nowhere  approached  by  organizations 
of  engineers.  To  combat  organized  architects,  structural 
engineers  must  organize.  They  must  organize  as  .struc- 
tural engineers.  The  interests  of  an  organization  of  civil 
engineers  in  general  are  too  diversified  to  permit  forceful 
concentration  of  efl'ort  in  promoting  the  interests  of  civil 
engineers  specializing  in  structural  work.  The  intere.sts 
of  restricted  organizations  like  a  society  of  railway  engi- 
neers of  bridges  and  buildings  are  too  limited  and  indi- 
vidual to  promise  forceful  work  by  them.  Engineering 
and  Contracting  proposes  that  an  American  Society  of 
Structural  Engineers  be  organized. 


NINETEEN     ENGINEERING     SOCIETIES,     52,677 

MEMBERS,  TO  BE  HOUSED  IN  ONE 

BUILDING. 

Upon  the  announcement  June  27  that  the  American 
Society  of  Civil  Engineers,  by  a  vote  of  six  to  one,  had 
decided  to  move  into  the  Engineering  Societies'  Building, 
several  engineering  papers  made  the  editorial  statement 
that   this   would    bring    together    about    30,000   members 


of  technical  societies.  As  a  matter  of  fact,  the  number 
is  already  nearly  twice  30,000  and  will  probably  be  60,- 

000  before  the  completion  of  the  three-story  addition  to 
the  building  for  the  accommodation  of  the  civil  engineers 
and  their  library. 

The  following  is  the  membership  of  all  the  societies 
thai  will  occupy  the  building  donated  by  Andrew  Car- 
negie ten  years  ago: 

.XMif-rkMii   .'<ueicty  of  Civil   Knsineeis 8,022 

.Vimiiean   In.stltute  of   lOlcctrical  Engineers 8,308 

American    Institute   of   Mining   Kntjlncers .5,597 

1  he  .Vtnerican  Society  of  Mechanical  Engineers 7  149 

.\eronautlcal    Society    of   America :;oo 

.American  Society  of  Heating  and  Ventilating  Engineers 105 

American    Gas    Institute 1,530 

.Asscciatlon    of  Edison    Illuminating  Companies 73 

-\inerlcan   Institute   of  Aeronautical    Engineers 121 

I'.mpire    «as    and    Electric    .\ssociatlon 115 

IliuminatinK    Engineering    Society 1350 

Municipal  lOngineers  01  the  City  of  New  York 'gOO 

National    Electric    Light    Association 14  000 

National  Association  of  Engine  and  Boat  Manufacturers 175 

New    ^ork    Electrical    Society 705 

Society   for  Electrical    Pcvelopment 1  128 

Society  of  Naval  Architects  and  Marine  Engineers 900 

Society   of  Automobile    Engineers 1,975 

U.    S.    N'aval    Consulting    Board 24 

Total     52.677 

It  will  be  seen  that  no  societies  of  chemical  engineers 
or  chemists  are  as  yet  numbered  in  this  li.st,  nor  are 
any  of  the  societies  of  railway  engineers  and  superin- 
tendents represented. 

Ten  years  ago  we  advocated  the  closer  affiliation  of 
engineering  societies  of  all  kinds,  and  we  were  particu- 
larly urgent  in  advising  the  American  Society  of  Civil 
Engineers  to  take  the  step  that  it  has  ju.st  taken.  Is  not 
the  present  time  propitious  for  organized  effort  to  bring 
all  the  national  engineering  high  standing  societies  to- 
gether under  one  roof?  The  consolidated  technical  li- 
brary would  alone  justify  such  a  step,  but  even  more 
important  would  be  the  impression  produced  on  the  gen- 
eral public  as  a  result  of  housing  in  one  building  tech- 
nical societies  having  a  total  membership  of  approxi- 
mately 100,000  men.  Inclusive  of  chemical  engineers, 
chemists,  architects,  etc.,  such  a  total  will  soon  be 
reached  by  the  combined  national  engineering  societies 
of  America,  exclusive  of  the  society  that  will  ultimately 
outstrip  all  others  in  membership — the  American  So- 
ciety of  Agricultural  Engineers. 


"THE    AFFILIATED  TECHNICAL  SOCIETIES   OF 

ATLANTA"  AND  WHAT  THEIR  EXAMPLE 

TEACHES. 

At  the  recent  convention  of  the  American  Institute 
of  Electrical  Engineers,  Mr.  A.  M.  Schoen,  chairman 
of  the  executive  committee  of  the  Afliliated  Technical 
Societies  of  Atlanta,  indicated  what  has  been  done  to 
bring  engineers  of  all  classes  together  and  make  their 
influence  felt   in  civic   life. 

The  association,  now  three  years  old,  consists  of  the 
local  sections  of  all  the  national  engineering  and  archi- 
tectural societies  and  the  Engineering  Association  of 
the  South.  The  members  of  the  e.xecutive  committee 
elects  its  own  chairman.  Meetings  are  held  quarterly. 
Business  men  address  the  meetings  and  the  topics  of 
discussion  are  such  as  to  arouse  public  interest  in  engi- 
neering matters. 

Four  city  oflicials  of  Atlanta  occupy  positions  requir- 
ing technical  knowledge,  yet  they  are  elected  by  pop- 
ular vote.  The  Affiliated  Societies  have  taken  steps  to 
have  these  four  oflices  filled  by  civil  service  examina- 
tions, the  positions  being  those  of  city  engineer,  super- 
intendent of  water  works,  building  inspector  and  elec- 
trician. 

The  Governor  of  Georgia  has  been  asked  to  appoint 
an  engineer  as  member  of  the  Sanitary  Board  of  the 
state,  and  has  replied  that,  although  he  had  never  be- 
fore thought  about  the  fitness  of  such  an  appointment, 
he  would  gladly  consider  it.  Positions  on  two  city  boards 
have  been  secured  for  two  engineers. 

Mr.  W.  A.  Del  Mar  of  New  York  proposes  a  national 
federation  of  engineers  to  be  called  the  American  In- 
stitute of  Engineers,  the  main  function  of  which  would 
be  to  secure  united  engineering  action  in  public  affairs. 
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We  may  add  that  an  equally  important  function  would 
be  giving  publicty  to  the  achievements  of  engineers  and 
the  teaching  of  the  fact  that  modern  engineering  in- 
volves the  management  as  well  as  the  design  of  engi- 
neering apparatus  and  plants. 

If  there  were  such  an  organization  as  an  American 
Institute  of  Engineers,  its  local  branches  would  corre- 
spond to  the  Affiliated  Technical  Societies  of  Atlanta. 
The  idea  of  Mr.  Del  Mar  is  well  worth  pondering. 


HOW  BURNING  POWDERED  COAL  MAY  DISPEL 
THE   CITY   SMOKE    NUISANCE. 

In  spite  of  ordinances  designed  to  reduce  the  great 
tonnage  of  soot  that  descends  annually  upon  our  cities, 
few  manufacturing  municipalities  can  yet  claim  to  have 
secured  marked  relief  from  the  "smoke  nuisance."  But 
relief  is  apparently  in  sight,  and  from  a  totally  unex- 
pected source.  We  refer  to  the  successful  development 
of  the  process  of  burning  powdered  coal  for  generating 
steum   in  locomotive  and  other  boilers. 

Pulverized  till  85  per  cent  of  it  passes  a  screen  hav- 
ing 200  meshes  to  the  inch,  "soft  coal"  gives  an  almost 
smokeless  flame  when  blowTi  into  a  fire  box  with  air. 
The  quantity  of  air  is  automatically  regulated  by  the 
qu;.ntity  of  powdered  coal,  so  that  careless  firing,  such 
as  is  now  inevitable  with  hand  stoking,  can  not  occur. 

Between  Chicago  and  Milwaukee,  the  Chicago  &  North 
Western  placed  in  service,  a  year  ago,  a  passenger  loco- 
motive equipped  for  burning  pulverized  coal.  It  has 
been  thoroughly  tested  in  active  service,  and  has  dem- 
onstrated a  marked  saving  in  fuel.  According  to  tests 
published  in  the  Railway  Age  Gazette,  this  locomotive 
evaporated  13  per  cent  more  water  per  pound  of  coal 
and  consumed  18  per  cent  less  coal  on  the  runs  between 
Chicago  and  Milwaukee  than  was  required  with  a  simi- 
lar locomotive  fired  with  lump  coal  in  the  ordinary  man- 
ner. Moreover,  a  much  cheaper  grade  of  coal  was  used 
on  the  locomotive  burning  pulverized  coal. 

In  firing  up  the  cold  locomotive,  only  750  lb.  of  pow- 
dered coal  were  required  as  against  1,700  lb.  of  lump 
coal.  But  an  even  greater  point  in  favor  of  powdered 
coal  is  the  ability  to  shut  off  the  fire  entirely  while 
standing  still.  Thus  the  fire  can  be  entirely  shut  off  for 
about  half  an  hour,  yet  in  5  min.  after  it  is  started 
again  the  boiler  is  up  to  full  pressure.  This  saving  in 
fuel  while  standing  idle  makes  powdered  coal  particu- 
larly desirable  for  switching  locomotives. 

The  switching  engines  in  the  freight  yards  of  cities 
and  the  engines  that  are  getting  up  steam  or  standing 
with  banked  fires,  cause  a  very  large  part  of  the  "smoke 
nuisance"  that  has  been  so  greatly  deplored  in  all  large 
cities.  It  would  seem  now  that,  as  far  as  locomotives  are 
concerned,  this  nuisance  need  no  longer  be  tolerated. 
We  go  farther,  and  predict  that  all  large  steam  power 
plants  in  cities  will  eventually  use  powdered  coal,  not 
only  because  it  will  prove  to  be  more  economic,  but  be- 
cause a  smokeless  city  can  be  secured  in  this  way. 


EDITORIAL  COMMENT. 


Another  structural  engineer  has  been  given  an  execu- 
tive position  of  great  importance.  Mr.  George  H.  Blake- 
ley,  M.  Am.  Soc.  C.  E.,  has  been  made  president  of  the 
Bethlehem  Steel  Bridge  Co.,  a  newly  organized  company 
that  is  to  handle  the  structural  work  of  the  Bethlehem 
Steel  Co. 


A  society  of  structural  engineers  is  needed  not  so  much 
to  secure  adequate  discussion  of  the  technicalities  of 
designs  as  to  educate  the  public.  This  education  should 
begin  by  teaching  the  incontestible  fact  that  nine-tenths 
of  the  design  of  fireproof  buildings  is  pure  engineering, 
the  other  tenth  being  architectural  art.  In  short,  it  should 
be  shown  to  the  prospective  employers  of  designers  of 
fireproof  buildings — to  the  building  owners — that  com- 
missions for  designs  should  be  placed  in  the  hands  of 
structural  or  architectural  engineers. 


Many  an  architect  of  the  old  type  has  evolved  into  a 
structural  engineer,  and  as  such  should  not  hesitate  to 
declare  himself.  It  seems  to  us,  however,  that  such  dec- 
larations will  not  come  until  structural  engineers  shall, 
by  organized  publicity,  make  it  universally  recognized 
that  to  be  an  engineer — an  economist — is  more  important 
than  to  be  an  architect — an  artist. 


One  of  the  oldest  iron  bridges  in  America  has  just  been 
removed  to  make  way  for  a  steel  bridge.  We  refer  to  the 
Keokuk  (la.)  and  Hamilton  bridge,  consisting  of  11 
Whipple  truss  spans  placed  in  service  in  1871.  The 
bridge  carried  highway  and  rail  traffic  and  was  operated 
as  a  toll  bridge.  The  old  masonry  piers  were  in  such 
good  condition  the  new  steel  spans  were  placed  upon 
them,  only  slight  changes  being  made. 


The  average  railway  employe  of  British  railways  re- 
ceived $364  a  year  in  1913,  or  about  44  per  cent  as  much 
as  the  average  railway  employe  in  America.  British  loco- 
motive crews  averaged  $412  per  year  per  man,  or  about 
30  per  cent  as  much  as  the  American  average.  The  high- 
est class  enginemen  in  America  average  more  than  $2,000 
a  year,  and  the  highest  class  conductors  average  nearly 
$1,800  a  year.  Well  may  American  trainmen  be  called 
the  "aristocrats  of  labor." 


Building  permits  for  the  first  seven  months  of  1916 
totaled  nearly  $610,000,000,  which  is  an  increase  of  29.4 
per  cent  over  the  corresponding  period  of  1915.  If  this 
rate  is  kept  up  during  the  rest  of  1916  more  than  a  billion 
dollars  worth  of  building  permits  will  have  been  issued 
during  1916  by  the  cities  of  America.  General  prosperity 
is  indicated  by  this  enormous  total  of  building  construc- 
tion. 

Why  do  not  more  architects  and  engineers  form  part- 
nerships? Perhaps  the  answer  is  partly  to  be  found  in 
state  laws  that  prevent  engineers  from  being  "registered 
architects."  Structural  engineers  in  particular  should 
organize  to  effect  changes  in  such  laws. 


COMMENT    ON    A    SOCIETY    OF    STRUCTURAL 
ENGINEERS. 

To  the  Editors:  We  are  very  much  interested  in  your 
article  in  the  July  26  issue  of  Engineering  and  Contract- 
ing. We  certainly  believe  that  the  need  for  such  an 
organization  exists,  and  we  will  be  more  than  glad  to  give 
the  movement  every  support  within  our  power. 
Very  truly, 

The  General  Fireproofing  Co., 
W.  B.  Turney,  Advertising  Manager. 

Youngstown,  0.,  July  29,  1916. 

To  the  Editors:  I  note  your  article  on  The  Possibili- 
ties of  a  New  Society  of  Structural  Engineers,  and  will 
say  that  I  am  very  much  interested  in  this  and  will  be 
glad  to  hear  further  concerning  it. 

Yours  very  truly, 
Des  Moines  Bridge  &  Iron  Works, 
By  F.  H.  Marsh,  C.  E., 
Sales  Manager  Structural  Department. 
Des  Moines  Bridge  &  Iron  Works. 
Des  Moines,  la.,  July' 27.  1916. 

To  the  Editors :  I  have  read  with  a  great  deal  of  inter- 
est editorial  which  deals  with  the  suggestion  of  a  pro- 
posed American  Society  of  Structural  Engineers.  The 
reasons  outlined  in  the  editorial  referred  to  for  the  ex- 
istence of  a  society  of  structural  engineers  cannot  be 
denied,  nor  can  they  be  criticised  from  any  point  of  view. 
This  is  very  distinctly  an  age  of  specializing,  and  this 
applies  to  the  professions  as  well  as  to  other  natures  of 
business.  The  modern  and  adequate  building  of  today 
is  an  engineering  problem,  its  success  or  failure  depend- 
ing almost  entirely  upon  the  excellency  of  the  engineer's 
judgment  in  the  mechanical  equipment  of  the  structure. 
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as  well  as  the  general  layout  of  structural  members  in 
order  to  provide  the  best  possible  conditions  for  the  pur- 
poses to  which  the  building  is  to  be  put. 

The  foundation  of  a  society  of  structural  engineers  is 
a  step  in  the  right  direction,  and  will  be  conducive  to 
exchange  of  thought  and  ideas  among  engineers  who  spe- 
cialize upon  structural  propositions,  all  of  which  will 
result  in  a  wider  knowledge  of  the  many  vital  principles 
which  enter  into  the  structural  design  of  the  present 
modern  building. 

Yours  very  truly, 

Virgil  G.  Marani, 

Consulting  Engineer, 

Am.  Soc.  C.  E. 
Chicago,  111.,  Aug.  3,  1916. 


To  the  Editors:  After  reading  the  proposed  editorial 
which  is  to  appear  in  the  Building  and  Structural  issue  of 
your  magazine,  the  writer  being  a  bridge  and  building 
erector  of  25  years'  experience  in  the  construction  of 
some  of  the  largest  bridges  and  buildings  in  the  country, 
has  the  following  to  say: 

Having  come  in  contact  with  prominent  architects  in 
different  parts  of  the  country  while  erecting  large  struc- 
tures and  buildings,  both  manufacturing  and  office  build- 
ings, the  writer  has  found  that  architects  absolutely  de- 
pend, as  a  rule,  on  the  skill  of  their  structural  engineers 
in  relation  to  the  stability  and  utility  of  the  building;  that 
when  it  came  to  the  changes  of  any  kind  from  the  origi- 
nal drawings  it  is  usually  the  question  of  the  architect 
waiting  to  consult  the  designing  engineer  before  giving 
his  decision. 

The  writer  is  somewhat  surprised  that  there  has  not 
been,  long  ago,  a  society  or  an  organization  of  some  kind 
of  structural  engineers,  and  believes  that  if  such  an  or- 
ganization existed  the  designing  and  erecting  engineer 
would  get  the  credit  which  belongs  to  him. 

The  writer  notes  the  statement  in  your  article  that 
there  are  states  that  have  laws  which  prevent  any  one 
save-  a  licensed  architect  from  having  charge  of  the  de- 
signing of  a  large  building,  and  believes  that  that  is  rad- 
ically wrong  and  that  the  engineer's  ability  and  training 
so  far  exceed  the  architects  that  there  is  no  comparison. 
It  is  absolutely  true,  as  you  state  in  your  article,  that  it 
is  necessary  for  the  structural  engineer  to  educate  the 
general  public,  as  the  general  public,  in  regard  to  a  struc- 
ture of  any  kind  depends  entirely  upon  and  thinks  entirely 
of  the  architect.  As  a  rule  it  does  not  even  know  that 
there  is  a  designing  engineer  behind  the  architect  who, 
figures  the  tensile  strains,  the  compression  strains,  the 
wind  and  vibration  strains  of  the  structure  the  architect 
has  in  charge,  as  well  as  the  load  per  square  foot  the 
structure  has  to  carry,  and  the  writer  absolutely  believes 
that  the  engineer  should  be  the  man  in  charge  of  the 
structure,  and  the  architect  a  secondary  consideration. 

While  the  writer  does  not  know  whether  it  was  an  archi- 
tect or  a  civil  engineer  who  designed  the  Pennsylvania 
Railroad  Station  and  the  New  York  Central  Station  in  the 
city  of  New  York,  he  has  been  in  both  of  these  stations, 
and,  taking  them  as  a  comparison,  it  looks  as  if  the  New 
York  Central  Station  job  was  done  by  a  civil  engineer 
who  had  in  view  both  utility  and  revenue.  While  the 
Pennsylvania  Railroad  Station  is  a  fine  piece  of  massive 
architecture,  the  writer  believes  that  there  are  a  few 
million  dollars  wasted  in  the  construction  of  such  a  mas- 
sive structure  owing  to  the  fact  that  the  job  in  itself 
looks  like  an  architect's  proposition.  If  it  had  been  an 
engineer,  he  probably  would  have  designed  it  so  that  there 
would  not  be  such  a  massive  amount  of  material  in  its 
construction  without  some  kind  of  revenue  coming  in  on 
such  a  valuable  piece  of  property  as  the  Pennsylvania 
Railroad   Station   is    located   upon. 

The  writer  may  be  radically  wrong  in  the  above  stated 
ideas,  but  it  is  the  viewpoint  of  an  erecting  contractor 
who  is  speaking  from  experience. 

Very  truly  yours, 

M.  H.  McKenna. 

Cleveland,  0.,  July  20,  1916. 
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Live  Load  StrcMes  In  Railway  Bridges.— By  George  E.  Beggs.  John 
Wiley  &  Sons,  Inc..  New  York.  Cloth,  0x9  In.;  123  pp.;  illustrated. 
$2.00 

Stresses  in  railway  bridges  caused  by  moving  concen- 
trated loads  are  treated  in  this  work  by  the  combined 
use  of  influence  lines  and  algebraic  methods.  The  text 
is  largely  a  development  and  application  of  two  eciuations 
for  solving  the  maximum  live  load  stresses  in  any  struc- 
ture whose  influence  lines  can  be  drawn.  The  general 
equations  are  also  transformed  and  simplified  to  meet 
the  solution  of  stresses  in  the  simple  structures  com- 
monly met  in  practice.  The  work  of  solving  stresses  is 
e.xpedited  by  the  inclusion  of  tabular  data.  The  applica- 
tion of  the  formulas  is  made  clear  by  means  of  a  number 
of  e.xamples  fully  worked  out.  The  book  will  be  found  of 
interest  and  value  to  students  in  structural  engineering 
and  to  practicing  engineers  engaged  in  bridge  work. 


Concrete   Silos.— By   E.    S.    Hanson.     The  Cement   Era   Publishing  Co., 
I'huupo.      Cloth.   .'ixTVi   In.:    171   pp.;   illustrated.     $1.50. 

The  book  treats  of  the  advantages  of  concrete  silos, 
and  of  the  design  and  construction  of  the  different  types. 
It  is  largely  a  compilation  of  what  the  author  considers 
best  in  the  scattered  literature  relating  to  concrete  silos. 
The  design  and  construction  of  the  silos  are  rather  fully 
covered  by  descriptive  matter,  drawings  and  construction 
views. 


Bridge   Foundations.— By  Wm.   Eurnslde.     D.  Van  Nostrand  Co.,   New 
York.      Cloth.    4^4x7   in.;    136  pp.;   Illustrated.      $1.50. 

This  is  an  English  book  and  is  intended  only  as  an 
introduction  to  the  subject  of  bridge  foundations.  The 
book  is  not  as  comprehensive  as  are  American  books  on 
foundations.  The  subjects  treated  are:  The  foundation 
bed,  abutment  and  pier  foundations,  pile  foundations, 
dams,  screw  piles,  well  foundations,  stranded  caissons, 
open  and  pneumatic  caissons,  and  the  effect  of  com- 
pressed air.  Tabular  data  relating  to  bridge  foundations 
are  also  included  in  the  text. 


structural  Timber  Hand  Book  on  Pacific  Coast  Woods.— By  O.  P.  M. 
i;os.s  and  Carl  Heiniiiiller.  Pacific  Coast  Lumbermen's  Association, 
Seattle,   Vi'ash.     Leather;   5xS  in.;   pp.   2S9;   Illustrated.     $1. 

This  volume  will  be  found  particularly  useful  by  engi- 
neers and  contractors  because  of  the  extensive  tabula- 
tions of  safe  total  loads  and  other  properties  of  beams. 
These  tabulations  occupy  about  175  pages  or  about  three- 
fifths  of  the  book.  Tables  show  the  safe  total  loads  and 
corresponding  deflections  for  rectangular  beams  of  vari- 
ous sizes.  The  number  of  pounds  per  board  foot  of  lum- 
ber, supported  by  beams,  is  also  shown,  which  will  assist 
in  effecting  economical  designs.  Tables  have  been  com- 
puted which  show  the  safe  loads  on  beams  limited  by 
the  horizontal  shearing  stress.  Other  tables  show  safe 
total  loads  on  columns  of  various  sizes  and  still  other 
tables  give  the  maximum  spans  for  mill  and  laminated 
floors,  board  measure  for  various  dimensions  and  lengths, 
and  board  measure  and  weight  for  unit  lengths  of  Doug- 
las fir  dimension  timber. 

Data  and  figures  are  given  on  timber  frame-brick  mill 
buildings,  showing  costs,  insurance  rates,  and  details  of 
construction.  Standard  formulas  for  computing  stresses 
covering  the  usual  practical  conditions  are  given.  A  grad- 
ing rule  for  securing  structural  timbers  of  high  strength 
is  also  included. 

Considerable  data  are  presented  on  the  creosoting  of 
Douglas  fir  lumber  in  various  forms,  such  as  bridge 
stringers,  mine  timbers,  piling,  ties,  bridge  caps,  paving 
blocks,  silo  staves,  and  other  forms.  Space  is  devoted  to 
wooden  silos  and  red  cedar  shingles.  Kiln  drying  lumber 
is  briefly  discussed  as  w-ell  as  other  subjects  of  interest 
to  the  consumer  of  wood. 


The    Elasticity    and    Resistance    of  the    Materials    of    Engineering. — By 
Wm.    H.    Burr.      John    Wiley    &    Sons.    Inc.,    New   York.      Cloth,   6x9 

in.;  919  pp.:   Illustrated.     $.'>.. 'lO. 

In  this,  the  seventh  edition  of  this  well  known  work 
the  text  has  been  thoroughly  revised,  the  new  material 
constituting  about  three-fourths  of  the  volume.  Results 
of  the  most  recent  experimental  investigations  have  been 
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used  for  the  requisite  empirical  data  to  make  the  book  a 
real  work  on  the  elasticity  and  resistance  of  materials  of 
engineering  rather  than  a  mere  matter  of  applied  mechan- 
ics. The  treatment  of  reinforced  concrete  in  this  edition 
has  been  extended  to  cover  substantially  all  the  principal 
features  of  that  special  field. 


simplified    Reinforced    Concrete    Mathematics. — By    Melvln    D.    Casler. 

D,    Van    Nostiand    Cu.,    New    York.      Cloth,    SxT^    in.;    66   pp.;    illus- 
trated.    $1. 

The  stated  purpose  of  this  booklet  is  to  provide  prac- 
tical working  formulas  for  the  design  and  investigation 
of  reinforced  concrete  members  and  means  for  applying 
the  formulas  with  a  minimum  of  computations.  There  are 
also  given  some  labor-saving  devices  for  use  in  propor- 
tioning members.  By  means  of  problems  the  application 
of  the  formulas  and  devices  are  clearly  shown. 


Surveying  Manual. — By  William  D.  Pence  and  Mllo  S.  Ketchum. 
McGraw-Hill  Book  Co..  New  York.  Leather;  4i4x7  in.;  384  pp.; 
illustrated;  $2. 

This  is  the  fourth  edition  of  this  well  known  surveying 
manual.  In  this  edition  the  text  has  been  enlarged,  nearly 
all  of  the  cuts  have  been  redrawn,  natural,  logarithmic 
and  trigonometric  tables  have  been  added,  and  the  entire 
book  has  been  reset  and  recast.  The  execution  of  the 
sample  problems  is  excellent,  and  the  revision  has 
greatly  increased  the  usefulness  of  the  book. 


The  Stability  of  Masonry. — By  Ernest  H.  Sprague.  Scott,  Green- 
wood &  Son,  London;  D.  Van  Nostrand  Co.,  New  York,  Distributors; 
Cloth;  414x7  in.;  163  pp.;  illustrated;  $1.50. 

This  is  an  English  work  treating  of  earth  and  water 
pressures  on  walls  and  other  structures  and  of  the  sta- 
bility of  such  structures.  A  very  full  treatment  of  the 
subject  is  given,  in  which  graphical  methods  predom- 
inate. 


STEEL  TRAVELER  AND  FORMS  FOR  RETAINING 
WALL  CONSTRUCTION. 

A  retaining  wall  approximately  28  ft.  high  carries, 
along  a  side  hill  near  Paw  Paw,  W.  Va.,  the  tracks  of  the 
new  Magnolia  cutoff  of  the  Baltimore  &  Ohio  R.  R.,  close 
to  the  main  line  tracks.  To  construct  this  wall  and  not 
interfere  with  traffic  on  the  main  line  a  traveler  and  steel 
form  were  used,  as  illustrated.  The  difference  in  level  of 
the  two  lines  is  28  ft.,  so  that  this  is  the  neat  height  of 
the  wall,  but  at  places  the  wall  footing  extended  11  ft. 
below  the  neat  line  level.  The  wall  is  of  concrete  of 
gravity  section  and  the  traveler  handled  all  concrete  and 


Traveler   and    Forms   for  Concrete    Retaining    Wall   Construction. 

all  excavation  from  the  footing  trench  and  also  carried 
the  wall  forms. 

The  illustration  shows  the  general  construction  of  the 
traveler.  It  was  50  ft.  long  and  35  ft.  high,  and  as  it 
straddled  the  main  tracks  it  was  34  ft.  wide.  On  one 
side  a  cantilever  extended  the  traveler  platform  over  the 


wall.  An  80-lb.  rail  on  each  side  of  the  main  tracks 
formed  a  traveler  track.  Three  trucks  of  four  tandem 
wheels  each  on  each  side  of  the  traveler  rode  on  the 
traveler  track,  the  traveler  being  moved  ahead  by  lines 
fastened  ahead  to  deadman.  On  the  traveler  were 
mounted  two  stiff-leg  derricks  separately  engined.  These 
derricks  handled  the  excavation  and  the  concrete.  Con- 
crete mixed  at  a  central  plant  about  one-half  mile  away 
was  brought  on  a  service  railway  in  buckets  on  cars;  the 
buckets  were  handled  by  derrick  and  emptied  through 
holes  in  the  cantilever  platform.  This  platform  also 
carried  by  suspension  the  steel  forms.  They  were  50  ft. 
long  and  30'2  ft.  high  and  were  equipped  with  turn- 
buckles  and  jackscrews  for  adjustment. 

In  construction  the  wall  forms  were  generally  allowed 
to  stand  two  days  or  longer  for  the  concrete  to  harden, 
but  a  form  could  be  and  was  at  times,  filled  and  removed 
in  15  hours.  The  contractors  were  the  Smith-McCor- 
mick  Co.,  Euston,  Pa.,  for  whom  the  forms  were  built  by 
the  Blaw  Steel  Construction  Co.,  Pittsburgh,  Pa. 


CONSTRUCTING   A   STEEL    CHIMNEY   FOUNDA- 
TION OF  MOLTEN  SLAG. 

Molding  a  block  of  molten  slag  for  a  steel  stack  foun- 
dation is  described  by  A.  G.  McGregor  in  the  August 
Transactions  of  the  American  Institute  of  Mining  Engi- 
neers. The  description  follows:  The  drawings  show  the 
details  of  the  foundation  for  a  steel  chimney  at  the 
smelting  plant  of  the  Calumet  &  Arizona  Mining  Co.  at 
Douglas.  The  chimney  is  305  ft.  high  from  the  top  of 
the  foundation  and  is  25  ft.  QVo  in.  in  diameter,  inside 
of  the  steel  shell.  It  has  a  hollow-tile  lining  4  in.  thick 
throughout  its  height.  The  fej\ture  of  the  chimney  is  in 
the  construction  of  its  foundation. 

The  foundation  was  cast  from  molten  slag  hauled  to 
the  site  for  the  chimney  in  the  usual  slag  pots,  instead 
of  concrete  or  masonry  as  is  usual  for  chimneys  of  this 
type.  A  template  for  holding  the  anchor  bolts  was  made 
of  structural  angles  and  channels  supported  on  a  central 
concrete  pier  and  held  from  turning  or  moving  by  a*sec- 
ond  concrete  pier  at  the  outer  circumference.  The  founr 
dation  bolts  were  supported  at  their  lower  ends  on  small 
Crete  piers  and  they  in  turn  supported  the  template  at 
other  points  of  its  outer  circumference  not  supported  by 
the  concrete  pier,  each  bolt  having  at  the  top  a  nut  on 
the  under  side  and  one  on  upper  side  of  the  template, 
forming  a  secure  support.     Large  washers  were  provided 
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Details  of  Slag   Foundation  for  a   Steel   Stack. 

for  the  bottom  ends  of  the  anchor  bolts  over  which  were 
laid  old  steel  rails.  Blast-furnace  slag  was  then  poured 
over  the  foundation  and  adjacent  ground,  forming  the 
foundation  for  the  chimney.  A  concrete  capping  was  laid 
on  top  of  the  slag  for  the  cast-steel  base-ring  of  the  chim- 
ney proper. 
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METHODS    AND    COST    OF    CONSTRUCTING    A 
REINFORCED  CONCRETE  STOREHOUSE.* 

The  structure  as  shown  by  Fig.  1  consists  of  a  six-story 
main  building  100x250  ft.  and  of  a  one-story  crane  runway 
annex  50x250  ft.  The  construction  is  reinforced  concrete 
except  the  exterior  brick  curtain  walls  of  the  main  build- 
ing and  the  roof  of  the  annex  which  is  steel  frame  with 


Fig.     1  —  Reinforced    Concrete    Storehouse. 

ferroinclave  roofing.  The  description  following  relates  in 
the  main  to  the  reinforced  concrete  work  alone. 
Structural  Features. 
Foundations. — The  building  has  pile  foundations  de- 
signed for  a  loading  of  20  tons  per  pile,  penetrating 
through  partly  consolidated  filling  and  alluvial  deposits 
to  a  fairly  flat  layer  of  gravel  and  sand  at  a  depth  of 
about  43  ft.  below  cut-oflf.  The  piles  were  driven  by  drop 
hammers  weighing  2,500  lb.  and  the  slow  rate  of  progress, 
averaging    only    11.4    piles    per   driver   per   day,    gave   a 
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just  above  the  pile  heads,  apparently  to  tie  the  pier 
together;  these  were  unnecessary. 

Columns. — The  columns  were  designed  for  the  total 
dead  load  plus  75  per  cent  of  the  live  load.  The  columns 
are  square,  3x3  ft.  with  eight  l";s-in.  diameter  round  rods 
in  the  first  story,  diminishing  uniformly  at  each  story  to 
12x12  in.  with  four  -M-in.  diameter  round  rods  in  the 
sixth  story.  At  the  finst  story  the  longitudinal  reinforce- 
ment is  1.5  per  cent  of  the  effective  area,  and  at  the  sixth 
story  2.2  per  cent.  One-fourth  inch  diameter  round  hoops 
were  used  spaced  12  in.  apart;  the  percentage  of  hooping 
is  as  a  result  very  small,  and  the  columns  were  therefore 
designed  as  with  longitudinal  reinforcement  only,  the 
compression  being  limited  to  450  lb.  per  square  inch  (be- 
ing 22'-;  per  cent  of  2,000  lb.).  Considering  the  first-story 
columns,  which  are  square,  as  having  a  diameter  of  36  in., 
a  spiral  hooped  column  of  octagonal  or  circular  section 
with  a  diameter  of  29  in.  would  have  given  equal  strength. 
The  equivalent  .steel  column  of  14-in.  H  section  fireproofed 
would  be  approximately  19  in.  s<iuare. 

Floor  Systems. — The  first  floor  rests  directly  upon  the 
ground;  the  upper  floors  and  roof  were  designed  for  the 
following  live  loads:  Second  floor,  400  lb.  per  square  foot; 
third,  fourth,  and  fifth  floors,  250  lb.;  sixth  floor,  150  lb.; 
and  roof,  40  lb.  The  computations  for  strength  did  not 
include  the  -^i-in.  thickness  of  cement  finish,  as  a  part  of 
the  load  carrying  capacity  of  the  structure.  The  finish 
was  in  every  case  placed  on  the  same  day  as  the  concrete, 
and  a  large  element  of  strength  was  thereby  added.  Mas- 
ter builders'  hardener  was  used  in  the  finish,  with  excel- 
lent results,  as  the  floors  are  dustless  and  show  no  ten- 
dency whatever  to  wear  under  the  iron  wheels  of  hand 
trucks  which  would  otherwise  by  now  have  caused  con- 
siderable wear.  With  the  high-grade  cement  and  mortar 
used  in  present  day  practice,  it  would  unquestionably  be 
justifiable  to  measure  the  thickness  of  a  slab  as  including 
the  finish,  especially  where  the  use  of  a  hardener  and  of 
other  protective  measures  will  prevent  any  considerable 
wear. 
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Fig.  2 — Form   Details  for  Concrete  Storehouse. 


striking  illustration  of  the  inefliciency  of  this  antiquated 
method  of  driving. 

The  concrete  piers  were  1:3:6  gravel  concrete,  chuted 
into  place,  the  pile  heads  being  embedded  6  in.  in  the 
concrete.    Reinforcing  bars  were  provided   in  each   pier 

•Condensed  from  an  article  by  Civil  Engineer  E.  R.  Gayles.  U.  S. 
N.,  in  Public  Works  of  the  Xavy  for  June,  ISltJ. 


The  design  of  the  floor  systems  is  otherwise  extremely 
liberal.  For  the  second  floor,  where  the  design  provides  a 
total  slab  thickness  of  5-''.i  in.,  a  strict  application  of  the 
recommendations  contained  in  the  1913  Report  of  the 
Committee  on  Concrete  and  Reinforced  Concrete  appointed 
by  the  American  Society  of  Civil  Engineers  would  permit 
theoretically   a   slab   4'-    in.   thick;    the   center-to-center 
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span  is  6  ft.  4  in.,  the  clear  span  5  ft.,  and  the  slab  could 
accordingly  be  figured  on  a  span  length  of  5  ft.  4',2  in. 

The  1:2  cement  finish  used  on  this  work  has  an  ultimate 
compressive  strength  of  more  than  3,600  lb.  per  square 
inch,  which  would  justify  a  working  stress,  in  compres- 
sion, of  1,000  lb.  per  square  inch,  in  accordance  with  the 
committee's  recommendation.  There  is  no  reason  why 
use  should  not  be  made  of  this  element  of  strength  in  the 
computations  of  T  beams. 

In  the  slabs  alternate  reinforcing  rods  were  carried 
through  straight  past  supports,  and  alternate  rods  were 
trussed  over  supports.  Short  rods  were  put  in  for  tension 
rods  over  supports  between  the  trussed  rods. 

Following  the  committee's  recommendations,  which 
limit  the  compressive  stress  in  concrete  at  supports  to 
32.5  per  cent  of  the  compressive  strength  of  the  concrete, 
increased  by  15  per  cent,  or  in  this  case  to  750  lb.  per 
square  inch,  the  design  of  the  beams  and  girders  was 
determined  as  much  by  compressive  stress  due  to  reverse 
moments  at  supports  as  by  bending  moments  at  the  middle 
of  the  spans  or  shears.  These  compressive  stresses  are 
carried  by  the  bottom  reinforcing  rods,  a  part  of  which 
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Handling  Concrete. — The  concrete  was  hoisted  by  tower 
and  chuted  into  place.  Figure  3  shows  the  arrangement  of 
tower  and  chutes.  The  low  cost  of  mi.xing  and  handling 
speaks  for  itself.  The  consistency  was  such  that  no 
spading  ne.xt  to  forms  was  required;  in  fact,  none  was 
possible  on  account  of  the  presence  of  reinforcing  metal. 
The  requirement  for  spading  against  forms  should  be 
eliminated  from  modern  specifications  for  reinforced  con- 
crete, as  it  is  impracticable  and  is  also  unnecessary  be- 
cause with  the  proper  consistency,  smooth  surfaces  can  be 
obtained  by  agitating  the  wet  concrete  and  by  occasionally 
rapping  the  forms  to  release  air  bubbles. 

External  Finish. — A  handsome  external  finish  was  ob- 
tained by  applying  a  1 :2  grout  with  brushes,  and  rubbing 
it  on  with  cork  floats.  In  this  connection,  it  may  be  re- 
marked that  an  exceptionally  fine  finish  has  been  given 
the  concrete  work  of  the  power  plant  at  Indianhead  by 
rubbing  the  surfaces  with  carborundum  bricks  and  then 
brushing  on  grout.  This  finish  would  be  suitable  for  large 
surfaces  of  concrete  walls  and  entirely  avoids  the  uneven 
splotched  appearance  of  ordinary  concrete  work,  and 
costs  less  than  ^2  ct.  per  square  foot. 


Fig     3 — Concreting    Plant    for    Concrete    Storehouse. 


are  carried  through  straight;  in  this  building  the  bars 
were  cut  to  the  exact  length  of  center  spacing  of  columns 
and  were  butted  together  to  transmit  the  compression. 
This  arrangement  is  simple  and  practicable  and  is  pre- 
ferable to  hooking  the  ends  of  the  bars. 

It  is  still  more  preferred,  however,  in  order  to  insure 
against  vertical  cracks  in  the  lower  portion  of  beams  and 
girders  adjoining  supports,  to  carry  the  bottom  reinforcing 
rods  through  past  the  center  of  the  supports  a  sufficient 
distance  to  transmit  the  stress  in  the  bars  into  the  next 
beam  or  girder,  the  exact  distance  to  be  determined  by 
bond  resistance. 

The  first  floor  is  of  creosoted  pine  blocks  laid  on  a  6-in. 
concrete  base,  with  a  sand  cushion  %  in.  thick  between 
and  with  sand-filled  joints.  Under  the  heavy  wheel  loads 
of  motor  trucks  the  blocks  work  loose  and  break.  This 
condition  is  being  remedied  by  pouring  the  joints  with 
roofing  tar. 

Forms. — The  forms  were  made  of  tongued-and-grooved 
pine;  new  lumber  was  provided  for  forms  for  three  stories, 
and  the  same  fonns  were  altered  and  repaired  for  the 
upper  two  stories  and  roof.  Figure  2  shows  typical  form 
construction,  which  is  simple  and  strong. 


Joints. — There  were  no  expansion  joints  provided  in 
the  building.  No  serious  cracks  have  developed  thus  far; 
in  fact,  there  is  very  little  cracking  of  any  kind.  Day's 
work  joints  were  made  at  right  angles  to  the  axis  of  the 
building,  and  one  joint  in  each  floor  at  about  the  middle 
of  the  building  has  opened  up  slightly,  due  to  shrinkage. 

In  a  building  of  this  length  it  would  be  desirable  to  put 
in  an  expansion  joint  near  the  middle  of  the  building. 

Construction  Costs  and  Methods. 

The  wages  paid  labor  w?as  as  follows : 

Per  hour. 

Bricklayers    J0.67 

Carpenters     55 

Steel  erectors §2 

Cement    finishers    50 

Plasterers     62 

Common    laborers    20 

Concrete. — The  total  cost  of  the  reinforced  concrete,  not 
including  finish,  was  as  follows: 

Labor     $0.76 

Materials    3.08 

Reinforcement     3.S9 

Forms    3.07 

Plant •     -jS 

Total     $11-23 

The  cost  of  1:3:6  foundation  concrete  was  as  follows: 


August  23.  1916 
Vol.  X  L\'  I.     Xo.  8 

Labor    jq  7g 

Materials    2  65 

Kelnforcement   [    '  V jq 

Forms    •>() 

Plant    !..!.'!!."..'!.'!.'     M 

Total    ..$4.66 

Materials  were  received  in  bottom  dump  wagons.  Labor 
cost  includes  dumping  materials  into  receiving  hopper, 
handling  by  bucket  conveyor  to  bins,  mi.xing,  hoisting  into 
tower,  chuting,  distributing  and  working  into  place,  set- 
ting anchor  bolts  and  column  dowels. 

The  concrete  of  the  first  floor  was  handled  by  industrial 
track  and  tip  cars;  including  placing  track,  etc.,  2,670 
sq.  yd.  cost  $0.81  per  square  yard  for  labor  and  material 
for  6-in.  floor  without  cement  finish. 

Reinforcing  steel  for  5,264  cu.  yd.  reinforced  concrete 
weighed  1,170,000  lb.,  corresponding  to  an  average 
throughout  the  building  of  8.2  lb.  reinforcement  per  cubic 
foot  of  concrete,  or  1.7  per  cent,  and  cost  $3.89  per  cubic 
yard  of  concrete,  at  the  rate  of  $0.0175  per  pound  in  place. 

Forms  were  generally  used  twice.  Forms  for  5,264  cu. 
yd.  reinforced  concrete  cost  $17,200,  or  $3.07  per  cu.  yd. 
There  were  247,500  sq.  ft.  of  forms  used  in  the  entire 
building,  costing  $0,024  per  square  foot  for  labor  and 
$0,045  per  square  foot  for  materials,  total  $0,069  per 
square  foot  of  forms  in  contact  with  concrete.  Cement 
cost  $1.10  per  barrel  net;  sand  $0.98,  and  gravel  $1.20, 
per  cubic  yard. 

Concrete  Plant. — This  plant  placed  7,184  cu.  yd.  con- 
crete, and  cost  $8,061.92;  its  estimated  salvage  value  is 
$5,000,  making  the  net  cost  for  plant  $3,061.92  or  $0.43  per 
cubic  yard.  If  the  entire  cost  of  the  plant  is  charged  into 
the  concrete  the  cost  is  $1.13  per  cubic  yard. 

Slab  Roof. — The  concrete  roof  of  the  main  building  cost, 
per  square  foot : 

Concrete  4   inches   thick $0  047 

Steel   reinforcement !o26 

Forms    '.     *069 

Slag  roofing  .........'.     !0o3 

Total    $0,195 

First  Floor. — Total  cost  of  first  floor,  per  square  yard: 

Concrete  base,   6  inches  thi'jk $0.81 

Wood    blocks      1.17 

Pitch  and   sand 07 

Total     ..$2.05 

The  contractors  for  the  building  were  the  George  E. 
Wyne  Co.,  Munsey  Building,  Washington,  D.  C,  Mr. 
Elmon  A.   Miller,   general   manager. 


EMPIRICAL  ARCH  DESIGNING  OF  THE  GOTHIC 
BUILDER. 

One  of  the  structural  features  of  the  Gothic  church 
buildings  of  Europe  which  most  invariably  excites  the 
interest  of  the  structural  engineer  is  the  seemingly  il- 
logical comple.xity  of  flying  arches.  An  e.xcellent  ex- 
ample of  this  complication  of  arch  numbers  is  shown  by 
the  accompanying  part  view  of  Chartres  Cathedral  re- 
produced from  the  "Architectural  Record."  Why  was 
this  complexity  of  difficult  arch  construction?  In  a 
paper  on  the  Logic  of  Gothic  Architecture,  Mr.  A.  D.  F. 
Hamlin  answers  the  question  as  follows: 

The  so-called  flying-buttress  is  now  perfectly  well  un- 
derstood as  the  one  essential  feature  without  which  the 
French  Gothic  development  of  loftiness  and  of  suppres- 
sion of  walls — the  Gothic  system  of  the  framed  skeleton 
of  stone — could  never  have  been  realized.  By  its  means 
alone  was  it  possible  to  reduce  the  mass  and  area  of  all 
the  supports,  increase  all  the  heights,  and  enlarge  the 
clear-story  windows  to  splendid  dimensions.  By  its 
means  the  weights  were  distinguished  from  the  thrusts. 
These  last  were  concentrated  by  the  ribs  of  the  groined 
vaulting  into  strains  exerted  at  particular  points,  namely 
somewhere  in  the  clearstory  above  each  pier.  The  "fly- 
ing" or  half-arches  abutting  against  the  clearstory  be- 
tween .  each  pair  of  windows  receive  these  thrusts  and 
transmit  them  across  and  above  the  side-aisle  roofs  to 
the  buttresses  proper.  These  last  are  masses  of  masonry, 
very  deep  in  the  direction  of  the  thrust,  i.  e.,  transversely 
to  the  length  of  the  church.     The  fundamnetal   logic  of 
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the  flying-buttress  consists,  first,  in  applying  localized 
resistances  to  the  localized  thrusts;  and,  secondly,  in 
applying  this  resistance  by  means  of  the  half-arch  as 
nearly  as  possible  at  the  central  or  critical  point  of  oub- 
ward  pressure  of  the  vault.  But  since  the  engineering 
science  of  the  French  Gothic  builders  was  empirical, 
not  mathematical,  they  had  to  guess  at  the  point  where 
the  thrust  would  emerge  (i.  e.,  most  forcibly  press  out- 
ward), and  they  made  many  mistakes   in  their  guesses. 


Flying      Arches     of     Chartres     Cathedral. 

Some  of  the  early  half-arches  are  very  high,  some  low; 
some  very  thin  and  light,  some  very  deep.  As  the  style 
advanced,  the  arches  were  made  lighter  and  were 
doubled,  one  above  the  other,  thus  making  sure  of  catch- 
ing the  thrust  between  them. 


A  NEW  SECTION  OF  LACKAWANNA  STRAIGHT 
WEB  STEEL  SHEET  PILING. 

The  S^s-in.  section  steel  sheet  pile  was  designed  for 
use  where  a  comparatively  light  section  is  required  with 
high  transverse  strength  and  minimum  weight,  in  medium 
trench  and  cofferdam  work. 

The  interlocked  joint  formed  between  adjacent  piles 
is  flexible  through  an  arc  of  18  on  each  side  of  the  center 
plane  of  the  piling  section.  The  hooks  of  adjacent  sec- 
tions engage  to  offer  the  greatest  resistance  to  longi- 
tudinal displacement  while  the  guards  overlap  and  engage 
the  outer  surface  of  the  hooks  on  the  adjacent  sections, 
thus  preventing  lateral  displacement  and  co-operating  to 
prevent  longitudinal  displacement.  The  joint  can  be 
disengaged  only  by  withdrawing  one  pile.  There  are  three 
lines  of  contact  between  the  interlocked  members  of  each 
joint,  so  that  there  is  a  positive,  double,  firm  and  close 
interlock,  yet  a  minimum  of  friction  in  driving  or  with- 
drawing and  ample  opportunity  for  displaced  material  to 
work  into  the  joint  and  assist  in  rendering  it  watertight 
while  at  the  same  time  the  interlock  holds  the  piling  in 
proper  alignment  to  form  the  wall. 
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In  the  development  of  this  new  section,  special  atten- 
tion was  given  to  secure  for  this  joint  high  tensional  and 
transverse  strength,  and  at  the  same  time  to  produce  a 
pile  which  would  have  comparatively  low  weight  per 
square  foot,  be  simple,  interlock  perfectly,  and  have  the 


Lackawanna   Sheet   Pile. 


material  so  distributed  as  to  give  a  high  section  modulus 
per  lineal  unit  of  wall.  Lackawanna  Steel  Sheet  Piling 
is  made  by  the  Lackawanna  Steel  Co.,  Lackawanna,  N.  Y. 


AUTOMATIC  SAFETY  BRAKE  FOR  HOISTS  USED 

IN  CHICAGO  FOUNDATION  SHAFT 

SINKING. 

A  standard  method  of  foundation  construction  for  tall 
buildings  in  Chicago  is  to  sink  circular  shafts  through 
the  overlying  clay  blanket  50  to  100  ft.  thick  to  ledge 
rock  or  hardpan  and  fill  these  shafts  with  concrete.  Gen- 
erally there  is  a  shaft  for  each  foundation  column  so 
that  for  a  large  building  many  shafts  are  required  and 
the  task  of  excavation  becomes  one  of  importance  in  the 
mere  matter  alone  of  handling  the  spoil  out  of  shaft.  The 
usual  hoisting  outfit  is  of  the  type  shown  by  Fig.  1 ;  sev- 
eral of  these  hoists  in  a  row  are  commonly  driven  by  an 
endless  steel  cable  operating  over  the  driving  sheaves. 
It  is  obvious  from  inspection  that,  should  driving  cable 
slip  off  a  sheave  while  the  bucket  is  being  hoisted,  the 
pull  would  reverse  the  rotation  of  the  sheave  and  the 
bucket  descending  the  shaft  would  fall  on  the  workmen  at 
the  shaft  bottom.  To  safeguard  against  this  mishap  the 
safety  brake  shown  by  Fig.  2  has  been  devised  and  put  on 
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Fig.   1 — Head    Frame    Hoist. 

the  market  by  French  &  Allen,  manufacturers    of    con- 
tractors' equipments,  508  S.  Canal  St.,  Chicago,  111. 

Between  the  timbers  which  carry  the  sheave  and  within 
head  shaft  is  bolted  a  casting  A  within  which  runs  a 
brake  wheel  B  keyed  to  the  shaft.  The  two  slots,  C,  C, 
in  the  casting  are  eccentric  with  respect  to  the  brake 
wheel;  they  provide  for  the  brake  shoe  D  as  indicated. 
Referring  to  the  drawing,  the  shaft  usually  revolves  in 
the  direction  shown  by  the  arrow,  and  so  revolving  the 
brake  shoe  rides  up  on  the  wheel  with  very  little  friction. 
Reversal  of  the  direction  of  revolution,  as  would  result 
from  a  falling  bucket,  carries  the  brake  shoe  down  and 


the  eccentric  slot  C  causes  it  to  wedge  and  stop  the 
wheel.  It"  the  normal  operation  of  the  shaft  is  the  re- 
verse of  that  indicated  the  brake  shoe  is  shifted  to  the 


Fig.  2 — Safety   Clutch   for   Hoist. 

opposite  slot  Cc.  This  reversibility  of  the  braking  action 
is  a  particular  feature  of  the  device  being  described.  An- 
other feature  emphasized  is  its  quick  action. 


PRACTICAL    CLOSURE    SHEET    FOR    SINGLE 
WALL  STEEL  SHEET  PILE  COFFERDAMS. 

Contributed  by  Carl  O.  .lohnson,  Department  of  Public  Works,  Bridge 
Division,    Cliicago,    111. 

Closing  a  single  wall  steel  cofferdam  is  often  a  trouble- 
some procedure,  especially  when  the  work  must  be  done 
in  deep  water,  or  where  sheeting  comes  together  ball  to 
ball  or  socket  to  socket.  Mr.  Murphey  of  the  Great  Lakes 
Dredge  and  Dock  Co.  devised  a  scheme  which  worked 
very  satisfactory  in  the  steel  dam  for  the  Belmont  Ave. 
Bridge,  Chicago.  Here  the  sheeting  came  together,  ball 
to  ball,  in  a  wedge-shaped  opening  in  about  15  ft.  of 
water.  The  excavation  inside  the  dam  was  subsequently 
made  20  ft.  Two  35  lb.,  24  ft.  U.  S.  Steel  sheets,  with 
3xl0-in.  S4S  pine  filler  between,  were  lightly  bolted  to- 
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Closure   Detail   for  Sheet   Piling. 

gether  with  l^^-in.  bolts  working  in  li'2x5-in.  slotted  holes 
about  2  ft.  apart  and  protected  by  4xSs-in.  square  wash- 
ers. All  parts  were  well  greased,  and  all  nuts  placed  on 
inside  of  dam. 

After  sheet  was  driven,  bolts  were  tightened  from  in- 
side of  dam  as  pumping  and  excavation  proceeded. 
Slotted  holes  were  made  by  first  drilling  three  l^i-in. 
holes  and  cutting  away  material  between  with  cold  cutter. 
The  cost  was: 

1  machinists,  tot.il  40  hr.,  drilling  66  IH-in.  holes. 

2  machinists,   total  S  hr.,  cutting  22  H4x5-in.  slots. 
1  carpenter,  4  hr.,  fitting  3xl0-in.  filler. 

Total,  52  hr.,  @  65  ct.  =  $33. SO. 


A  u  £c  u  s  t  2  3.  19  16 
X-oL^X  L  V  I.     No.  8 

OIL  TANKS  BEFORE  AND  AFTER  TAKING  PNEU- 
MATIC HAMMER  TREATMENT. 

At  the  left  in  the  accompanying  illustration  is  shown 
an  oil  tank  as  it  came  from  a  fire  in  a  plant  of  the  Texas 
Oil  Co.  It  is  one  of  twelve  tanks,  each  about  as  badly 
banged  up  and  each  10  ft.  in  diameter  and  30  ft.  long.  At 
the  right  in  the  illustration  is  shown  the  battered  tank 
after  it  had  been  repaired.  The  right  hand  picture  is  a 
testimonial  of  the  efficacy  of  pneumatic  tools.     To  restore 
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used  as  a  ceiling  or  as  a  wall,  but  when  used  as  a  floor 
there  is  a  marked  reduction  in  heat  transmitted. 

The  second  part  of  Table  III  gives  some  idea  of  what 
a  large  effect  wind  and  rain  have  upon  the  coefficient  of 
heat  transmission.  The  rain  increasing  the  heat  trans- 
mission to  a  greater  extent  than  the  wind  alone,  most 
authors  assuming  the  heat  transmission  through  glass 
is  1  B.T.U.  per  square  foot  per  degree  difference  of 
temperature  and  from  these  experiments  we  see  that  this 
corresponds  to  a  condition  of  dry  glass  with  a  strong  wind 
blowing.  If  we  add  to  these  conditions  a  heavy  rain,  the 
value  of  the  coefficient   is   increased  about  50  per  cent. 


Damaged  Oil  Tanks  Repaired  With   Pneumatic  Tools. 


the  tank  the  contractors,  the  Johnson  &  Barry  Steel  Co., 
Birmingham,  Ala.,  used  pneumatic  hammers,  rivet  busters, 
riveters,  and  drills.  Where  the  old  sheets  had  bursted 
new  plates  were  substituted,  but  otherwise  the  old  sheets 
were  reused.  The  pneumatic  tools  were  all  furnished  by 
the  Chicago  Pneumatic  Tool  Co.,  Chicago,  111. 


While  a  rain  never  occurs  in  zero  weather  it  is  possible 
that  a  fine  snow  might  occur  at  a  very  low  temperatures. 
In  this  case  the  melting  of  the  snow  on  the  glass  would 
give  practically  the  effect  of  a  wet  glass  at  a  very  low 
outside  temperature.  It  would  seem  therefore  that  the 
coefficient  used  for  glass  should  be  increased.     The  ex- 


HEAT     TRANSMISSION     THROUGH     GLASS     AS 
USED  IN  BUILDING  CONSTRUCTION.* 

This  apparatus  consists  of  a  wooden  box,  as  shown  in 
Fig.  1.  The  box  is  6  ft.  long,  4  ft.  wide  and  4  ft.  high  on 
the  inside.  The  walls  are  11  in.  thick  and  are  heavily  in- 
sulated with  wood,  air  space  and  cork.  The  cross  sec- 
tion of  the  insulation  is  shown  in  Fig.  1.  One  side  of  the 
box  may  be  removed  and  in  this  open  side  the  different 
building  materials  may  be  constructed  for  test  purposes. 
The  box  itself  is  on  trunnions  so  that  it  may  be  turned  in 
any  position,  enabling  the  material  to  be  tested  as  a  floor, 
as  a  wall  or  as  a  ceiling;  it  is  also  possible,  as  in  case  of 
roofing  material,  to  place  the  box  at  any  angle. 

In  order  to  determine  the  effect  of  rain  on  the  coefficient 
of  transmission,  two  rows  of  spray  nozzles  w'ere  arranged 
so  that  the  material  to  be  tested  might  be  covered  by  a 
film  of  water.  The  effect  of  wind  was  determined  by 
delivering  air  in  a  thin  film  across  the  surface  of  the 
material  to  be  tested,  the  air  velocity  being  produced  by 
a  blower  driven  by  an  electric  motor.  The  air  was  deliv- 
ered across  the  whole  length  of  one  side  of  the  surface 
of  the  material  to  be  tested. 

The  results  of  the  tests  made  are  given  by  Tables  I, 
II  and  III.  It  is  noted  from  the  results  shown  that  the 
heat   transmitted   is   almost   the   same   whether   glass    is 
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•Extract    from    paper  by    Prof.    John   E.    Allen   before    the   .\merican 
Society  of  Heating  and  Ventilating  Engineers. 


Fig.   1 — Details   of  Construction   of  Apparatus  for  Testing   Heat 
Transmission   Through   Glass. 

periments  show  that  this  coefficient  should  be  1.48  or  ap- 
proximately 1.5.  This  would  more  nearly  represent  the 
maximum  loss  from  glass  than  the  coefficient  1,  which  is 
used  at  the  present  time. 

The  University  of  Michigan  expects  to  carry  on  this 
line  of  experiments  for  a  series  of  years.    We  shall  next 


T.VBLE   I.— TESTS  TO   DETERMINE   "K"  FOR  DIFFERENT  POSITIONS  OF  THE  GLASS. 

Test    No 18             19             23             23             23  15             21             21             21             14             20               5  11 

Glass  as  45° 

Position Glass  In  vertical  position.  '  Gtess  as  a  ceiling.                     skylight.        Glass  as  a  floor. 

Date.  1916    VTl        3^29           6^3           5/3           5/3    '  2/18           4/9           4/9         4/11         2/12           4/1      T^2S  2^ 

Duration.hr 26             48          166  11%             52                                               9             96 

Instantaneous  read „       ,„„  ,  ^  ?«?■,  ^  ?-,7«  731         «>;  7        sn?'       S7 %        7=;  1         01  e        4H  -IH 

Avernsre   tenineratnre   inside                                    S9  2         22.2       139.3       128.2       131.2  73.1         85.7         80.2         87.2         75.1         91.6         76.2  7S.7 

tverill  teniDlrature  outLide 40  4         44  6         56.7         45.2         50.2  14.5         40.7         33.2         41.2         13.1         42.6         29.7  18.7 

Temneraturo  dlff                           48  S         47  6         82  6         83.0         81.0  57.6         45.0         47.0         46.0         62.0         49.0         46.5  fiO.O 

WMt<f                      354           328           566           566           5«6  382           310           310           310           388           313           263  .386 

Rt,,     innnt 1207         1113         1930         1930         1930  1305         1058         1058         1058         1323         1067           895  131?. 

i:f:u:io=fs"throughwoodVn-swes:::::::::::3?6    \m     ms     562     ««  46o     369     375     367     495     391     jn  479 

B.t.u.  loss  through  glass S17  ^^^  739  „/2-0^^^1268^^.12S4^^^  845^^^  689^^^  683^^^  691^^^  828  „^  6,6  _  o24^.^  834  ._^ 

K corrected;:;::::::::;::::!::::::;;;:::::;   o;46o   0.577   0.613  0-525 
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TABLE  II.— TESTS  TO  DETERMINE  "K"  FOR  GI^\SS  AS  A  WALL  SUBJECTED  TO  RAIN  AND  WIND. 

Test  No 21             24            2C            26            26            26             28            28  29            29  30            31             31  S3  33 

Condition   No.  wind  or  water.  Water.  Wind.          Water  and  wind. 

, >  ,  >                     ,  > 

Date    1916                     5  U         5/14         5/17         5/17         5/18         3/19         5/17         5/22  5/30           6/2  6/7           6/8           6/9  6/9  6/10 

Duratlon.hr 70           '               ■=«         c              .              .              "^         .  ^^"         .  ^^              ®          « ,  ^  *^ 

Instantaneous  reading  ...  8  a.m.                   6  p.m.     6  a.m.     0  a.m.                   6  a.m.  4  a.m.  b  a.m.  6  a.m. 

AVE      emperatiire  inside  135.8       133.2       117           116.2       119.2       128. 7       122.1       128.7  106.7       105.7  108.6         96.7         95.2  94.2  92.2 

■^vl'  templrature  outsid4  53  7         51.2         46.2         47.2         42.2         47.2         50.4         54.2  62.9         61.2  58.5         54.7         54.2  55.8  54.2 

Tenin    mff  SOI         82  0         70.8         69.0         74.0         72.0         71.1         74.5  43.8         44.5  50.1         42.0         41.0  38.4  38.0 

Watt«          5.-4           554           481           481           4S1           481           4S1           4S1  481           4S1  481           481           481  481  481 

Btu^inoii't ISSiO         1S90         1640         1640         1640         1640         1640         1640  1640        1640  1640         1640         1640  1640  1640 

Bt'u'  loss  throuEh  wood'.'  600           615           330          517           555           539           537           558  328           333  375           314           307  28S  285 

it'll    loss  throuKh  slass  .  1290         1275         1110         1123         1085         1101         1103         1082  1312         1307  1265         1326         1333  1362  1355 

K         ....    ...!:.  0.671       0.647       0.654       0.67S       0.611       0.637       0.641       0.005  1.248       1.222       1.05         1.315       1.355       1.468       1.485 

K  corrected 0.69S                      0.ii37                                                      0.601 


take  up  plate  glass,  then  cement  and  other  forms  of  build- 
ing material. 

TABLE    III.— UPPER   AND   LOWER    LIMITS.    AND    PROBABLE 
VALUE   OF   "K"   FOR  ALL  TESTS. 

I.  Glass   subject    to   ordinary   atmospheric   conditions   and   set    in    10 

inches  from  the  face  of  the  box. 

Probable 
Limits.  value  of  "K." 

Glass  vertical     0.577-0.660  0.630 

Glass  horizontal  on  top 0.525-0.638  0.610 

Glass  inclined  at  45  deg 0.557-0.575  0.575 

Glass  horizontal    on   bottom 0.47  -0.479  0.47 

II.  Glass  flush  with  the  part  of  the  box  and  subject  to  wind  and  rain. 

Probable 
Limits.  value  of  "K." 

Quiet  conditions 0.601-0.693  0.641 

Rain,    no   wind }'?of 

Rair.   and  wind n? 

Wind   blowing,  no  rain 1.05 

OVERFLOW    BRIDGES— TYPES    OF    OVERFLOW 

BRIDGES  USED  IN  MLENNAN 

COUNTY,  TEXAS. 

Contributed  by  William  C.  David.son,  Former  Assistant  County 
Engineer. 

The  overflow  bridges  herein  described  were  built  in 
McLennan  County,  Texas,  during  the  years  of  1914  and 
1915.  They  were  constructed  as  a  part  of  a  175-mile 
system  of  concrete,  macadam  and  gravel  roads,  built  at 
a  cost  of  $1,075,000. 


flow  bottom  lands  along  such  streams  as  the  Aquilla, 
Tehuacana,  Bosque  and  other  creeks  tributary  to  the 
Brazos  River.  For  obvious  reasons,  the  building  of  a 
waterway  of  suflScient  size  to  carry  the  flood  water  of 
such  creeks  was  out  of  the  question.  Yet  to  have  con- 
structed a  gravel  or  even  a  macadam  road  along  sections 
subject  to  severe  overflow  would  have  been  a  wanton 
waste  of  material.  A  type  of  construction  was  needed 
that  would  withstand  a  swift  current  and  perhaps  sev- 
eral days  of  inundation. 

The  flood  of  1913,  during  which  the  waters  of  the 
Brazos  River  and  tributary  streams  reached  almost  an 
unprecedented  flood  stage,  demonstrated  the  fact  that  to 
build  the  roads  along  these  bottoms  above  high  water 
was  in  some  instances  impossible  and  in  nractically  all 
cases  a  matter  of  questionable  judgment. 

The  plan  finally  adopted  was  to  pave  the  overflow  area 
with  concrete  and  to  span  the  main  channel  of  the  creek 
with  a  concrete  bridge  of  the  overflow  type.  The  para- 
mount idea  in  the  design  of  such  structures  was  to  use 
a  type  of  structure  that  would  withstand  the  action  of 
a  heavy  current,  the  possibility  of  drift  lodging  against 
the  bridge  and,  when  the  flood  had  subsided,  would  leave 
the  traveled  roadway  free  from  silt,  mud  and  other  flood 
deposits.     It  is  the  purpose  of  this  article  to  discuss  over- 
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Fig.  1 — Overflow  Highway  Bridge  Over  Tehuacana  Creek. 


In  general  the  good  roads  system,  though  restricted 
to  a  road  district,  reached  out  to  practically  all  the  towns 
in  the  county.  With  Waco  as  a  center  seven  main  roads 
radiated  out  into  the  surrounding  country.  Lateral  roads 
connecting  the  main  pikes  and  short  roads  leading  out 
from  the  smaller  towns,  completed  the  network  of  175 
miles  of  highway. 

Frequently  the  roads  traversed  long  stretches  of  over- 


flow bridges,  dealing  with  the  several  types  used  through- 
out the  system. 

One  of  the  main  thoroughfares  leading  out  of  Waco  is 
what  is  termed  locally  as  the  Waco-Marlin  road.  This 
road  crosses  the  Tehuacana  Creek,  a  stream  much  sub- 
ject to  overflow  and  back-water  from  the  Brazos  River. 
The  type  of  bridge  used  is  shown  in  an  accompanying 
drawing  designated  as  Fig.  1.     The  work  was  done  under 
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contract  with  a  unit  classification  and  price  for  all  ma- 
terials and  labor,  with  the  exception  of  piling,  which 
was  handled  as  force  account,  the  basis  of  payment  be- 
ing actual   cost  to   the   contractor   for   labor   and   mate- 
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Design  Features. 

The  bridge  consisted  of  two  spans  of  31  ft.  10  in.,  and 
two  spans  of  39  ft.  The  substructure  of  the  bridge  ■^vas 
plain    concrete,    while  the    superstructure    consisted  of 
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Fig.    2 — Design    for   Overflow    Bridge    When    Normal    Flow    Is    Small. 


The  itemized  cost  of  this  bridge 


rials  plus  15  per  cent, 
follows : 

Wet  excavation,  99.27  cu.  yd.  at  $1.50 %    148.90 

Earth  excavation,  149.2  cu.   yd.  at  40  ct 59.68 

No.   1  concrete,    47.36  cu.    yd.    at  ?11 520.96 

No.  2  concrete,  222.47  cu.  yd.  at  $10 2,224.70 

Reinforcing  bars,  7,2S5  lb.  at  3  ct 218.55 

Steel  I-beams,  4S,652  lb.  at  3  ct 1,459.56 

Total     $4,632.45 

Pile  Driving — 
Material    for   pile    driver,    Including   cost    of    SOO-lb.    hammer 

(no  15  per  cent) 48.18 

Labor  on   rig 22.80 

Stripping    and    sharpening    piling 11.20 

Labor  on  driving  piles 81.90 

Plus  15  per  cent "  17.39 


Total  cost  of  driving  plies $    181.47 

Grand    total    for   structure $4,813.92 

The  bridge  was  built  during  the  latter  part  of  the  sum- 
mer of  1915  when  the  water  was  at  a  low  stage.  One 
of  the  piers  was  situated  in  the  middle  of  the  channel 
where  the  water,  even  at  low  stage,  was  about  8  ft.  deep. 
It  was,  therefore,  necessary  to  construct  a  cofferdam. 
Wakefield  piling  was  used  in  the  construction  of  this 
cofferdam,  with  sacks  of  sand  piled  around  the  outside 
to  prevent  leakage.  This  pier  was  excavated  to  a  depth 
of  12  ft.  below  the  water  level. 

The  following  extracts  from  the  specifications  are 
given : 

Wet  excavation  shall  consLst  of  such  excavation  In  the  removal 
of  which  it  shall  be  necessary  to  drive  sheet  piling  and  resort  to 
continuous  pumping. 

No.  1  concrete  shall  consist  of  one  part  of  Portland  cement  and 
four  parts  of  creek  or  bank  run  gravel,  this  class  of  concrete  to  be 
used  for  top  slr,bs,  post.s  and  curb  guards. 

No.  2  concrete  shall  consist  of  one  part  of  Portland  cement  and  six 
parts  of  creek  or  bank  run  gravel,  this  class  of  concrete  to  he  used 
for  the  substructure,  including  abutments,  wing  walls,  bottom  slabs, 
footings  and  beam  casings. 

The  aggregate  shall  consist  of  a  creek  or  bank  run  gravel  which 
shall  be  fre.^  from  earth,  clay.  loam  or  other  impurities  tending  to 
Weaken  the  concrete.  It  shall  be  uniformly  graded  in  sizes  var>Mng 
from  sharp  sand  to  p<ibbles  which  shall  pass  a  IH-lnch  screen. 

Wet  excavation  was  paid  for  on  the  basis  of  the  unit 
price  for  wet  excavation  plus  the  unit  price  for  the 
material  removed,  according  as  it  was  classified  as 
earth,  loose  rock  or  solid  rock.  The  contractor  used 
a  6-in.  centrifugal  pump  driven  by  a  gasoline  engine 
to  keep  the  water  out  of  the  cofferdam  as  the  exca- 
vation progressed.  A  firm  substrata  of  clay  was  secured 
for  all  foundations  except  in  one  pier  and  one  abutment. 
In  both  of  these  a  soft  alluvial  soil  was  encountered  and 
it  became  necessary  to  drive  a  cedar  pile  foundation. 


steel  I-beams  encased  in  concrete,  with  a  reinforced  con- 
crete floor.  The  bridge  was  designed  for  a  live  load  of 
150  lbs.  per  square  foot,  plus  a  deal  load  consisting  of 
the  steel  beams  carrying  a  concrete  slab  having  an  aver- 
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Figs.   3   to   5 — Types   of   Overflow    Bridges. 
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Figs.    1    to    8 — Views    of    Overflow    Bridge    Construction    In    McLennan    County,  Texas. 


age  thickness  of  5V4   in.     In  addition  to  this  there  was 
the  dead  load  due  to  the  beam  encasements. 

Its  location  was  such  that  the  central  pier  fell  in  the 
middle  of  the  channel.  The  floor  elevation  was  some  10 
ft.  below  high  water  level  as  given  by  the  flood  of  1913. 
In  adopting  this  elevation  for  the  bridge  floor  due  re- 
gard was  given  to  the  drift  line  of  the  stream,  the  ob- 
ject being  to  place  the  structure  at  such  an  elevation 
that  the  danger  of  drift  lodging  against  the  bridge  would 
be  eliminated.  To  further  insure  the  bridge  from  dam- 
age due  to  drift,  the  usual  handrailing  feature  was  omit- 
ted. In  its  place  were  substituted  pedestals  12  in.  high 
by  20  in.  long  with  a  space  of  11%  in.  between  them.  At 
each  end  of  the  bridge  a  large  pedestal  12  in.  x  20  in.  x  2 


ft.  6  in.  was  used  in  place  of  the  short  pedestal.  This  large 
pedestal  merely  served  an  ornamental  purpose.  The  pur- 
pose of  using  pedestals  of  this  design  w-as  to  provide  a 
wheel  guard  for  vehicles,  and  at  the  same  time  not  offer 
an  obstruction  to  drift  nor  collect  silt  or  mud  upon  the 
floor  of  the  bridge.  It  can  readily  be  seen  that  this  de- 
sign of  pedestal  will  enable  the  current  to  keep  the  floor 
washed  free  of  silt  and  mud. 

The  superstructure  was  securely  anchored  to  all  piers 
and  abutments  with  reinforcing  bars  extending  into  the 
concrete  of  the  substructure.  Expansion  joints  were 
placed  at  points  as  indicated  on  the  general  drawing.  All 
piers  were  of  plain  concrete  with  batters  of  ^^  in.  in 
12  in.  on  the  sides  and  1  in.  in  12  in.  on  the  ends.     Abut- 
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ments  and  wing  walls  were  also  of  plain  concrete,  and 
were  constructed  vertical  on  the  face  and  battered  1  in. 
in  12  in.  on  the  back. 

Old   Span. 

The  new  structure,  having  a  total  length  of  141  ft.  8 
in.,  replaced  an  old  steel  and  timber  trestle  bridge  whose 
total  length  was  233  ft.  The  old  bridge  had  a  central 
span  of  steel,  80  ft.  long,  and  153  ft.  of  timber  trestle 
approach.  The  floor  elevation  of  the  old  bridge  was  13 
ft.  above  the  floor  elevation  of  the  new  structure.  There- 
fore by  the  use  of  an  overflow  bridge,  there  was  a  sav- 
ing in  length  of  bridge  of  91  ft.  4  in.  as  well  as  a  sav- 
ing in  height  of  piers. 

It  is  only  expected  that  this  waterway  will  provide  for 
the  normal  flow  of  the  stream.  Occasionally  the  bridge 
will  be  covered  with  flood  water,  during  which  time 
traffic  will  be  suspended.  For  several  hundred  feet  on 
each  end  of  the  bridge  concrete  road  has  been  built.  This 
will  prevent  the  washing  away  of  the  earth  approaches. 
During  a  recent  flood  the  floor  of  the  new  bridge  was 
covered  with  water  to  a  depth  of  5  ft.  and  traffic  was 
suspended  for  several  hours.  No  damage  Vas  done  to  the 
bridge  and  very  little  silt  collected  on  the  roadway,  thus 
de«nonstrating  the  usefulness  of  the  open  design  pedestal. 
Overflow   Bridge   for  Small  Waterway. 

In  general  two  types  of  overflow  bridge  were  employed 
throughout  the  system.  The  type  previously  described 
is  applicable  to  large  streams,  while  the  one  now  under 
discussion  applies  more  particularly  to  small  overflow 
areas. 

Figure  2  represents  a  design  where  the  normal  flow 
of  the  stream  is  small,  in  fact  in  the  case  described,  there 
is  no  flow  except  during  a  flood  period.  The  channel  is 
a  slough  which  is  fed  from  the  overflow  waters  of  Aquilla 
Creek.  From  three  to  four  times  a  year  this  creek  over- 
flows its  banks  and  spreads  over  the  adjacent  bottom 
lands.  When  it  reaches  a  depth  of  4  ft.  over  the  bottoms 
the  water  breaks  through  the  slough  in  question,  form- 
ing a  raging  torrent  about  300  ft.  wide.  As  a  result  traffic 
was  formerly  suspended  for  as  long  as  two  or  three  days 
at  a  time.  Such  was  the  velocity  of  the  current  that  it 
was  dangerous  for  a  vehicle  to  attempt  to  cross  when 
the  depth  of  the  water  exceeded  1  ft. 

It  became  necessary  to  bridge  or  pave  the  entire  over- 
flow width  of  the  road  in  order  that  the  construction 
be  of  a  permanent  nature.  The  design  adopted  consisted 
of  a  series  of  concrete  boxes  for  the  central  part  of  the 
channel,  with  a  concrete  pavement  at  each  end  of  the  cul- 
vert to  extend  .to  the  edge  of  the  overflow  area.  The 
bridge  proper  consisted  of  four  10-ft.  boxes  having  a 
clear  height  of  3  ft.  and  a  width  of  roadway  of  16  ft.  The 
remainder  of  the  channel,  consisting  of  240  ft.,  was 
paved  with  concrete.  The  down-stream  side  of  the  con- 
crete road  was  provided  with  an  apron  2^  2  ft.  wide,  to 
prevent  a   back  wash   under  the  pavement. 

To  insure  against  the  possibility  of  sliding  on  the  base, 
the  side  walls  and  piers  were  securely  anchored  to  the 
footings  with  reinforcing  bars.  The  footings  themselves 
were  extended  well  below  the  surface,  and  to  guard 
against  wash  and  underflow  of  water,  toe  walls  were 
used  on  both  the  upstream  and  down-stream  ends.  As 
shown  on  the  drawing,  weep  holes,  3  in.  x  12  in.,  spaced 
4  ft.  on  centers  on  both  curb  guards,  were  provided  to 
prevent  mud  from  collecting  on  the  floor  of  the  bridge 
during  an  overflow.  A  recent  overflow  demonstrated 
the  fact  that  these  weep  holes  will  serve  every  purpose 
for  which  they  were  intended.  The  diflferent  classes  of 
concrete  used  in  the  bridge,  were  subject  to  the  specifi- 
cations herein  mentioned. 

The  concrete  road  had  a  width  of  15  ft.  exclusive  of 
the  2i2-ft.  apron  on  the  down-stream  side  of  the  pave- 
ment. Its  thickness  at  the  center  was  6  in.  and  at  the 
sides  41 -J  in.  Expansion  joints  were  placed  every  30  ft. 
apart.  A  detail  of  the  joint  is  shown  in  Fig.  2,  and  con- 
sists of  two  metal  bars  securely  anchored  to  the  con- 
crete on  either  side  of  the  section,  with  an  elastite  filler 
between.  The  filler  used  was  two  thicknesses  of  rub- 
beroid  roofing.    The  specifications  for  the  concrete  called 
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for  a  mixture  of  1:2:3V2.  This  gave  on  an  average  of 
48  bags  for  each  30-ft.  section.  The  roadway  was 
crowned  at  the  rate  of  Vi  in.  per  foot,  or  a  total  crown 
in  15  ft.  of  l^s  ins.  A  template  used  in  obtaining  this 
crown  is  shown  in  Fig.  2.  It  was  so  constructed  that  it 
could  be  used  both  as  a  template  and  as  a  float  for  the 
concrete. 

The  work  of  building  both  the  culvert  and  the  con- 
crete road  was  done  under  the  direct  supervision  of  the 
county  engineer.  Labor  was  employed  at  the  following 
figures,  on  the  basis  of  an  8-hour  day: 

Foreman,    per  day $4.00 

Form   buildor.   per  day 3.00 

Common   labor,   per  day 1.50  to  1.75 

Teams,   per   hour 40 

Cost  of  Culvert. 

The  figures  which  follow  represent  actual  cost  to  the 
county: 

ICajth   excavation    (hand    labor) f     8.30 

r.arth  excavation   (team   labor) 8.80 

Foreman    4.00 

Total  cost  of  excavation $  21.10 

Total  cu.  yd.  of  excavation,  9!. 

Cost  per  cu.   yd $      .22 

Mixing  and   pouring  concrete , 70.40 

Foreman     20.00 

Form  work    34.15 

Foreman     8.00 

Hauling  water  for  concrete 6.80 

Total   labor   cost $157.45 

There  was  a  total  of  62.63  cu.  yd.  of  concrete  used  in 
the  culvert,  from  which  the  following  unit  costs  for 
labor  are  deduced: 

I'ouring  concrete,   per  cu.  yd $1.44 

Form  buildiner.  per  cu.  yd 68 

Water  for  concrete,  per  cu.   yd '. 11 

The  foundation  excavation  was  practically  all  done 
with  team  and  fresno,  and  consequently  the  labor  cost 
was  very  much  lower  than  usual  for  such  work. 

The  unit  cost  on  forms  also  included  the  placing  of 
2,830  lb.  of  reinforcement.  There  were  used  in  the  bridge 
200  sacks  of  cement  at  a  cost  of  $0.42  per  sack  net;  and 
at  a  cost  of  6%  ct.  per  sack  for  hauling  a  distance  of 
four  miles  from  the  railroad  to  the  bridge  site,  making 
a  total  cost  of  48%  ct.  per  sack.  A  total  of  69^2  cu.  yd. 
of  gravel  were  used  at  a  total  cost  of  $59.01  at  the  site,  or 
a  unit  cost  of  85  ct.  per  cubic  yard.  The  haul  distance 
was  21 2  miles.  The  gravel  used  was  pit  run,  cost- 
ing 10  ct.  per  cubic  yard  at  the  pit,  with  a  price  of  75 
ct.  per  cubic  yard  for  hauling.  A  total  of  3,160  ft.  of 
form  lumber  was  used.  This  cost  at  the  site  $103.58,  in- 
cluding the  haul  on  same.  Therefore  the  cost  per  cubic 
yard  of  concrete  for  forms  was  $1.65.  Other  miscella- 
neous costs  follow:  V-strips,  350  lin.  ft.,  $2.63;  one  keg 
of  6d  common  nails,  $2.75;  one  100-lb.  roll  of  No.  9  wire, 
$3.20. 

To  summarize,  we  have  a  total  cost  of  bridge  exclusive 
of  foundation  excavation  and  reinforcing  bars,  as  fol- 
lows: 

Mixing   and   pouring  concrete $  90.40 

Forms    145.73 

Cement    97.32     - 

Gravel     59.01 

Water    6.S0 

V-strips    2.63 

Nails    2.75 

RoU  of  No.  9  wire 3.20 

Total  cost    $407.84 

Cost  per  cu.  yd.  of  concrete 6.51 

Cost  of  Concrete  Road — 

Preparation  of  trench $  40.20 

Form  lumber    3.00 

Labor  on    forms 3.75 

Miscellaneous   tools    21  08 

Gravel 117.45 

Screening  gravel    9.75 

Hauling  water  for  concrete 18.20 

Jliscellaneous  hauling   2  00 

Cement    175.14 

Hauling    cement     28.20 

Mixing  and  pouring  concrete 51.95 

Miscellaneous  (bundling  sacks,   etc.) 3.45 

Foreman    32.00 

Total  cost   $506.17 

There  was  a  total  of  506  sq.  yd.  of  pavement,  includ- 
ing the  surfacing  of  the  top  slab.  Hence  the  cost  per 
square  yard  was  approximately  $1. 

The  cement  was  hauled  a  distance  of  four  miles  at  a 
cost  of  6%  ct.  for  hauling  and  a  cost  of  42  ct.  net  for 
the  cement,  making  a  total  cost  per  sack  at  the  site  of 
48-3  ct.     Water  used  in  the  mixing  of  the  concrete  was 
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obtained  within  100  yards  of  the  site  from  a  pond.  It 
was  hauled  in  barrels  with  team  labor  at  40  ct.  per  hour. 
The  cost  of  water  per  square  yard  of  concrete  was  3.6 
ct.  In  the  preparation  of  the  channel  both  team  and 
hand  labor  was  employed.  The  total  cost  of  this  item  was 
$40.20,  with  a  cost  of  8  ct.  per  square  yard  of  concrete. 
This  item  of  cost  included  everything  necessary  to  put 
the  trench  in  condition  to  receive  the  concrete. 

Gravel  at  the  site  cost  $1.35  per  cubic  yard,  of  whic»i 
$1.25  was  for  a  haul  of  4^2  miles  and  10  ct.  for  the  cost 
of  the  gravel  at  the  pit.  A  total  of  87  cu.  yd.  were  used, 
with  a  resultant  cubic  yardage  of  concrete  of  74.5.  Upon 
this  basis  the  shrinkage  in  the  gravel  was  17  per  cent. 
The  total  cost  of  the  gravel  at  the  site,  including  the 
cost  of  screening  a  portion  for  the  top  slab  of  the  cul- 
vert, was  $127.20.  Therefore  the  cost  per  square  yard 
of  concrete  was  25  ct. 

The  expansion  bars  used  were  patented  and  cost  $1 
per  bar  f.o.b.  Waco,  Tex.  Since  two  bars  were  required 
at  each  joint,  the  cost  of  same  was,  therefore,  $2,  exclu- 
sive of  the  elastite  filler.  This  cost  roughly  15  ct.  per 
joint. 

Figure  3  shows  a  general  standard  employed  for  an- 
other type  of  overflow  bridge.  This  type  is  very  similar 
to  the  one  just  described  and  is  applicable  to  drainage 
areas  where  the  normal  flow  is  small.  If  more  than  one 
opening  is  desired,  a  standard  as  shown  in  Fig.  4  may 
be  used. 

Figure  5  shows  a  standard  plan  for  an  overflow  bridge 
of  the  I-beam  type.  This  structure  consists  merely  of  an 
encased  I-beam  of  one  or  more  spans  as  desired,  with  a 
low,  massive  railing  wall  which  will  offer  as  little  resist- 
ance as  possible  to  water  and  drift. 
Personnel. 

The  foregoing  construction  work  and  design  was  car- 
ried out  under  the  direction  of  Rollen  J.  Windrow,  Chief 
Engineer  of  the  $1,075,000  road  system.  As  an  assist- 
ant to  Mr.  Windrow  the  writer  had  active  charge  of  the 
work  herein  described.  The  McCall-Moore  Engineering 
Co.  of  Waco,  Tex.,  had  the  general  contract  for  the  bridge 
and  culvert  work,  which  included  the  bridges  discussed 
in  this  article,  with  the  exception  of  the  one  mentioned 
as  being  under  the  direct  supervision  of  the  engineer. 


SPECIAL    WOOD 


BLOCK    DESIGN 
FLOORS. 


FOR    MILL 


When  heavy  metal  products  are  piled  on  and  handled 
over  mill  floors  wood  block  construction  presents  marked 
merits.  In  the  four  illustrations  reproduced  here  are 
shown  wood  blocks  of  special  design  for  factory  floors. 
As  shown  all  blocks  are  laid  with  the  end  of  the  grain 


GROOVED  SLOCK 


LUG    BUOCK 


UG    BLOCK 


full  depth  in  the  direction  of  the  grain.  Grooved  blocks 
have  three  V-shaped  grooves  on  one  side  of  the  block  run- 
ning the  depth  of  the  block  in  the  direction  of  the  grain, 
breaking  the  continuity  of  the  largest  annual  rings.  Hex 
blocks  are  manufactured  from  air  seasoned  slow  growth, 
fine  grained  tamarack  logs,  hexagonal  in  shape;  are  either 
5  or  6  in.  across  the  face  and  vary  in  depth  from  2  to  3y2 
in.  The  blocks  for  any  one  job  are  made  of  uniform 
depth  and  width. 

Lug  or  hex  blocks  are  used  in  floors  where  there  will 
be  much  moisture.  Both  types  of  block  absorb  all  ex- 
pansion automatically,  eliminating  any  danger  of  the 
floor  bulging.  Either  hex  or  grooved  blocks  are  used 
where  there  is  much  dry  heat  and  where  there  is  a  tend- 
ency for  the  blocks  to  dry  out  and  shrink.  Hex  blocks 
are  suitable  for  such  places  because  they  are  manufac- 
tui-ed  from  all  heart  wood,  and  on  account  of  their  shape 
take  all  radial  contraction,  which  is  very  slight.  Grooved 
blocks,  because  of  the  three  V-shaped  grooves  on  one 
side  of  the  block,  breaking  the  continuity  of  the  largest 
annual  rings,  eliminate  shrinking,  acting  on  the  same 
principle  as  grooves  in  maple  or  oak  strip  flooring.  The 
manufacturers  are  the  Jennison-Wright  Co.,  Toledo,  Ohio. 


Wood    Blocks  for  Factory   Flooring. 

forming  the  wearing  surface.  All  blocks  are  sterilized 
and  preshrunk  and  are  given  the  kreolite  oil  treatment. 
In  other  respects  the  blocks  are  varied  to  suit  varying 
conditions  of  use.  The  lug  blocks  are  manufactured  with 
two  V-shaped  lugs  or  beads  on  one  side  and  one  on  the 
end.  These  lugs  extend  to  the  depth  of  the  block  in  the 
direction  of  the  grain.  The  end  lug  block  is  manufactured 
with   one   lug   on   one  end   of  each  block   extending  the 


A  SOIL  PRESSURE  MEASURING  DEVICE.* 

A  device  is  illustrated  which  can'  be  used  for  measuring 
earth  pressures,  the  pressure  of  concrete  against  forms 
and  the  pressure  of  grain  and  other  materials  in  bins.  A 
cast-iron  base  G  is  fitted  with  a  brass  diaphragm  J,  held 
in  place  by  the  annular  ring  C.  On  each  side  of  this 
diaphragm  are  disks,  A  and  B,  securely  and  rigidly  held 
together  by  means  of  Bakelite  cement  and  machine  screws, 
as  shown.  These  plates  have  an  annular  clearance  from 
the  ring  C  of  0.03  in.,  thus  allowing  only  a  small  annular 
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Device    for    Determining    Soil    Pressures. 

portion  of  the  diaphragm  J  to  be  the  flexible  element.  The 
diaphragm  H  serves  the  double  purpose  of  protection  and 
of  stiffening  the  plates  A  and  B  against  side  motion  and 
eccentric  loads.  In  the  base  G  is  placed  a  slightly 
crowned  support  F,  held  in  place  and  electrically  insu- 
lated from  the   base  bv  Bakelite  cement.     An  insulated 


♦Extract   from   a   paper  by  A.    T.    Goldbeck  and  E.   B.    Smith   before 
the    -American    Society    for   Testing    Ifaterials. 
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bell  wire  E  is  soldered  to  the  support  F,  and  passes  to 
the  outside  connections  through  the  Vs-in.  pipe  D. 

In  the  use  of  this  apparatus  the  cell  is  iDuried  in  the 
soil  to  the  required  depth,  and,  by  means  of  the  Vs-in.  pipe 
and  the  bell  wire,  is  connected  to  the  remote  control  and 
indicating  instruments.  Air  pressure  is  slowly  admitted 
from  a  compressed-air  supply  until  the  air  pressure  with- 
in the  cell  equilibrates  the  external  pressure  on  the  disk 
A,  and  causes  the  contact  between  disk  B  and  support  F 
to  be  broken,  as  indicated  by  an  ammeter  or  a  telephone 
receiver.  Very  careful  calibration  tests  have  demonstrat- 
ed the  reliability  of  the  instrument. 

It  is  intended  to  bury  a  number  of  these  cells  in  a  hori- 
zontal or  vertical  position  within  earth  fills,  the  piping 
from  each  cell  being  brought  to  some  convenient  position 
where  readings  may  be  taken  at  any  time.  One  set  of 
indicating  and  controlling  instruments  mounted  in  a  con- 
venient carrying  case  is  all  that  is  necessary  for  reading 
any  number  of  pressure  cells.  The  cost  of  each  cell  when 
made  in  lots  of  ten  should  be  about  $15,  and  the  cost  of 
one  complete  indicating  and  control  apparatus  without  a 
case  should  not  exceed  $40. 

There  are  a  number  of  uses  to  which  the  apparatus 
may  be  adapted  besides  that  of  measuring  earth  pressures. 
Thus,  the  pressure  of  concrete  in  forms  may  be  determined 
very  readily,  that  of  ensilage  in  silos,  the  pressure  of 
various  finely  divided  solids  in  bins,  and  that  of  any 
material  which  may  be  slightly  compressed  without  an 
appreciable  increase  in  the  pressure  exerted  against  the 
Instrument. 


EXPANSION   JOINT   CONSTRUCTION   FOR  CON- 
CRETE BRIDGE  RAILING. 

Contributud  b>'  Charles  ^^'.  Martin.  Engineer  Bridge  Division.  .St- 
Louis.  Mo. 

The  Columbia  Avenue  Bridge,  St.  Louis,  Mo.,  is  a  rein- 
forced concrete  structure  of  the  slab  and  stringer  type 
crossing  over  the  tracks  of  the  Missouri  Pacific  Ry.  At 
the  abutments,  the  stringers  of  the  end  spans  are  fur- 
nished with  cast  steel  shoes  and  bed  plates  which  were 
designed  to  take  care  of  movements  generated  by  tem- 
perature changes  in  the  deck.  The  sidewalks  on  each 
side  of  the  bridge  roadway  are  flanked  by  concrete  rail- 
ings.    Some  of  the  details  of  this  railing  are  novel. 

The  railing  was  made  as  a  system  of  pre-cast  unit  pan- 
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Expansion    Joint   for    Bridge    Railing. 

els  anchored  into  cast  in  place  posts.  Crushed  granite 
was  used  as  the  aggregate.  Each  panel  unit  consists  of 
longitudinally  reinforced  upper  and  lower  flanges  and  a 
vertically  reinforced  web  with  close-spaced  openings. 
The  panel  units  were  cast  flat  and  seasoned  near  the 
bridge.     When  two  days  old  they  were  turned  up  on  edge 


and  given  a  scrubbed  finish  with  acid.  They  were  pushed 
to  place  on  rollers  and  assembled  on  wedges.  The  post 
forms  were  then  built  about  their  ends. 

The  posts  at  one  end  of  each  of  the  four  railing  panels, 
which  span  over  the  expansion  joint  between  the  deck 
structure  and  the  abutment,  are  split  vertically  and  the 
bottom  of  the  movable  half  is  provided  with  a  curved 
base  sheathed  with  copper  which  slides  on  a  copper  base 
plate  anchored  to  the  sidewalk  slab.  A  detail  of  this  is 
shown  by  the  illustration. 

The  construction  of  these  split  posts  was  quite  simple. 
The  first  half  was  cast  about  the  end  of  the  panel  unit 
which  it  adjoined.  The  joint  surface  of  this  half  was 
then  coated  with  paraffine  and  the  movable  half  cast 
against  it.  When  seasoned  the  movable  half  and  the 
panel  unit  anchored  into  it  were  slid  forward  about  %  in. 
and  the  intermediate  posts  then  constructed.  The  bridge 
and  railing  were  built  under  the  direction  of  the  Bridge 
Division  of  the  President's  Department,  City  of  St.  Louis. 
E.  R.  Kinsey  is  President  of  the  Board  of  Public  Service, 
L.  R.  Bowen  is  Bridge  Engineer.  The  writer  designed 
the  structure  and  was  in  charge,  in  the  field,  of  the  con- 
struction. The  contract  price  for  the  railing  amounted 
to  $1.70  per  lin.  ft.,  including  the  posts.  At  that  price 
the  profit,  if  any,  was  small. 


TEST    OF     CONCRETE     FLOOR     I-BEAM     ROAD 
BRIDGE,    MINNESOTA     STANDARDS.* 

The  1913  session  of  the  Minnesota  State  Legislature 
changed  the  law  so  as  to  require  an  18-ft.  roadway  for 
practically  all  bridges,  and  a  law  was  also  passed  requir- 
ing that  all  bridges  built  after  the  passage  of  the  bill 
should  be  made  safe  for  a  twenty-ton  traction  engine  with 
three-fourths   of  the   load   on   one  axle. 
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Figs.  1   and  2 — Concrete   Floor  l-Beam   Road   Bridge. 

Before  revising  the  standard  plans  of  the  Highway 
Commission  it  was  necessary  to  determine  the  distribu- 
tion obtained  with  the  standard  concrete  floor  slabs. 

A  test  was  made  of  a  20-ft.  clear  span  16-ft.  roadway 

•From  the  July  Journal  of  the  Minnesota  State  Highway  Commis- 
sion. St.   Paul,  Minn. 
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bridge  having  six  lines  of  12-in.  I's  and  two  lines  of  12- 
in.  channels. 

The  floor  was  SH  in.  thick  at  the  center  and  4V2  in. 
thick  at  the  sides,  reinforced  with  '  i-in.  square  twisted 
bars  placed  transversely  and  spaced  6  in.  apart  with  three 
longitudinal  bars  of  the  same  kind  in  each  space  be- 
tween the  beams. 

Figure  1  sows  the  deflections  of  each  beam  with  the 
rear  wheels  of  the  traction  engine  at  the  middle  of  the 
span,  and  in  the  middle  of  the  roadway.  It  also  shows  the 
per  cent  of  the  total  load  which  was  carried  by  each  joist. 
Figure  2  gives  the  same  information  for  the  loading  w-ith 
the  traction  engine  over  against  the  curb,  and  at  the 
middle  of  the  span. 

The  test  showed  that  no  beam  carried  to  exceed  21.9 
per  cent  of  the  total  load  and  that  it  would  be  safe  to 
increase  the  roadway  to  18  ft.  without  adding  another 
joist,  as  the  load  w^ould  be  no  greater  and  the  joists  would 
only  be  S^-;  in.  farther  apart. 

This  has  resulted  in  quite  a  saving  in  cost  on  several 
hundred  bridges  for  which  we  have  furnished  plans  since 
the  test. 

It  will  be  noted  in  Fig.  2  that  the  third  joist  from  the 
left-hand  side  and  midway  between  the  wheels  did  not  de- 
flect as  much  as  those  on  each  side  of  it  giving  tension 
in  the  top  of  the  slab. 

The  tie  rods  between  the  outside  joists  in  the  new  stand- 
ard beam  spans  supplies  the  reinforcing  that  is  necessary 
in  the  top  of  the  slab  to  provide  for  this  tension. 

With  plank  floors  the  load  is  not  so  well  distributed,  and 
each  joist  has  to  be  capable  of  carrying  a  much  larger 
per  cent  of  the  load.  Consequently  the  same  size  joists 
are  necessary  under  a  wood  floor  as  under  a  concrete  floor 
even  though  the  planks  weigh  less  than  the  concrete  slab, 
and  as  the  spacing  would  be  too  great  if  the  joists  were 
more  than  2  ft.  apart,  with  a  plank  floor,  it  is  necessarj' 
to  use  one  extra  line  of  joist  when  the  roadway  is  in- 
creased to  18  ft.         , 


VITRIFIED    TILE    UNDERFLOOR    PROTECTION 
FOR  CONCRETE  BRIDGES. 

A  concrete  bridge  of  the  Boston  &  Albany  R.  R.  cross- 
ing the  tracks  of  the  New  York,  New  Haven  &  Hartford 
R.  R.  at  Worcester,  Mass.,  has  its  underfloor  surface  only 
3  ft.  above  the  stacks  of  locomotives  passing  underneath 
protected  by  vitrified  tile  facing.  The  tile  used  are  indi- 
cated by  the  illustration,  which  gives  all  essential  dimen- 
sions. Prepai'atory  to  using  this  facing  test  blocks  were 
made,  as  illustrated.     At  a  load  of  1,525  lb.  the  blocks 


Tile  Casing  for  Underfloor  of  Concrete   Bridge. 

broke  along  the  line  AA,  the  concrete  being  nine  days  old. 
While,  owing  to  the  location  of  the  rod  BE,  to  which 
the  load  was  hung,  the  test  was  not  a  true  determination 
of  the  adhesion  of  the  tile,  it  gave  a  sufficient  indication 
of  this  quality  to  demonstrate  that  tile  so  used  could  be 
depended  upon  to  remain  fast  under  normal  circum- 
stances. The  information  quoted  is  given  by  F.  B.  Free- 
man, Chief  Engineer,  Boston  &  Albany  R.  R.,  Boston, 
Mass. 
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FORMULA    FOR    MAXIMUM    MOMENT    IN    THE 
SIDE  WALLS  OF  BOX  CULVERTS. 

Contributed    by    Walter    S.    Todd.    Junior    Engineer,    Illinois    Highway 
Department.  Springfield,  III. 

The  following  approximate  formula  has  been  used  by 
the  Bureau  of  Bridges  of  the  Illinois  Highway  Depart- 
ment to  determine  the  maximum  moment  in  the  side  walls 
of  box  culverts  in  order  to  simplify  the  computation. 
It  is  assumed  that  the  horizontal  thrust  due  to  the  earth 
fill  is  equal  to  that  of  a  fluid  weighing  p  pounds  per  cubic 
foot.  The  wall  is  assumed  to  be  a  simple  vertical  beam 
with  a  span  equal  to  the  clearance,  hi  (Fig.  1). 

The  load  varies  uniformly  from  a  minimum  of  ph:  at 
the  upper  end  of  the  beam,  as  shown  by  cd,  to  a  maximum 
of  ph  at  the  lower  end,  as  shown  by  ae.     This  trapezoidal 
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Fig.  1. 

load  diagram  is  divided  into  the  rectangular  area  bcde, 
and  the  triangular  area  abc. 

If  Wi  is  equal  to  the  area  abc,  and  W:  is  equal  to  the 
area  bcde,  then  the  maximum  moment  due  to  the  former 
104 

is  equal  to  Wih.,  and  the  maximum  moment  due  to 

810 
1 
the  latter  is  -  W.  hi. 
8 

1  104 

Combining,  M  =  -  W:  hi  + Wi  h.. 

8  810 

phr 

W.  = ,  and  W.  =  ph.  h.. 

2 

Substituting  these  values  of  Wi  and  W-.  above  and 
reducing  to  inch-pounds, — 

1  104 

M  =  (-  ph=  hr)  12  -t-  ( ph.')  12. 

8  810 

2 

Simplifying,  M  =  (1.5  h.  -f  0.77  h.)  phi'  inch-pounds  with 
hi  and  h:  expressed  in  feet.  Using  a  value  of  15  pounds 
per  cubic  foot  for  p,  the  formula  becomes, — 

M  =  (22.5  hi  +  11.55  h.)  h,"  which  is  the  formula  used  in 
the  design  of  culverts  by  the  Bureau  of  Bridges.  Using 
a  value  of  21  pounds  per  cubic  foot  for  p,  the  formula  is 
M  =  (31.5  h=  4-  16.17  hi)  hr. 

The  results  obtained  by  the  use  of  this  formula  are 
slightly  in  excess  of  those  obtained  by  the  exact  method; 
but  in  the  majority  of  cases  met  in  the  design  of  highway 
culverts  these  results  do  not  exceed  the  exact  calculation 
by  more  than  1  per  cent.  The  clearance  seldom  exceeds 
12  ft.,  so  that  it  seems  logical  to  neglect  the  column  action 
due  to  the  weight  of  the  slab  and  the  earth  fill  above  the 
slab. 

This  formula  also  applies  to  the  vertical  beam  between 
the  footing  and  superstructure  in  the  abutment  walls  of 
slab  bridges. 


COST     OF     I-BEAM     HIGHWAY     BRIDGES     IN 
BOONE  COUNTY,  IOWA. 

Following  standard  plans  of  the  Iowa  State  Highway 
Commission,  there  have  been  built   and  are  under  con- 
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tract  in  Boone  County,  Iowa,  a  number  of  T-beam,  con- 
crete-floored bridges  of  interest.  The  drawings  present 
a  representative  structure  having  a  clear  span  of  32  ft., 
and  give  most  of  the  essential  details.  The  floor  slab 
is  6-in.  thick  and  its  bottom  is  1  in.  below  the  tops  of  the 
joists.     It  has,  as  will  be  noticed,  a  curb  at  each  side  to 


Highway    Bridge    Details.    Boone    County,    Iowa. 

hold  the  roadway  fill  of  gravel.  The  spaces  between  T- 
beams  over  the  abutments  are  filled  with  concrete  laid 
on  a  3-thickness  tar  paper  covering  of  the  abutment  top, 
this  construction  affording  an  expansion  joint.    The  costs 
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APPARATUS  AND  METHODS  USED  IN  MEASUR- 
ING THE  VIBRATIONS  IN  A  BUILDING.* 

The  owner  of  a  business  building  in  St.  Paul  recently 
asked  for  an  opinion  as  to  whether  the  installation  of  cer- 
tain machinery,  with  heavy  reciprocating  parts,  would 
cause  injurious  vibration.  The  building  in  question  is 
about  100x140  ft.  in  plan  and  seven  stories  high.  It  is  of 
substantial,  reinforced  concrete  construction,  designed  for 
warehouse  loads.  To  predict,  by  calculation,  what  the  vi- 
brations would  amount  to  in  such  a  building  is  impossible. 
The  conditions  are  too  complex.  Taking  into  considera- 
tion the  small  mass  of  the  machines,  as  compared  to  that 
of  the  building,  it  seemed  safe  to  expect  that  internal  fric- 
tion in  an  elastic  structure  of  this  character  would  con- 
vert sufficient  energy  into  heat  to  prevent  the  vibrations 
from  reaching  a  dangerous  magnitude.  Upon  this  basis, 
an  opinion  favorable  to  the  installation  was  given. 

Shortly  after  the  plant  was  put  in  operation  there  was 
complaint  of  excessive  vibration.  "The  building  is  sway- 
ing pretty  near  an  inch";  "It  shook  some  work  off  of  a 
lathe";  "The  water  tower  on  the  roof  is  swaying  like  a 
palm  leaf  fan  at  a  circus";  and  many  other  such  comments 
were  reported.  Opposed  to  such  statements,  the  mere 
opinion  of  an  engineer  could  have  no  force;  therefore 
some  sort  of  measurements  must  be  made. 

After  considering  several  possible  devices,  the  idea  for 
apparatus  No.  1  (see  Fig.  1)  as  shown  was  adopted  as 
offering  the  fewest  difficulties  in  construction,  and  conse- 
quently the  smallest  probability  of  error  in  the  results. 
The  apparatus  is  built  in  a  cigar  box  and  consists  of  a 
small  pendulum  suspended  from  a  notch  in  the  beveled 
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Figs.    1    and   2.     Apparatus   for    IVleasuring    Vibrations    in    Building. 

of  several  bridges  of  this  type  are  given  by  County  En-  end  of  a  No.  8  wire.     This  bevel  and  notch  locates  the 

gineer  J.  A.  Illman,  Boone,,  Iowa,  as  follows:  point  of  suspension  of  the  pendulum  at  the  lower  end  of 

Cost.  the  wire,  or  .0643  in.  from  its  center.     A  portion  of  the 

25-ft.  I-beam.  22H  ft.  clear  span.  18-ft.  roadway $i.2G9.i:  wire  is  bent  to  the  right,  forming  a  lever  about  7  in.  long. 

f2-4V.l!ram=:'3l  ft.  clear  l^ln!  ir.ft.  TaS. 1 1 1 •.•.■.•. 1 1 ;•.•. :  "^^^  ^Vhen  the  end  of  this  lever  (at  6.43-in.  radius)   is  moved 

34H-ft.  i-heam.  32  ft.  clear  span,  is-ft.  roadway 2.049.on  0.1   in.,  the  point  of  suspension   of  the  pendulum  moves 

f&.  J:S;  i?  f^^-  tZ  s^an!  JUt.-  roadwav; :::::; ;;::;::  Voh.oo  O-OOl  in.     The  motion  of  the  lever  can  be  gaged  by  the 

The  first  three  items  were  put  in  bv  the  countv's  bridge  ^«=^!f.  '^°^""-    .i^''J^i°'"  '"^^'^'"^,  V?^  length  and  one  for 

„,„„   ,     .                1.1     ii.       i.1.      i.1       ■              J     ■         X  reading  the  width  of  the  swing  of  the  pendulum  are  also 

crew  last  year,  while  the  other  three  are  under  construe-  provided 

tion  now.     The  last  three  ^ere  let  by  contract  and  the  The  apparatus  was  attached  to  a  column  in  the  building, 

price  shown  was  the  contract  bid.     The  prices  do  not  in- 

elude  niline  *Paper  by  p.   E.   Stevens.  Consulting  Engineer,   In  Bulletin  of  the 

^         *■■  Civil  Engineers'  Society  of  St.  Paul. 
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where  a  measurement  was  desired,  and  the  pendulum  was 
adjusted  in  length  so  that  it  had  the  same  number  of  vibra- 
tions per  minute  as  the  building.  It  would  then  respond 
to  the  motion  of  the  building,  and  when  it  appeared  to 
have  reached  a  definite,  unvarying  swing,  the  amplitude 
and  length  were  recorded.  A  number  of  observations  of 
this  kind  were  taken  covering  a  total  time  of  about  15 
hours.  The  apparatus  was  then  attached  to  a  motionless 
support.  The  pendulum  was  given  a  good  start  and  a 
count  was  made  of  the  number  of  swings  required  for  it 
to  lose  one  division  of  the  scale  in  deflection  at  the  ampli- 
tude of  each  observation  at  the  building.  By  a  simple 
proportion  the  amplitude  lost  in  each  beat  (half  vibration) 
could  be  figured.  This  was  the  amount  of  the  motion 
added  in  each  beat,  by  the  building,  to  maintain  the  swing 
noted.  Following  is  the  record  and  calculation  of  the 
maximum  observed  motion: 

OBSERVATION  NO.   S. 
At  Building. 

Machines   running    4 

Frequency    93      per  minute 

Pendulum     10.2  cm.  long- 
Swing  read  at .IS  cm.  radius 

Amplitude  of  swing 3.8  cm. 

At  Office. 
Subsides  from  4.0  cm.  to  3.8  cm.  in.  19  vibrations 
Subsides  from  3.S  cm.  to  3.6  cm.  in  21  vibrations 

Average  of  10  counts 20  vibrations 

To  lose  2  mm.   in  amplitude,   or  1  mm.   in  amplitude  in  20 

beats     0.0394  in. 

1  mm.   -H  20  =  0.00197  in. 

0.00197  in.  at  5.S  radius  is  0.0063  in.  at  10.2  radius. 

Therefore  0.0063  in.  is  amplitude  of  motion  added  each  beat,  or  the 
amplitude  of  vibration  of  building. 

With  these  calculated  vibrations  as  a  guide,  the  lever 
was  then  operated  so  as  to  reproduce  the  motion  of  the 
building  at  the  point  of  suspension  of  the  pendulum.  The 
swinging  of  the  pendulum  thus  induced  corresponded 
fairly  well  with  that  observed  at  the  building.  Moving  the 
lever  by  hand,  however,  was  not  very  satisfactory,  and  in 
order  to  get  real  corroboration  of  the  calculated  amplitude 
of  vibration,  apparatus  No.  2  (see  Fig.  2)  was  made.  A 
pendulum,  with  an  adjustable  bob  of  about  2  lb.  weight, 
has  an  arm  extending  to  the  right  from  its  upper  end.  Pins 
on  the  arm  engage  the  lever  of  apparatus  No.  1  and  com- 
municate to  it  the  motion  of  the  heavy  pendulum.  By 
this  means  the  point  of  suspension  of  the  small  pendulum 
can  be  given  a  motion  agreeing  exactly  with  the  calcu- 
lated swaying  of  the  building.  Using  apparatus  No.  2 
in  this  way  the  vibrations  of  the  building,  as  calculated 
from  observations  with  apparatus  No.  1,  were  checked 
exactly. 

Incidentally,  it  was  found  that  a  swaying  motion  of 
0.002  in.,  with  a  frequency  of  96  vibrations  to  the  minute, 
could  be  plainly  felt,  and  that  0.006  in.  gave  a  decided 
sensation  of  dizziness  to  an  experienced  bridge  climber. 

The  purpose  of  these  experiments,  namely,  to  obtain 
definite  facts  bearing  upon  the  safety  of  the  building,  was 
very  satisfactorily  served  by  this  apparatus.  These  facts 
refuted  the  statements  of  those  who  accepted  the  testi- 
mony of  human  sense  and  exaggerated  it,  and  they  enabled 
the  engineer  to  give  an  opinion,  supported  by  figures,  to 
show  that,  in  the  present  circumstances,  the  owner  has 
nothing  to  fear  for  the  safety  of  his  building. 


A  3-MILE  CAUSEWAY. 


ENGINEERING 
AND      CONTRACTING 

tion.  It  will  have  stringers  in  the  area  occupied  by  the 
electric  railway  track.  This  portion  provides  for  a  side- 
walk 6  ft.  wide,  two  curbs  and  gutters,  a  20-ft.  roadway 
and  an  electric  railway  track.  Klyce  &  Kackley,  Real  Es- 
tate Bldg.,  Miami,  Fla.,  are  the  engineers. 


A  17,000-ft.  causeway  is  proposed  for  connecting  the 
city  of  Miami,  Fla.,  and  the  town  of  Miami  Beach  by 
spanning  Biscayne  Bay.  An  election  to  vote  on  a  bond 
issue  for  the  carrying  out  'of  this  improvement  was  held 
on  Aug.  22. 

The  causeway  will  consist  of  approximately  12,800  ft. 
of  solid  fill  and  4,500  ft.  of  concrete  pile  trestle  construc- 
tion with  two  moveable  bridges  of  the  bascule  type.  The 
causeway  portion  consists  of  solid  sand  fill,  with  stone 
rip-rap  protection  for  the  side  slopes  and  proyides  for  a 
6-ft.  concrete  side  walk,  two  curbs  and  gutters,  a  40-ft. 
roadway  of  oiled  macadam  and  an  electric  railway  track, 
together  with  suitable  parking  space  on  each  side  of  the 
roadway.    It  has  an  over  all  width  of  105  ft.  on  top. 

The  viaduct  portion  will  be  of  concrete  pile  trestle  con- 
struction with  reinforced  concrete  caps,  stringers,  floor- 
slab,  and  with  permanent  pavement  in  the  highway  por- 


PERSONALS. 

H.  P.  Kerr  has  been  apoointt-d  city  engineer  of  Tillamook,  Ore , 
succeeding  Ross  !Shre\  e.  who  resigned  .recently. 

G.  X.  Wood,  formerly  assistant  city  engineer  of  Douglas,  .Vriz.,  and 
more  recently  city  engineer  of  Chanute,  Kan.,  has  been  appointed  city 
engineer  of  Douglas,  Ariz. 

Legare  Keith  has  been  appointed  city  engineer  of  Columbia,  S.  C, 
succeeding  John  ilcXeal,  who  resigned  recently.  F.  C.  W'vse,  for- 
merly superintendent  of  water  works,  was  elected  assistant"city  en- 
gineer. 

George  H.  Blakeley,  who  was  recently  elected  president  of  the 
Bethlehem  Steel  Bridge  So.,  a  subsidiary  company  of  the  Bethlehem 
Steel  Co..  is  a  graduate  of  Rutgers'  College,  class  of  18S4.  He  was 
engineer  of  the  Riverside  Bridge  Co..  Paterson,  N.  J.,  from  1S87  to 
1888,  and  assistant  engineer.  E'rie  Railroad.  18SS  to  1890,  in  charge  of 
bridge  construction.  In  1890  he  became  chief  engineer.  Passaic  Rolling 
Jlill  Co.,  Paterson,  N.  J.,  at  that  time  well  known  builders  of  bridges, 
and  continued  in  this  position  until  1905.  From  1902  to  1905  he  was 
also  constructing  engineer  for  the  Passaic  company  as  well  as  struc- 
tural engineer.  In  1908  Mr.  Blakeley  became  manager  of  structural 
steel  sales  of  the  Bethlehem  Steel  Co.  He  is  a  director  of  the  com- 
pany, in  charge  of  its  structural  steel  interests,  and  which,  bv  the 
acquisition  of  Pennsylvania  Steel  Co..  now  include  the  bridge  business 
of  the  latter.  He  will  retain  his  present  position  with  the  Bethlehem 
Steel  Co.  in  addition  to  his  connection  with  the  bridge  company. 

OBITUARY. 

Peter  S.  Gibson,  a  veteran  land  surveyor  and  civil  engineer  of 
Ontario,  died  Aug:.  6,  at  his  home  in  Willowdale,  a  suburb  of  Toronto. 

James  E.  P.  Fitzpatrick.  superintendent  of  construction  of  the 
government  dam  on  the  Mississippi  River  near  Fort  Snelling,  Minn., 
died  Aug.  6  from  injuries  sustained  v\hen  an  automobile  which  he  was 
driving  turned  turtle  and  went  over  an  embankment. 

A.  B.  Stickney,  formerly  president  of  the  Chicago,  Great  Western 
Railway,  died  August  9,  at  his  home  in  St.  Paul.  Minn.,  after  an  ill- 
ness of  one  week.  Mr.  Stickney  was  born  at  AVilton.  Me.,  in  1840  and 
entered  railway  service  in  1S71.  He  was  connected  first  with  the  St. 
Paul.  Stillwater  &  Taylor's  Falls  Railway,  serving  as  vice-president 
and  general  manager,  attorney,  etc.  He  later  was  superintendent  of 
construction  for  the  St.  Paul.  Minneapolis  &  Manitoba  Railway;  from 
ISSO  to  ISSI  he  was  general  superintendent  of  Canadian  Pacific  Rail- 
way; from  18S1  to  1SS2  he  was  vice-president  of  the  Jlinneapolis  & 
St.  Louis  Railway.  He  also  about  this  lime  built  the  Minnesota  Cei>- 
tral  Railway.  In  1SS4  he  became  president  of  the  Minnesota  &  North- 
western Railway  and  continued  in  this  position  until  consolidation 
with  the  Chicago,  St.  Paul  &  Kansas  City  Railway,  when  he  became 
president  of  the  latter  road,  holding  that  office  until  1S90.  From  this 
year  until  1S92  he  was  chairman  of  the  board  of  directors,  and  from 
iS92  to  January,  190:S.  chairman  of  the  board  of  directors  of  the  re- 
organized company  of  the  Chicago,  Great  Western  Railway.  From 
1894  to  1900  he  was  president  of  this  road  and  from  January,  1908,  to 
1909  receiver. 


NEW  CATALOGS. 

Paints. — Paper;  5  in.  x  8  in. ;  32  pp.     Toch  Bros.,  New  York. 

This  book  is  intended  for  architects,  engineers,  contractors  and  the 
men  who  pay  the  bills.  It  describes  the  uses  of  the  various  "R.  I. 
W."  preservative  paints  and  compounds  manufactured  by  Toch  Bros. 
Methods  of  application  are  given,  as  \\-ell  as  specifications. 

Overhead  Carrying  Devices. — Paper:  6  in.  x  9  in.;  4S  pp.  New 
Jersey  Foundry  &   ^lachine  Co.,    New   York. 

Catalogue  SS.  issued  recently  by  this  company,  describes  and  illus- 
trates the  various  lines  of  hand  and  electric  cranes,  monorails,  trolleys, 
hoists,  etc.  Ten  pages  of  the  catalogue  are  given  up  to  illustrations 
showing  interesting  installations.  Numerous  tables  of  capacities, 
speeds,  safe  loads,  etc.,   are  gi\en. 

Pumps. — Paper:  6  in.  x  9  in.;  S  pp.  The  Pelton  Water  Wheel  Co., 
San  Francisco,  Cal. 

This  is  Bulletin  No  9.  It  illustrates  and  describes  the  Doble  cen- 
trifugal pump.  This  pump  has  many  interesting  features,  the  most 
notable  perhaps  being  the  line  diffusion  system  of  the  volute. 

Concrete  IVIixers. — Paper;  S  in.  x  11  in.;  24  pp.  Ideal  Concrete  Ma- 
chinery Co..   Cincinnati,  O. 

Describes  and  illustrates  the  5.  7.  10  and  14-ft.  capacit.v  batch 
mixers  manufactured  by  this  company.  Specifications  and  prices  are 
given.  One  important  feature  of  these  mixers  is  their  flexil>ly  Inmg 
roller  bearings,  which  prevent  binding  that  might  result  from  spring- 
ing or  twisting  of  the  mixer  frame  due  to  uneven  ground. 

Expanded  Metal.— Paper;  6  in.  x  S  in.;  16  pp.  Northwestern  Ex- 
panded  Metal   Co.,    Chicago,   111. 

This  is  the  July  number  of  Expanded  Metal  Construction,  a  monthly 
publication  of  this  company.  The  first  ten  pages  of  the  issue  are 
devjted  to  a  description  of  small  stucco  houses.  Numerous  illustra- 
tions of  this  type  of  construction  are  given. 

Condensing  Plants,  Drill  Sharpeners,  Compressors. — Paper;  6  in.  x 
9  in.     InsersoU-Rand  Co..  11   Broadway.  New  Y'ork. 

The  IngersoU-Rand  Co.  has  issued  recently  three  new  bulletins,  as 
follows: 

Form  9024 — 32  pp.,  0x9.  on  Steam  Condensing  Plants — Beyer  Baro- 
metric Tvpe.  This  catalog  describes  the  fundamental  principles  of 
steam  condensing  plants  in  minute  detail  and  makes  comparisons  of 
the  Bever  barometric  condenser  as  against  low  level  jet  condensers 
and  surface  condensers.  All  auxiliary  apparatus,  such  as  vacuuni 
pumps  and  centrifugal  water  pumps  are  illustrated  and  described  in 
detail.  .  ,  

Form  4122 — 24  pp.,  Cx9.  describes  the  I.R.  Model  Leyner  drill  sharp- 
ener To  those  interested  in  properly  formed  and  sharpened  bits 
this  bulletin  will  be  of  timely  interest,  as  It  explains  and  illustrates 
the  sharpener  in  detail  and  shows  the  various  styles  of  bits. 

Form  3133 — -S  pp..  0x9,  describes  ths  Imperial  •■XPV"  Duplex  steam 
driven  compressors  produced  to  meet  a  universal  demand  for  a  steam- 
driv.>n  air  compressor  desi.aned  and  constructed  to  operate  satisfac- 
lorilv  under  "high  pressures"  and  "superheaf  as  well  as  under  "or- 
dinarv  steam"  conditions.  Catalog  shows  the  various  sizes  and  capac- 
ities and  explains  In  detail  the  operation  of  the  "Imperial  piston 
valve. 
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ANNOUNCEMENT    OF    THE    SURVEYING    AND 
DRAFTING   QUARTERLY  ISSUES  OF  EN- 
GINEERING   AND    CONTRACTING. 

When  it  is  remembered  that  almost  every  civil  engineer 
is  interested  in  surveying  or  drafting,  either  as  a  manipu- 
lator of  instruments  himself  or  as  a  director  of  other 
engineers  who  measure,  stake  out  or  draft  engineering 
works,  it  is  rather  remarkable  that  there  has  been  no 
periodical  like  the  one  of  which  this  issue  is  a  forerunner. 

We  think  that  we  have  at  last  found  a  solution  of  the 
problem  that  will  meet  the  approval  both  of  .subscribers 
and  of  advertisers.  In  brief  it  is  this:  Four  times  a  year, 
in  the  months  having  five  Wednesdays,  the  articles  in  the 
fifth  issue  of  Engineering  and  Contracting  will  be  de- 
voted to  sur\'eying,  drafting  and  engineering  office  man- 
agement. There  will  be  the  regular  construction  news 
items  in  this  fifth  issue  as  every  one  of  the  52  issues  of 
year.  Hence  it  follows  that  our  contractor  readers  will 
find  this  fifth  issue  as  essential  as  any  other,  because  of 
its  news,  and  many  of  them  will  gain  valuable  information 
from  its  articles  on  the  measuring  and  staking  out  ex- 
cavation, blue  printing,  drafting,  etc. 

The  articles  in  this  Surveying  and  Drafting  Quarterly 
will  appeal  to  nearly  every  civil  engineer,  and  the  appeal, 
we  believe,  will  be  stronger  because  the  articles  are 
bunched  in  four  issues  than  has  been  the  case  when  they 
were  scattered  through  52  issues  of  the  year. 

Each  of  thtse  pages  of  articles  in  this  issue  would 
fill  more  than  four  pages  of  text  book  size,  so  that  the 
four  issues  during  a  year  will  give  the  reader  the  equiva- 
lent of  a  400-page  book  on  surveying,  drafting  and  engi- 
neering oflice  system.  There  will  be  a  few  readers,  per- 
haps, who  will  subscribe  only  for  this  quarterly,  and  pay 
for  it  at  25  ct.  a  year.  But  the  vast  majority  will  take 
this  quarterly  either  as  part  of  a  yearly  subscription  for 
the  52  issues  at  $3,  or  in  combination  with  one  or  more 
of  the  one  dollar  monthly  issues,  the  names  of  which 
appear  on  the  front  cover. 

Sur\-eying  and  drafting  are  basic  subjects  in  everj' 
college  course  in  civil  engineering,  and  rightly  so,  for 
probably  more  than  half  the  graduates  of  civil  engineer- 
ing colleges  spend  their  first  j^ears  as  surveyors  or  drafts- 
men. A  very  large  percentage  of  all  civil  engineers  spend 
a  portion  of  their  time  every  year  in  surveying  and  draft- 
ing. There  is,  then,  no  lack  of  interest  in  this  branch  of 
engineering  practice.  Are  there  enough  changes  and 
improvements  in  the  art  to  warrant  publishing  the  equiva- 
lent of  a  400-page  book  yearly?  We  are  satisfied  that 
there  are.  But  even  if  there  were  not,  it  is  a  fact  that  a 
vast  amount  of  excellent  information  previously  pub- 
lished is  virtually  beyond  the  reach  of  most  engineers, 
since  it  lies  catacombed  in  the  transactions  of  engineering 
societies.  We  purpose  reprinting  the  best  papers  that 
have  appeared  in  past  years,  and  thus  bringing  them 
within  the  reach  of  all  engineers.  This  alone  would 
make  the  Surveying  and  Drafting  Quarterly  of  great 
value  to  every  civil  engineer,  but  we  shall  not  confine  our 
effort  to  presenting  material  that  is  old  in  point  of 
original  publication,  though  new  to  the  eyes  of  most  of 
our  subscribers.  We  plan  to  secure  contributed  articles 
as  to  the  latest  developments  in  the  measurement,  and 
calculation  of  quantities,  in  the  staking  out  of  work,  and 
in    sketching,    photographing    aiTd    drafting    structures. 


Added  to  this  we  shall  give  collateral  development  of 
new  systems  of  engineering  office  system  and  management. 
Even  to  enumerate  these  features  that  this  Surveying 
and  Drafting  Quarterly  will  cover,  should  suffice  to  indi- 
cate that  it  will  mark  a  new  departure  in  civil  engineering 
journalism. 


ILLY  REWARDED  GOVERNMENT  BUREAUS. 

Few  bureaus  of  the  Federal  service  are  more  penur- 
iously  treated  than  those  devoted  to  topographic  map- 
ping, triangulation  and  precise  leveling  of  our  territory. 
Many  of  these  bureaus  are  working  with  an  appropria- 
tion that  a  forehanded  Congressman  would  feel  down- 
cast in  securing  for  a  prairie  to^vn  post  office.  And  yet 
there  are  few  Federal  bureaus  that  are  performing  a 
more  fruitful  labor.  Sometimes  one  wonders  whether 
engineers  realize  how  much  work  of  direct  utility  to 
them  is  being  done  in  precise  leveling  and  triangulation 
by  the  Coast  and  Geoditic  Survey.  Do  they  realize  that 
a  vast  volume  of  this  painstaking  recording  of  funda- 
mental geographic  positions  and  elevations  is  going  on 
in  the  interior  states?  We  sincerely  trust  that  such  is 
the  case.  And  the  topographic  mapping  of  the  Geological 
Survey  is  another  service  for  engineers  of  even  more 
in;mediate  utility.  Rarely,  however,  in  recounting  their 
worK  do  engineers  pay  tribute  by  acknowledgment  to 
such  aid  as  they  may  obtain  from  these  surveys.  This 
is  not  want  of  appreciation;  it  is  merely  the  human  habit 
of  ignoring  customary  service.  Provision  of  exact 
topographic  maps  by  the  Geological  Survey  of  the  coun- 
try through  which  the  engineer's  railway  or  line  of  aque- 
duct is  to  run  is  accepted  by  the  engineer  without 
thought  of  remark  much  as  the  average  city  dweller  ac- 
cepts the  customary  flow  of  water  from  his  bathroom  tap 
without  mental  slir.  It  is  in  the  same  hahit  of  mind  that 
the  engineer  comes  to  act  as  if  these  bureaus  functioned 
without  advantitious  aid.  No  one  knows  so  well  as 
the  engineer  that  precise  detaiied  sur\e\in.T  costs  money. 
No  one  can  importune  Congress  with  such  force  as  can 
the  engineer  for  ad.^quate  financial  support  of  these  bu- 
reaus. If  the  cnijineer  doubts  i.hat  their  financial  sup- 
port is  not  adequate  let  him  read  the  latest  annual  re- 
ports of  either  of  the  bureaus  which  "nave  been  named. 
We  remaiked  above  that  engineers  are  too  often  care- 
less in  citing  the  aid  received  by  them  from  the  Geologi- 
cal Survey  topographical  maps.  As  an  example  of  the 
opposite  course  we  quote  from  the  record  of  the  Catskill 
Aqueduct  prepared  by  Mr.  Lazarus  White: 

The  first  location  studies  were  made  on  the  United  States  Geologi- 
cal maps.  These  maps,  drawn  to  a  scale  of  about  a  mile  to  an  inch 
with  20-ft.  contours,  are  accurate  enough  for  general  locations,  and 
have  the  great  advantage  over  larger  maps  that  they  give  a  birdseye 
view  of  the  whole  country,  enabling  the  plotting  of  alternate  loca- 
tions and  the  computation  of  their  relative  costs.  Were  it  not  for 
these  maps,  great  stretches  of  the  countrj-  would  have  had  to  be  sur- 
veyed, broadcast,  before  any  definite  idea  as  to  the  best  place  to  put 
the  aqueduct  could  have  been  obtained.  This  would  have  meant  eithr 
many  years  mere  of  work  on  the  preliminary  locations  with  a  great 
expenditure  for  surveys,  or,  more  likely,  due  to  the  limited  time,  the 
selection  of  a  route  much  more  costly  to  construct  than  the  one 
adopted.  This  is  shown  by  the  Hudson  crossing.  After  considerable 
work  had  been  done  on  the  location  of  a  crossing  at  New  Hamburg  an 
extended  study  of  the  country  west  of  the  Hudson,  as  shown  on  the 
geological  maps,  revealed  the  possibility  of  an  entirely  different  route 
with  IfiVi  miles  of  inexpensive  cut-and-cover  as  opposed  to  much  more 
costly  work  on  both  sides  of  the  river  at  New  Hamburg,  and  showed 
that  a  much  better  crossing  could  be  obtained  in  the  neighborhood  of 
.^torm  King,  at  an  estimated  saving  of  about  $2,000,000.     It  was  found 
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that  nothing  paid  as  well  as  plotting  on  the  geological  maps  as  many 
possible  locations  as  could  be  conceived,  making  rough  comparisons 
of  their  relative  costs.  From  these  many  locations  a  few  of  the  most 
favorable  lines  were  selected  to  be  thoroughly  studied  on  the  ground. 

Another  reason  for  this  quotation  lies  in  the  fact  that 
it  presents  an  example  of  special  saving  in  the  cost  of 
engineering  work  through  the  aid  received  by  one  of 
our  Federal  survey  services.  These  Surveys  are  in  need 
of  greater  appropriations  to  extend  their  vs-ork  and  en- 
gineers personally  and  through  their  organized  associa- 
tions should  exert  influence  toward  securing  these  ap- 
propriations. , 


FORTY-FIVE  THOUSAND  DRAFTSMEN  AND  DE- 
SIGNERS AND  FIFTY-TWO  THOUSAND  CIVIL 
ENGINEERS  AND  SURVEYORS  IN  1910. 

In  our  issue  of  Aug.  16  we  gave  the  number  of  engi- 
neers of  different  classes  in  America  in  1910,  and  the 
number  of  engineering  students.  It  is  interesting  to 
note  that  in  addition  to  the  52,033  "civil  engineers  and 
surveyors,"  there  were  33,314  draftsmen,  11,788  design- 
ers and  2,347  inventors,  according  to  the  U.  S.  Census 
for  1910.  The  census  for  1900  gave  20,153  civil  engi- 
neers, 6,034  surveyors  and  18,956  "draftsmen,  design- 
ers and  inventors,"  from  which  we  see  that  the  num- 
bers of  each  class  had  more  than  doubled  in  ten  years. 

If  the  same  rate  of  increase  has  occurred  during  the 
last  six  years,  there  are  now  fully  70,000  draftsmen  and 
designers  in  America.  What  percentage  of  these  are 
engaged  in  civil  engineering  work  is  jiot  known,  but  the 
percentage  doubtless  exceeds  30  and  is  probably 
nearer  40. 

The  1910  census  does  not  segregate  surveyors  from 
civil  engineers,  as  does  the  1900  census.  Since  the  1900 
census  shows  that  about  23  per  cent  of  these  two  classes 
were  surveyors,  it  may  be  inferred  that  fully  12,000  of 
the  52,033  in  1910  were  surveyors.  The  number  of  sur- 
veyors in  1916  probably  falls  not  far  short  of  20,000. 
So,  if  there  are  28,000  civil  engineering  draftsmen  and 
designers  and  20,000  surveyors,  the  present  total  of  these 
two  is  about  48,000. 

If  in  1910  there  were  40,000  civil  engineers,  in  addi- 
tion to  12,000  surveyors,  and  if  the  number  be  increased 
at  as  rapid  a  rate  during  the  past  six  years  as  during 
the  previous  ten  years,  there  are  now  approximately 
60,000  civil  engineers.  Summing  up,  then,  there  now  are 
more  than  100,000  civil  engineers,  surveyors  and  civil 
engineering  draftsmen  in  America. 

How  many  contractors  for  civil  engineering  construc- 
tion there  are  is  not  known.  In  1910  the  census  gave 
174,422  'builders  and  building  contractors."  Probably 
25  per  cent  of  these  were  contractors  for  works  designed 
by  civil  engineers,  or,  say,  40,000  engineering  contrac- 
tors. The  number  in  1916  would  therefore  exceed  50- 
000. 

The  three  leading  civil  engineering  and  contracting 
papers  have  a  combined  circulation  not  much  in  excess 
of  50,000,  from  which  it  may  be  inferred  that  not  one 
in  three  of  the  total  number  of  civil  engineers,  survey- 
ors, civil  engineering  draftsmen  and  designers  and  en- 
gineering contractors  subscribes  for  any  one  of  these 
three  leading  papers. 

The  American  Society  of  Civil  Engineers  has  a  mem- 
bership of  about  8,000,  or  less  than  one-sixth  the  com- 
bined subscription  list  of  the  three  leading  civil  engi- 
neering papers.  This  interesting  fact  gives  some  con- 
ception of  the  possibility  of  further  growth  in  the  mem- 
bership of  this  great  society.  It  also  indicates,  we  be- 
lieve, a  very  large  field  for  the  development  of  other 
societies  of  a  civil  engineering  nature,  such,  for  exam- 
ple, as  a  society  of  structural  engineers. 


ENGINEERING 
AND      CONTRACTING 

word  in  the  bulkiest  issue  of  an  engineering  periodical? 
There  is,  we  believe,  more  of  ignorance  than  of  laziness 
in  the  excuse:  "I  am  too  busy  to  read  engineering  pa- 
pers." 

Time  yourself  and  you  will  find  that,  reading  delib- 
erately, you  will  go  through  one  of  these  large  pages  in 
five  minutes.  You  can,  therefore,  readily  read  24  pages 
of  these  articles  in  two  hours.  If,  then,  you  were  to 
schedule  20  minutes  a  day  for  the  reading  of  Engineer- 
ing and  Contracting  you  could  read  every  article  that 
we  publish  during  the  year,  and  in  doing  so,  you  would 
miss  little  of  consequence  relating  to  progress  in  the 
civil  engineering  world. 

It  is  a  curious  fact,  and  one  upon  which  comment  is 
seldom  heard,  that  young  men  freshly  graduated  from 
engineering  colleges  so  frequently  give  up  all  serious, 
methodical  study  of  engineering.  We  have  seen  evi- 
dence often  that  this  is  so,  and  so  often  as  we  have  seen 
it  there  has  risen  a  question  whether  engineering  col- 
leges are  defective  in  their  methods  of  training  students 
or  whether  human  nature,  through  innate  perversity, 
rebels  at  daily  study,  however  short  the  study  period 
may  be  and  however  great  its  ultimate  fruitage. 

At  times  we  have  wondered  whether  civil  engineers 
in  general, take  the  gloomy  view  that  their  incomes  will 
not  increase  with  increase  in  their  personal  efficiency. 
There  is  many  an  engineer,  it  is  sadly  true,  who  ma- 
tures in  knowledge  and  skill  as  he  matures  in  years  with- 
out securing  an  increase  in  income  at  all  proportionate 
to  his  increased  efficiency.  Yet  these  are  often  the  very 
men  who  prove  the  rule  by  being  exceptions  to  it;  they 
are  apt  to  be  the  continuous  students. 

Without  at  this  time  reviewing  all  our  reasons  for 
the  opinion  we  hold,  we  may  say  that  we  believe  that 
few  engineering  colleges  grind  into  a  young  man's  men- 
tal fibre  enough  of  the  salt  of  real  knowledge.  They  fail 
to  develop  the  habit  of  perpetual  search  for  greater 
efficiency.  The  average  boy  enters  his  engineering 
course  with  an  undue  reverence  for  ability  to  pass 
"exams,"  and  he  is  fortunate  indeed  if  he  finishes  his 
course  with  less  respect  for  that  ability  and  a  far  greater 
regard  for  aptitude  at  and  inclination  for  the  search 
for  usable  facts. 

It  has  become  the  fashion  of  late  years  to  say  that 
the  primary  object  of  an  engineering  course  is  to  teach 
students  how  to  I'eason.  Yet,  taking  them  at  their  word, 
how  many  engineering  teachers  prescribe  courses  in 
logic,  the  science  of  reasoning?  Important  as  it  is  to 
teach  the  principles  of  correct  reasoning,  there  is  some- 
thing of  greater  importance  in  the  training  of  men.  We 
refer  to  the  formation  of  habits.  Among  all  the  help- 
ful habits  none  exceeds  in  value  the  habit  of  search  and 
research — of  investigation  of  nature  at  first  hand  and 
of  investigating  the  investigations  that  others  have  made. 
It  is  this  latter  habit  that  we  are  now  discussing,  the 
habit  of  reading  and  studying  the  usable  facts  that  other 
men  have  recorded  in  the  technical  press. 

But  when  this  sort  of  study  is  urged  upon  the  busy 
engineer — and  what  one  among  us  does  not  think  him- 
self busy? — the  common  excuse  is:  "I  am  too  busy  to 
read."  Are  you?  Seriously  ask  yourself:  Am  I?  If 
you  are,  then  you  have  cut  off  almost  every  road  to  fur- 
ther knowledge  and  power  save  such  narrow  pathways  as 
you  may  laboriously  hack  for  yourself,  unaided,  through 
the  jungle  of  ignorance. 


"I  AM  TOO  BUSY  TO  READ." 

How  many  busy  men  find  excuse  for  their  failure  to 
read  engineering  papers  by  saying  that  they  are  too  busy 
to  read?  How  many  of  these  ultra-busy  people  have 
ever  calculated  the  length  of  time  it  takes  to  read  every 


THE  DISAPPEARANCE  OF  "SURVEYORS'  FROM 

STATE  SOCIETIES  OF  ENGINEERS 

AND  SURVEYORS. 

One  of  the  most  serviceable  classes  of  associations  of 
engineers  is  the  State  Society.  Illinois,  Michigan,  Ohio, 
Connecticut,  Idaho  and  a  score  of  other  states'  societies 
of  men  engaged  in  engineering  work  have  long  records 
of  very  remarkable  work  to  their  credit.  Twenty  or 
twenty-five  years  ago  large  numbers  of  the  members  of 
these  societies  were  surveyors.  The  word  "surveyors" 
was  a  part  of  the  name  of  many  state  societies.     In  recent 
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years  this  word  has  been  dropped  from  the  society  name 
in  a  number  of  instances.  Where  it  is  still  retained  it 
possesses  only  nominal  importance.  The  work  and  inter- 
ests of  the  "surveyor"  have  been  subordinated  to  that  of 
the  "engineer"  in  all  of  our  state  societies.  It  is  per- 
haps logical  and  proper  that  this  should  be  so.  The  sur- 
veyor members  were  land  surveyors  and  land  surveying 
in  most  of  our  more  developed  states  has  ceased  to  be 
of  the  prominence  that  it  once  was.  The  greater  part  of 
the  surveying  required  nowadays  is  in  connection  with 
engineering  construction  and  is  an  incidental  part  of 
such  construction.  In  the  total  of  the  engineering  work 
the  item  of  surveying  rarely  is  important  enough  to  be 
given  detailed  analysis  and  discussion. 

Despite  all  the  logic  of  its  reason  one  who  knew  the 
older  days  when  surveyors  played  a  leading  role  in  state 
society  meetings  and  discussions  must  in  a  measure 
regret  their  disappearance.  They  were  men  of  special 
skill.  They  were  the  pioneers  of  engineering.  Their  work 
was  performed  under  the  stern  conditions  of  unpopulated 
country.  They  were  rugged  in  body  and  character.  They 
came  to  the  annual  meetings  of  their  state  society  with 
a  fresh  enthusiasm  that  was  almost  inspiring  to  the 
jaded  engineer  member  from  town  and  city.  They  were 
good  men  and  they  have  gone,  but  surveying  is  yet  the 
pioneer  task  of  all  civil  engineering  and  it  should  have 
attention  in  the  work  of  the  societies  which  in  many  in- 
stances owe  their  being  to  the  land  surveyors  of  a  gen- 
eration now  nearly  passed. 

The  secretaries  of  our  state  societies  have  always  a 
puzzling  task  to  secure  novelty  in  the  society's  annual 
program  of  papers  and  discussions.  Let  them  for  the 
coming  winter's  conventions  devote  a  large  share  of  this 
program  to  papers  and  discussions  on  surveying.  This 
subject  has  been  so  long  neglected  that  it  would  seem 
almost  new  to  the  members.  It  is  a  subject  which  every 
member  can  discuss.  It  is  a  subject,  a  knowledge  of 
which  must  precede  all  engineering  design  and  construc- 
tion. 


HOW  A 


MERE  SURVEYOR"  MAY  IMPRESS  THE 
PUBLIC. 


Gradually  it  is  dawning  upon  engineers  that  if  they 
would  gain  greater  respect  for  their  scientific  knowledge 
they  must  use  "publicity  methods"  to  acquaint  people 
in  general  with  what  the  term  engineer  really  signifies. 
That  a  civil  engineer  is  a  surveyor  most  men  know,  but 
how  much  more  than  a  surveyor  he  may  be  is  less  well 
understood.  Yet  to  be  "merely  a  surveyor"  is  not  so 
mean  an  accomplishment  as  many  of  our  "highbrow" 
engineers  imply  when  they  mate  the  word  "merely"  to 
the  word   "sui^veyor.'' 

Perhaps  the  majority  of  civil  engineers  begin  their 
careers  either  as  "mere  surveyors"  or  as  draftsmen. 
And  if  the  truth  were  told,  even  the  most  eminent  and 
highly  remunerated  experts  in  the  civil  engineering  pro- 
fession would  admit  that  their  early  years  of  surveying 
called  for  as  much  initiative  and  hard  work  as  their 
later  years  of  "experting."  Also  they  would  acknowl- 
edge having  experienced  quite  as  keen  a  thrill  of  satis- 
faction at  having  seen  the  headings  of  a  tunnel  meet 
as  at  having  finished  the  design  of  a  great  bridge. 

The  surveyor  comes  more  often  in  contact  with  the 
public  than  does  the  designer  of  engineering  structures, 
and  he  has  a  better  opportunity,  therefore,  to  impress 
directly  upon  the  public  mind  what  it  means  to  be  an 
engineer.  The  writer  recalls  an  incident  that  serves 
to  illustrate  how  respect  for  engineering  knowledge  may 
be  instilled  into  "practical  men"  who  often  entertain 
an  only  half-concealed  contempt  for  engineering  theory. 

A  survey  for  road  improvement  was  being  made  under 
the  writer's  direction,  under  the  "road  viewers'  "  direc- 
tion. The  "road  viewers"  were  three  farmers  whose  offi- 
cial capacity  gave  them  power  to  select  an  engineer  and 
to  locate  and  build  roads  in  their  "road  district."  The 
writer,  fresh  from  an  engineering  college  and  doubtless 
verv    verdent    in    the   eyes   of  the   old    "road    viewers," 
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had  been  hired  to  be  the  instrumental  "Poobah"  and 
lord  high  manipulator  of  the  pencil  and  reckoning  sticks. 
A.s  for  the  rest,  the  "road  viewers"  were  that.  They 
knew  exactly  where  the  road  should  be  relocated,  where 
it  should  remain  as  it  was,  what  it  should  be  surfaced 
with,  and  how  it  should  be  drained — for  they  were  very 
"practical  men." 

The  writer  deemed  it  wise  not  to  contest  their  plans 
and  ideas  until  he  could  somewhat  overwhelm  them  with 
evidence  of  their  lack  of  technical  knowledge.  He  ran 
a  stadia  traverse  survey  along  the  old  road,  taking  ele- 
vations of  all  abrupt  changes  in  profile  slope,  and  run- 
ning a  few  hand-level  cross-sections  at  intervals  into  the 
woods  on  each  side  of  the  road.  The  use  of  the  stadia 
itself  proved  to  be  the  first  means  of  arousing  a  little 
respect  for  the  surveyor's  art,  for  to  measure  distances 
by  squinting  through  a  telescope  at  a  rod  was  new  to 
the  "road  viewers."  Purposely  the  writer  did  not  ex- 
plain to  them  how  simple  the  stadia  process  is,  for  his 
primary  object  was  to  gain  from  his  employers  respect 
for  engineering  as  a  science.  The  speed  of  the  work 
and  the  smallness  of  the  gang  pleased  the  "viewers"  not 
a  little,  for  the  $5  per  diem  that  the  engineer  was  get- 
ting seemed  to  them  a  veritable  hold-up,  particularly  so 
in  view  of  the  verdancy  of  the  highwayman. 

Five  miles  of  traverse  were  run  in  a  day,  calculations 
and  plot  made  that  night,  and  a  cutoff  survey  line  started 
at  7  a.  m.  next  morning  through  the  woods.  Those  were 
Washington  woods,  and  whoever  has  surveyod  along 
Puget  Sound  needs  be  told  no  more.  It  meant  strenuous 
work  to  cut  a  line  half  a  mile  a  day.  The  "road  view- 
ers" being  skilled  axmen,  and  anxious  to  earn  their  per 
diem  also,  sweated  at  the  task  and  at  noon  held  a  con- 
vention at  which  it  was  duly  moved,  seconded  and  unani- 
mously carried  that  the  new  road  should  not  go  where 
the  engineer  was  locating  it.  The  engineer  assured 
them  that  he  was  not  sure  but  that  they  were  right.  He 
couldn't  tell  until  he  had  finished  that  line,  which  was 
to  be  half  a  mile  long  and  would  come  out  of  the  woods 
at  the  creek  where  the  bridge  was. 

"So,  you  don't  know  yourself  what  you  are  running 
this  line  for?" 

"I  didn't  say  that.  I  mean  that  it  is  a  trial  location 
and  may  have  to  be  changed." 

"Well,  that  being  so,  we  have  decided  to  save  half  a 
day  of  your  time  and  change  it  now.  We  are  going  to 
have  the  new  road  follow  the  old  road." 

"If  you  do  that  before  I  have  finished  this  line,  my 
friends,  you'll  have  to  hire  a  new  engineer.  If  there  is 
anything  that  I  know  at  all,  it  is  how  and  where  to  lo- 
cate a  road.  Why  did  you  hire  me  if  you  know  more 
than  I  do  about  surveying?" 

"That's  where  you  are  wrong,  engineer.  We  know 
where  to  put  the  road.  What  we  hired  you  for  is  to 
measure  it  out  and  figure  the  cost." 

"And  that  is  exactly  what  I  am  doing,  for  the  cost  de- 
pends on  v/here  the  road  is  located.  This  line  that  I  am 
running  will  save  a  quarter  of  a  mile  of  distance  and 
will  eliminate  the  climb  over  a  high  hill.  Go  back  and 
see  how  level  the  ground  is  for  th^  last  quarter  of  a 
mile." 

Just  then  a  train  passed  and  the  screech  of  its  whistle 
made  it  seem  nearer  than  it  was.  One  of  the  "viewers" 
remarked  sotto  voce  that  he'd  bet  the  line  we  were  sur- 
veying would  cross  the  railroad  track  before  it  reached 
the  old  road. 

"If  you  really  think  so  and  like  to  bet,  I  will  wager 
you  that  this  line  I  am  running  will  strike  within  2  ft. 
of  the  peg  we  drove  yesterday  in  the  road  at  the  creek." 

The  "viewer"  was  game,  so  we  bet  the  beers  for  the 
crowd  on  the  outcome  of  the  line.  Late  in  the  afternoon 
we  broke  through  the  woods  into  the  road  clearing  at 
the  creek.  The  writer,  standing  on  a  great  fallen  tree 
on  which  his  transit  was  mounted,  could  see  through 
his  telescope  the  guard  stake  one  foot  to  the  left  of  the 
"hub"  that  he  had  wagered  to  strike  within  2  ft.  The 
rodman  raised  his  "flag"  and  the  writer  began  to  wave 
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him  into  line.  As  a  fact  the  vertical  hair  cut  a  point 
about  a  foot  away  from  the  "hub,"  but,  as  the  position 
of  the  "hub"  was  known  to  the  writer  because  he  could 
see  the  guard  stake,  he  decided  to  do  some  "really  fine 
work."  Accordingly,  he  waved  the  reluctant  rodman 
— who  was  the  "viewer"  who  had  bet  the  beer — back  and 
forth  until  the  "hub"  was  almost  exactly  on  line  between 
the  rod  and  the  transit.  Then  the  O.K.  wave  with  both 
arms  akimbo  was  given.  Instantly  a  shout  of  laughter 
went  up. 

"The  beers  are  on  you,  Jim.  Guess  you'll  not  bet 
against  an  engineer's  own  game  again." 

To  some  engineers  it  may  seem  strange  that  so  simple 
an  event  could  have  had  any  far  reaching  effect.  But 
the  story  of  the  engineer's  "wonderful  precision"  went 
abroad,  and  it  not  only  led  him  to  get  a  great  many  jobs 
in  that  county,  but  it  served  effectively  to  give  a  greater 
confidence  in  what  an  engineer  can  do.  Particularly 
were  the  three  "road  viewers"  impressed  when  a  few 
weeks  later  the  new  cutoff  road  was  cleared  and  graded, 
for  they  could  then  see  for  themselves  its  superiority 
over  the  old  roadway. 

Twenty  odd  years  later  the  writer  rode  in  an  automo- 
bile over  that  road  and  called  on  the  only  one  of  the 
three  old  "road  viewers"   still   living.     He   said: 

,  "Many's  the  time  I  have  told  how  Jim  lost  the  beers 
on  his  bet  with  you.  I  guess  everyone  hereabouts  has 
heard  of  it.  What's  more,  they  all  say  that  there's  no 
better  road  in  the  county  today  than  the  one  you  and 
we  laid  out — gad,  it's  so  long  ago  I  want  to  ferget  the 
years." 


WHO  INVENTED  BLUEPRINTING? 

Would  not  the  teaching  of  every  engineering  subject 
be  more  effective  if  biography  were  made  part  of  the 
technical  text?  To  learn  that  Sir  John  Herschel,  for 
example,  invented  blueprinting  in  1840  arouses  interest 
in  that  process  of  sun  printing.  That  an  astronomer 
should  study  chemistry  and  invent  a  method  of  pho- 
tographing on  paper,  and  that  this  method  should  be  used 
to  this  day,  the  world  over,  by  engineers,  is  a  fact  of  the 
sort  that  arrests  an  engineering  student's  attention. 
Half  the  battle  is  won  by  the  teacher  who  can  interest 
his  students.  What  means  of  arousing  interest  is  so 
certain  in  its  efficacy  as  telling  about  the  origin  and  the 
originators  of  tools  and  processes?  Let  us  have  more  of 
the  authorship  methods  of  Samuel  Smiles,  whose  "Self 
Help,"  "Lives  of  the  Engineers"  and  other  works  teem 
with  human   interest. 


EDITORIAL  PARAGRAPHS. 

That  the  census  for  1910  shows  a  total  of  45,000 
"draftsmen  and  designers"  will  surprise  many  engineers, 
but  it  will  surprise  few  draftsmen  who  were  forced  to 
look  for  positions  two  years  ago  when  the  war  caused  so 
many  engineering  firms  to  reduce  their  staff.  To  a  man 
seeking  a  drafting  position  then  it  often  seemed  that 
the  remaining  44,999  of  his  clan  were  after  the  same 
job. 


The  first  summer  school  of  surveying  was  the  one 
started  by  Prof.  Henry  S.  Munroe,  of  Columbia  Univer- 
sity. Our  recollection  is  that  the  summer  course  was 
made  part  of  the  regular  engineering  courses  of  Co- 
lumbia about  40  years  ago.  Many  other  engineering  col- 
leges have  adopted  Prof.  Munroe's  plan  of  giving  stu- 
dents training  in  surveying  during  the  summer  months 
that  would  otherwise  be  given  up  to  vacation. 


Had  there  been  a  draftsman's  union  it  doubtless  would 
have  opposed  the  introduction  of  the  blueprint  process. 
Today  a  blueprint  is  almost  symbolic  of  drafting.  The 
very  fact  that  many  replicas  of  an  original  drawing  can 
be  speedily  and  cheaply  made  accounts,  in  large  meas- 
ure, for  the  large  number  of  those  who  earn  a  livelihood 
by  wielding  a  right-line  pen. 


ENGINEERING 
AND      CONTRACTING 

THE   GURLEY    EXPLORERS  ALIDADE. 

The  plain  table  alidade  has  "evoluted"  within  a  period 
remembered  by  not  very  old  surveyors  from  a  blade  with 
two  slotted  sight  standards  to  a  telescopic  alidade  not 
much  less  a  precise  and  complex  mechanism  than  a  theod- 
olite. The  illustrations  show  one  of  the  latest  and  most 
finished  of  these  recent  plane  table  alidades.  At  first 
glance  its  only  pronouncedly  novel  feature  is  the  elbow 
eye  piece,  and  this  is  its  chief  novelty.  One  of  the  most 
fatiguing  tasks  in  plane  table  surveying  is  that  of  fre- 
quently craning  the  neck  to  obtain  horizontal  sights 
through  the  alidade  telescope.  The  elbow  eye  piece  ob- 
viates this  awkward  sighting  position  and  increases  speed 
and  decreases  labor  to  a  noticeable  degree.  As  the  in- 
strument stands  pictured  it  has  a  graduated  blade,  a 
Beaman  stadia  arc,  a  circular  level  and  a  trough  compass 


Plane  Table  Alldale  with    Elbow   Eye   Piece  and    Beaman    Stadia   Arc. 

besides  the  usual  striding  level  and  other  fittings.  As 
an  instrument  for  oil  and  gas  land  prospectors,  geologists 
and  topographic  surveying  generally  it  is  a  notably  com- 
plete instrument.  While  the  elbow  eye  piece  is  the  nov- 
elty, the  characteristic  feature  is  the  Beaman  stadia  arc. 
The  makers  are  W.  &  L.  E.  Gurley,  Troy,  N.  Y. 


A    SIMPLE    METHOD    OF    SECURING    APPROX- 
IMATE HORIZONTAL  DISTANCES. 

A  method  of  approximating  horizontal  distances  is 
described  by  G.   F.   Schlesinger  as  follows: 

The  method,  in  brief,  consists  of  turning  off  a  horizon- 
tal angle  of  1"  9'  with  the  transit,  and  then  measuring  the 
distance  between  the  first  and  last  pointings  at  the  ex- 
tremity of  the  course  whose  length  is  to  be  determined. 
This  distance  in  hundredths  of  a  foot,  divided  by  2,  will 
be  the  actual  distance -in  feet;  depending,  of  course,  on 
the  fact  that  the  sine  (or  tangent)  of  1°  9'  is  0.02  (ap- 
proximately). 

The  angle  of  34'  may  be  used,  in  which  case  the  divi- 
sion by  2  is  .not  necessary  and  the  "spread"  is  one-half; 
but  the  approximation  will  be  greater.  The  error  due  to 
the  approximation  using  the  angle  1°  9'  is  1  in  290,  and, 
even  in  view  of  other  inaccuracies,  the  results  will  be 
sufficiently  close  for  certain  classes  of  work. 

By  means  of  this  method,  remarkable  progress  can  be 
made  in  determining  small  drainage  areas  by  running  an 
angle  line  around  the  divide;  or,  in  some  cases,  by  "side 
shots"  from  some  central  point  or  points  within  the 
area. 


A  u  t;-  u  s  t  3  0,  1  y  1  (.. 
\-oirX  L\   I.    No.  9 

The  party  is  composed  of  two  men  equipped  with  a 
plain  transit,  sight  rod,  metallic  tape  and  ordinary  chain- 
ing pin.  The  rodman  selects  the  points  ahead  and  the 
transitman  takes  the  magnetic  bearings  of  the  courses 
(when  practicable),  then  sets  off  the  horizontal  angle  for 
lining  in  the  rodman  for  the  second  pointing.  The  rod- 
man,  having  inserted  the  pin,  holding  the  ring  at  the  end 
of  the  tape,  at  the  first  point,  measures  the  distance  to  the 
second.  After  marking  the  first  point  so  that  it  may  be 
readily  found  by  the  transitman,  he  then  proceeds  to  the 
selection  of  the  next  station,  while  the  transitman 
moves  up. 

The  following  points  can  be  made  for  this  means  of 
approximating  horizontal  distances:  It  permits  the  use 
of  the  plain  transit  reading  to  minutes  with  the  ordinary 
cross  wires,  requires  no  stadia  or  level  rod,  no  reduction 
to  the  horizontal,  and  longer  courses  can  be  taken  than 
by  the  stadia  or  gradienter  method.  The  transitman  is 
not  limited  by  the  distance  at  which  he  can  distinguish 
figures  on  a  rod,  but  by  the  distance  at  which  he  can 
clearly  see  a  sight  rod. 


AN    INSTRUMENT    TABLE    FOR    TUNNEL    SUR- 
VEYING,  MILWAUKEE   CITY   ENGINEER'S 
DEPARTMENT. 

An  instrument  table  which  permits  line  and  grade  to 
be  given  without  interference  with  mucking  opera- 
tions has  been  developed  by  the  City  Engineer's  Office 
of  Jlilwaukee,  Wis.,  a^id  is  illustrated  by  the  accompany- 
ing drawings.  The  shore  tunnel  of  the  Linwood  Ave. 
intake  in  which  this  device  is  being  used  has  a  concrete 
lining  which  is  kept  completed  close  to  the  excavation, 
and  the  spoil  track  is  carried  on  a  timber  platform  span- 
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gineer,  Linwood  Avenue  Intake  System,  Milwaukee,  Wis. 
Mr.  Geo.  F.  Staal  is  city  engineer  of  Milwaukee. 


METHODS    AND    COST    OF    MAKING    A    SNOW 
SURVEY  FOR  IRRIGATION  SYSTEM. 

C'oiitiiliiiti'd  by  F.  T.  Cummlngs,   Engineer,  Rock  Creek  Conservation 
Co.,  Rock  Rlvfci,  Wyo. 

A  survey  to  determine  the  amount  of  snow  and  its 
moisture  content,  lying  on  the  Sand  Lake  Drainage  Area, 
was  made  on  May  5  and  6,  li)16,  by  the  Engineering  De- 
partment of  the  Rock  Creek  Conservation  Co.  Thi.s.  com- 
pany, of  which  Frank  C.  Rosier  of  Carlisle,  Pa.,  is  Presi- 
dent, is  engaged  in  the  irrigation  of  some  80,00(y  acres 
of  land  in  the  vicinity  of  Rock  River,  Wyo. 

The  area  surveyed  is  that  which  is  drained  by  Sand 
Lake,  one  of  the  numerous  lakes  lying  at  the  foot  of  the 
Snowy  Range  of  the  Rocky  Mountains.  Sand  Lake  is 
the  site  of  one  of  the  reservoirs  comprising  a  part  of 
the  company's  system.  The  survey  was  made  in  co-opera- 
tion with  the  local  office  of  the  U.  S.  Weather  Bureau  at 
Cheyenne,   Wyo. 

Description  of  Data. — The  map,  which  is  on  a  scale  of 
1  in.  =  1,000  ft.,  is  an  enlargement  from  the  general  map 
of  the  Medicine  Bow  National  Forest,  published  by  the 
U.  S.  Forest  Service.  The  enlargement  was  made  by  the 
method  of  similar  squares.  The  topography,  area  cov- 
ered by  timber,  parks,  etc.,  and  the  location  of  the 
streams,  are  taken  from  this  map.  The  boundary  of  the 
drainage  area  and  that  of  the  lake  and  of  the  high  water 
line  of  the  proposed  reservoir  are  from  surveys  made 
by  the  engineers  of  the  company.  The  points  at  which 
snow  measurements  were  taken  were  located  by  transit 
and  stadia  during  the  summer  of  1915.    These  points  are 
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Tunnel    Instrument   Table,    Linwood    Avenue    Tunnel,    Milwaukee,    Wis. 


ning  the  hollow  of  the  invert  of  this  lining.  This  timber 
track  platform  is  not  a  stable  base  on  which  to  set  in- 
struments :  moreover,  instruments  set  on  this  platform 
interfere  with  the  spoil  cars.  By  means  of  the  instru- 
ment table  illustrated  a  .stable  and  easily  adjustable 
mounting  is  had  for  either  transit  or  level  and  one  which 
spans  the  tunnel  high  enough  up  to  permit  spoil  cars  to 
pass  underneath. 

The  main  structural  features  and  dimensions  and  the 
method  of  mounting  the  table  are  shown  by  the  drawings. 
It  will  be  n'.rticed  that  the  oak  beam  or  table  proper  slides 
between  two  parallel  rods  whose  ends  set  into  the  tunnel 
sides.  On  this  board  is  fastened  a  standard  screw  head 
such  as  surmounts  the  regulation  tripod.  Attached  to 
the  board  and  passing  through  a  fixed  cross-head  on  the 
bars  is  an  adjusting  screw  or  lateral  shifting  rod,  by 
which  the  board  and  therefore  the  instrument  can  be 
minutely  adjusted  laterally  of  the  tunnel.  On  the  tripod 
head  is  screwed  a  Berger  cross-slide  head  by  which  the 
instrument  can  be  shifted  longitudinally  of  the  tunnel 
sufficiently  to  obtain  accurate  centering  under  a  plumb 
bob  suspended  from  the  roof  plugs. 

Information  from  which  this  description  has  been  pre- 
pared was  furnished  by  Mr.  .L.  G.  Warren,  Resident  En- 


marked  by  small  signboards  on  which  is  painted  the  num- 
ber of  the  point  and  which  are  nailed  to  nearby  trees. 

Table  I  gives  the  data  taken  in  the  field  at  each  point 
and  also  shows  the  general  slope  of  the  country  in  the 
vicinity  of  each  point  and  the  distribution  of  the  dif- 
ferent readings  according  to  slopes. 

Table  II  shows  the  distribution  of  the  data  according 
to  contours  of  100  ft.  interval  and  according  to  area  cov- 
ered by  timber,  parks,  etc. 

Table  III  gives  a  summary  of  the  daily  snowfall  for 
the  season.  During  September  some  snow  fell,  but  as  it 
did  not  remain  on  the  ground  it  has  no  relation  with  the 
data  obtained  from  the  snow  survey.  The  data  given 
in  the  table  is  that  obtained  by  the  observer  of  the  co- 
operative weather  bureau  which  is  maintained  by  the 
company  in  conjunction  with  the  U.  S.  Department  of 
Agriculture.  Three  of  these  stations  are  maintained  by 
the  company,  one  at  Rock  River,  one  at  Arlington,  about 
18  miles  southwest,  and  the  third  at  Sand  Lake,  about  35 
miles  southwest  of  Rock  River.  At  these  stations  the 
daily  maximum  and  minimum  thermometer  readings  are 
recorded  and  also  the  daily  precipitation  is  measured  by 
the  standard  rain  gage  and  tube,  the  instruments  being 
furnished  by  the  Government. 
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TACLE.I.— SAND  LAKE  SNOW  SURVEY.     SXOW  READINGS. 

Point       Depth  of  Moist., 

No          snow.  in.  In.  %  moist.                     Slope  facing. 

1  66  23.2  35  South. 

2  57  20.9  37  South. 

3  60  25.7  43  Southeast. 

4  70  26.2  37  East. 

5  33  12.5  38  East. 

6  56  20.0  36  East. 

7  23  8.5  37  East. 

8  77  22.9  30  South. 

9  43  14.9  35  Southeast. 

10  0  0.0  0  East   (on  Windy  Hill). 

11  75  28.8  38  North. 

12  71  26.3  37  Northwest. 

13  34  13.9  41  Northeast. 

14  26  13.4  52  Northeast. 

15  56  23.2  41  Northeast. 

16  47  18.S  40  Northeast. 

17  79  25.4  32  Northwest. 

19  71  24.7  35  Northwest. 

20  •  73  23.9  33  Northwest. 

21  75  26.8  36  Northwest. 
23  42  14.7  35  North. 

■>4  31  9.6  31  North. 

40  56  21,8  39  South. 

41  77  2S.2  37  South. 

42  48  22.7  47  Southeast. 

43  48  21.6  45  Southeast. 

44  61  25.8  42  East. 

45  27  14.2  53  East. 

45  ^  43  25.4  35  Southeast. 

46*  29  13.0  45  Northeast. 

47  55  22.0  40  North. 

48  40  11.5  29  Northwest. 

49  76  20.9  28  Northwest. 

50  66  21.6  33  Northwest. 

51  84  28.1  33  Northwest. 

52  33  13.0  39  Level. 

53  41  16.0  39  Level. 

54  58  24.0  41  Level. 

55  48  19.2  40  Level. 

56  59  30.1  51  Level. 

57  34  14.6  47  North. 
5S  66  20.1  30  North. 

59  71  23. S  34  North. 

60  76  •        29.2  38  North. 

61  39  14.5  37  North. 

62  43  18.4  43  Southeast. 

63  38  13.0  34  Northwest. 
63A  83  22.4  27  Northwest. 

64  29  13.0  45  Southeast. 

65  33  11.7  36  Northeast. 

66  43  IS.O  42  Level. 

70  91  30.4  33  Northwest. 

71  48  30.2  41  Northwest. 

72  23  9.5  63  North. 

73  39  11.6  30  North. 

74  74  25.4  34  Northwest. 

75  48  19.5  41  Northwest. 

76  71  22.5  32  Northeast. 

77  63  27.4  43  East. 

78  59  22.9  39  East. 

79  61  23.3  38  East. 

80  42  18.4  44                  North. 

81  39  12.6  32  East. 
81A  73  26.4  36  North. 
81B  30  11.2  37  North. 

52.8  19.9  37.7  Average. 

DISTRIBUTION— SNOW   READINGS   ACCORDING   TO   SLOPES. 
No.  of 
readings  , Average > 

Slope  averaged.             Depth.                    Moisture. 

Iv^orth  16                47.4  inches                17.4  inches 

Northeast  5                46.  S  inches                 18.4  inches 

East     11                44.7  inches                17.6  inches 

Southeast  7                 44.9  inches                20.2  inches 

South  5                 66.6  inches                 23.4  inches 

Northwest      12                 67.8  inches                 23.3  inches 

Level   (lake)          6                 47.0  inches                 20.1  inches 


Table  IV  gives  the  semi-monthly  readings  at  the  Sand. 
Lake  snow  stake.  These  stakes  are  about  2  in.  square 
and  7  ft.  high  and  have  an  iron  point  so  they  can  be 
firmly  set  in  the  ground  and  let  remain. 

They  are  marked  in  inches  and  are  supposed  to  be  so 
located  as  to  give  the  average  depth  of  the  snow  in  the 
vicinity.  Six  of  these  stakes  are  placed  within  a  radius 
of  seven  miles  of  Sand  Lake  and  their  readings  are  taken 
semi-monthly  by  the  observer  stationed,  at  the  lake.  He 
notes  the  depth  of  the  snow  as  shown  by  the  stake  and 
then  determines  its  moisture  content  by  means  of  the 
density  tube  and  scale.  The  data  obtained  is  sent  to 
the  local  office  of  the  Weather  Bureau  at  Cheyenne  and 
also  to  the  local  office  of  the  Forest  Service  at  Laramie. 
This  data  is  useful  in  giving  an  idea  of  the  amount  of 
snow  in  comparison  with  previous  years  and  also  of  the 
amount  of  water  to  be  expected  during  the  following 
season. 

Computations. — The  areas  used  in  computing  Table  II 
were  taken  from  the  map  by  planimeter,  five  readings  of 
each  area  being  taken  and  averaged.  In  selecting  the 
points  to  be  used  for  the  different  areas  not  only  those 
were  used  which  were  taken  immediately  within  the  area, 
but  others  taken  near  by  were  used,  it  being  considered 
that  a  better  average  was  thus  obtained.  The  points  to 
be  used  having  been  assembled,  the  average  is  obtained 
and  this  quantity  is  used  in  computing  the  acre-feet  of 


Total  area. 
Contour.  in  acres. 

10120    56 

10120-200    225 

10;;00-300    238 

10300-400    436 

10400-500    '. .        375 

10500-600    323 

10600-700    130 

10700-800    143 

Totals   1,926 
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Area 

Ac.  feet 
moisture 
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Burn. 

56 

87 

40 
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93 
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253 

111 

11 

640 

222 

101 

537 

90 

40 

229 

45 

9S 

216 

978 


875 


3.251 


TABLE  III.— SNOWFALL  AT  SAND  Lu\KE,  OCT.,   1915,   TO  APRIL. 


1916    (INCLUSIVE). 

Moisture 

Snowfall  content. 

Month.                                          in  inches.  in  inches. 

Oct.,       1915 24.50  2.99 

Nov.,     1915 CT.7.1  4.7S 

Dec,      1915 44.25  3.47 

Jan.,      1916 55.00  4.07 

Feb.,      1916 75.50  5.84 

Mar..     1916 34.25  2.89 

April,    191C 33.50  2.41 

Totals    334.75  26.45 


moist. 
12 


Inches 

of  snow 

per  inch  of 

moisture. 

8 
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14 
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TABLE  IV.— SEMI-MONTHLY  READINGS  AT 

STAKE. 

Depth 
of  snow. 
Date.  in  inches. 

Nov.    19,1915 19.00 

Dec.       3,  1915 30.00 

Dec.    17,  1915 34.00 

Jan.       1,  1916 45.00 

Jan.     14,1916 59.00 

Jan.     31,1916 57.00 

Feb.     15,  1916 70.00 

Feb.     29,  1916 73.00 

Mar.    15,  1916 76.00  " 

Mar.    31,  1S16 SO.OO 

April  15,  1916 75,00 

April  30,  1916 66,00 

May    15,1916 48,00 


S.4ND  LAKE  SNOW 


Moisture 
content, 
in  inches, 

3,9 

6.0 

6.7 
10.6 
12.8 
13.0 
16.6 
18.5 
17.2 
21.1 
23.3 
24.7 
19.6 


70 

moisture. 
21 
20 
20 
24 
22 
23 
24 
23 
23 
26 
31 
37 
40 


moisture  contained  within  the  given  area.  The  sum- 
mary of  Table  II  shows  that  the  total  area  of  the  drain- 
age basin  is  1,926  acres,  from  which  a  total  run-off  of 
3,251  acre  feet  may  be  expected.  That  extreme  nicety 
of  calculations  are  not  necessary  is  shown  by  comput- 
ing the  run-off  from  the  data  given  in  Table  I.    From  this 


•  S/70tv  Reading 
oPark 
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®Burn 


Fig.    1 — Map    of    Snow    Survey. 

table  the  average  inches  of  moisture  over  the  whole  area 
is  19.9,  and  19.9  divided  by  12  and  multiplied  by  1,926 
gives  3,194  acre  feet,  compared  with  3,251  acre  feet  as 
given  by  Table  II,  a  difference  too  slight  to  be  considered. 
Method  of  Making  Su^^•ey. — The  survey  was  made  by 
a  party  of  two.  The  equipment  carried  consisted  of  the 
density  tube  and  scale,  alpine  staflf,  compass  and  a  long- 
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handled  shovel.  The  compass  was  used  where  side  shots 
were  desired.  The  end  of  the  shovel  was  pointed  so  a.s 
to  serve  as  a  Jacob  staff  for  the  compass. 

The  density  tube  is  a  galvanized  iron  tube  2%  in.  in 
diameter  and  50  in.  long,  with  a  saw  tooth  cutting  edge 
at  one  end.  A  brass  strip  graduated  in  inches  is  riveted 
to  the  side  of  the  tube.  The  scale  is  of  aluminum  and  is 
graduated  to  read  inches  of  water  instead  of  pounds 
weight.  The  alpine  staff  is  a  staff  about  7  ft.  long,  hav- 
ing a  sharp  iron  point  at  one  end  and  a  hook  at  the  other 
end. 

The  operation  of  making  a  density  measurement  is  as 
follows:  The  alpine  staff  is  stuck  in  the  snow  in  an  in- 
clined position,  the  scale  is  then  hung  on  the  hook  and 
the  empty  tube  is  weighed.  The  tube  is  then  shoved 
down  into  the  snow  until  the  ground  is  reached,  twisted 
around  a  few  times,  withdrawn  with  its  core  of  snow  and 
weighed.  The  weight  of  the  empty  tube  subtracted  from 
this  latter  weight  gives  the  weight  of  the  snow  expressed 
in  inches  of  water.  Care  must  be  taken  after  each  weigh- 
ing that  the  pointer  of  the  scale  returns  to  its  zero  read- 
ing. 

Cost. — The  cost  of  such  a  survey  depends  to  a  great  e.x- 


Fig.  2 — View  Showing  Snow  Scale  Outfit. 

tent  upon  local  conditions  and  for  that  reason  the  fol- 
lowing remarks  are  inserted: 

The  company's  headquarters  are  in  Rock  River.  A 
camp  is  maintained  at  Arlington,  about  18  miles  south- 
west of  Rock  River.  A  caretaker  is  stationed  at  this  camp 
and  cooks  for  any  company  employes  stopping  there. 
There  is  also  stable  room  and  feed  for  horses.  At  Sand 
Lake,  about  35  miles  southwest  of  Rock  River,  another 
camp  is  maintained,  a  caretaker  also  being  stationed 
here. 

The  party  making  the  survey  drove  from  Rock  River 
to  Arlington,  the  remainder  of  the  distance  being  tra- 
versed on  snow  shoes,  the  team  remaining  at  Arlington. 

The  actual  time  is  as  follows: 

Hours.  Meals. 

Jlen.  Team.  Men.  Team. 

Two  men  and  team,   Rock  River  to  Arlington,      „          .  „          , 

v.  d?.v  1"          =>  2          1 

Two  men.  Arlin^on  to  Sand  Lake.  1  day.  men 

taking  a  liMicii  and  team  remaining  at  Arl 20         10  h          s 

Two  Hien  making  sur\-ey,  2  days «        20  Ij           6 

Two  men.  return  to  Arlington.   >4  day 10           o  4           . 

Two  men  and  team,  return  to  Rock  River.   "4  . 

(^^y         10  D  £  I 

One  man,  maps  and  computations.  2  days 20        ^        ^        -^ 

Totals    110         <5         26         W 

Use  and  Value  of  Survey.— The  principle  of  the  survey 
is  to  give  an  idea  of  the  amount  of  water  to  be  expected 
during  the  following  season.  This  value  is  dependent 
upon  the  proportion  of  the  drainage  area  covered  by  the 
survey.  In  this  particular  survey  only  a  small  portion 
of  the  area  supplying  water  to  the  project  was  surveyed. 
Sand  Lake  being  only  a  tributary  to  the  main  stream. 
Rock  Creek.  It  i.<5  the  intention  to  enlarge  the  survey 
from  year  to  year  until  the  major  portion  of  the  area  is 
covered. 

The  value   of  the   survey   is  also  dependent   upon  the 
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continuity  of  the  record,  as  the  current  survey  should 
be  compared  with  those  of  previous  years  in  order  to 
realize  its  full  benefit.  It  may  be  possible  to  approxi- 
mate the  run-off  by  observing  the  depth  of  the  snow  and 
its  density  at  snow  stakes  placed  at  proper  intervals  over 
the  area. 

These  stakes  having  been  permanently  located  and  a 
comparison  of  the  average  amount  of  snow  shown  at  the 
stakes,  with  the  results  shown  by  snow  sur\-eys,  may 
lead  to  the  derivation  of  a  coefficient  accurate  enough 
for  computing  the  run-off. 

It  is  also  necessary  to  have  some  means  of  watching 
the  rate  at  which  the  snow  is  melting  and  of  gaging  the 
stream  supplied  by  the  area,  in  order  to  form  some  idea 
as  to  the  length  of  time  the  excess  run-off  may  be  e.x- 
pected  to  continue. 

A  gaging  station  has  been  installed  in  the  outlet  of 
Sand  Lake,  the  location  being  shown  on  the  map.  The 
stream  bed  at  this  station  has  been  concreted  so  as  to 
give  a  permanent  control.  A  Bristol  automatic  record- 
ing gage  has  also  been  installed.  This  gage  gives  the 
stage  of  the  water  and  the  company's  engineers  gage  the 


Fig.    3 — View    Showing    Nature    of    Topography. 

station  as  often  as  possible  and  their  results  are  checked 
by  the  Denver  office  of  the  U.  S.  Geological  Survey. 

As  before  stated,  the  temperature  and  precipitation  are 
taken  every  day  and  it  is  the  intention  to  install  an  evap- 
oration pan  on  the  lake. 

This  data,  combined  with  that  given  by  the  gaging 
.station,  will  furnish  an  accurate  check  upon  the  relia- 
bility of  the  snow  survey. 

General  Remarks. — A  few  general  remarks  for  those 
not  having  any  experience  in  this  class  of  work  may  not 
be  amiss.  The  survey  should  be  made  when  the  weather 
is  cool  and  not  changing,  as  it  may  lead  to  error  if  part 
of  the  survey  is  made  on  a  cool  day  and  the  remainder 
on  a  warm  day  when  the  snow  is  melting  and  starting  to 
run  off. 

It  is  also  a  great  help  if  the  weather  is  cold  enough 
to  freeze  a  crust  on  the  snow.  This  facilitates  walking 
and  more  points  can  be  measured  than  when  one  has  to 
wade  through  soft  snow. 

The  choice  of  "feet"  will  be  governed  by  experience 
and  personal  taste.  It  is  probable  that  the  inexperienced 
will  have  better  success  with  web  snowshoes  than  with 
skiis.  It  is  more  difficult  to  travel  in  a  hilly  country  on 
skiis  than  on  webs.  A  sandal  which  fastens  to  the  snow- 
shoe  and  into  which  the  foot  is  inserted  is  much  better 
than  the  thongs  usually  used  for  this  purpose. 

For  footwear  German  socks  and  rubber  packs  or  moc- 
casins give  good  satisfaction.  Mackinaw  trousers  should 
be  worn,  as  it  is  almost  impossible  to  wet  them  through 
and  they  are  warm.  No  coat  is  necessarj-  unless  it  be  a 
Mackinaw  or  perhaps  a  leather  vest  for  use  in  extremely 
cold  weather.  One  travels  much  easier  if  he  is  cool  and 
not  encumbered  with  useless  clothing. 
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Figure  2  gives  a  view  of  the  snow  scale  hanging  upon 
the  alpine  staff.  The  observer  is  holding  the  snow  tube. 
The  roof  of  one  of  the  camp  cabins  can  be  seen  in  the 
background.  Figure  3  is  a  scene  along  the  creek  which 
forms  the  outlet  to  Sand  Lake  and  gives  one  an  idea  of 
the  topography. 


MINOR  DRAFTING  ROOM  DEVICES. 

Efficiency  in  the  drafting  room  is  promoted  by  the  use 
of  many  devices.  These  devices  range  from  complete 
systems  for  handling  work,  or  elaborate  mechanical 
plants,  to  such  small  details  as  that  of  mending  a  torn 
tracing,  and  all  are  important  in  varying  degrees.  In 
this  section  of  our  Surveying,  Drafting  and  Office  Quar- 
terly Issue  we  plan  publication  of  the  smaller  drafting 


ENGINEERING 
.^ND      CONTRACTING 

Flattening  a  Long  Rolled  Drawing. 

A  drawing  which  has  been  so  long  rolled  that  it  cannot 
be  flattened  by  reverse  rolling  may  be  starched  flat  as 
follows :  Uuroll  the  drawing,  lay  it  face  down  on  a  draw- 
ing board  and  pin  it  out  flat.  Boil  a  mixture  of  flour  and 
water  down  to  almost  a  thin  dough  and  paint  with  it  the 
back  of  the  pinned  drawing,  being  careful  to  rub  the 
"paint"  well  into  the  paper.  When  the  starch  has  dried 
the  drawing  can  be  unpinned  and  will  remain  flat. 
Spring  Roll  Shade  Cover  for  Drawing  Board. 

To  protect  drawings  left  pinned  to  drawing  boards  an 
ordinary  spring  roll  window  shade  can  be  used,  as  fol- 
lows: To  the  top  edge  of  the  board  hinge  a  strip  of 
board  so  that  it  will  fold  down  behind  or  under  the  draw- 
ing  board.     On   this   hinged    strip   mount    a    spring   roll 


Paper    Ink    Bottle    Holder. 

room  devices  which  have  been  tried  and  found  of  merit. 
We  request  our  draftsmen  readers  who  find  in  the  items 
which  follow  any  help  to  return  the  aid  by  an  account  of 
some  device  used  by  him  with  success. 

Fadeless  Blueprints. 

After  washing  the  ordinary  blueprint  spread  it  face 
up  on  a  flat  surface  and  paint,  using  an  ordinary  soft 
paint  brush,  with  peroxide  of  hydrogen.  This  intensi- 
fies and  "sets"  the  color  and  the  print  will  not  fade 
under  any  ordinary  exposure. 

A  Preventive  for  Warping  Drawing  Boards. 

Warping  of  drawing  boards  may  be  prevented  by  treat- 
ing the  wood  with  shellac,  as  follows:  Thin  down  the 
very  best  grade  of  white  shellac  with  alcohol  and  with  a 
brush  rub  it  thoroughly  into  the  wood,  covering  thor- 
oughly both  faces  and  all  edges.  This  dressing  is  not  a 
finish  and  should  not  leave  a  glossy  surface;  if  such  a 
surface  results  remove  it  by  rubbing  with  alcohol.  The 
purpose  of  the  treatment  is  to  prevent  moisture  entering 
the  wood  and  so  when  the  board  has  become  filled  with 
thumb  tack  holes  a  second  treatment  is  desirable. 

Removing  Eraser  Fragments. 

To  remove  easily  the  gummy  eraser  fragments  after 
cleaning  a  drawing  shake  powdered  chalk  over  the  paper. 
The  chalk  dries  up  the  eraser  fragments  so  that  they  can 
be  shaken  or  brushed  off  the  drawing. 

Improvised  Ink  Bottle  Holders. 

An  effective  ink  bottle  holder  may  be  improvised  from 
an  ordinary  iVo-in.  steam  pipe  floor  plate  by  setting  the 
bottle  in  the  pipe  hole.  Another  resort  where  floor 
plates  are  not  come  at  handily  is  two  pieces  of  drawing 
paper  arranged  as  follows :  Make  a  cylinder  of  paper 
about  twice  as  high  as  the  barrel  of  the  ink  bottle  and 
slip  the  ink  bottle  into  one  end  and  bind  around  with 
rubber  bands.  Slit  the  projecting  end  of  the  paper  cyl- 
inder at  a  number  of  places  and  bend  the  strips  outward 
at  right  angles,  after  which  paste  the  strips  to  a  flat 
paper  base.  Four  thumb  tacks  through  the  paper  base 
complete  the  bottle  holder. 


steam    Pipe    Floor    Plate    Ink    Bottle    Holder. 

shade  in  the  usual  manner.  To  cover  the  drawing  tilt 
up  the  hinged  strip  and  pull  down  the  shade.  Oilcloth 
may  be  substituted  for  the  ordinary  window  shade  cloth 
and  in  place  of  the  bottom  stick  a  ^i-in.  iron  rod  can  be 
used;  these  are  improvements  over  the  standard  window 
shade. 

W'eighing  Areas. 
An  approximate  method  of  determining  the  areas  of 
irregularly  shaped  surfaces  is  to  plot  the  surface  on 
drawing  paper,  cut  away  all  the  paper  outside  the  platted 
surface,  weigh  the  paper  included  in  the  plat  and  divide 
by  the  weight  of  a  known  unit  area  of  the  same  paper. 


Drying- Case  for  Blueprints. 


This  method  has  been  actually  used  with  satisfaction  for 
measuring  land  areas. 

Blueprint  Drier  for  Indoor  or  Outdoor  Use. 

The  case  made  of  wooden  strips  fitted  with  panels  of 
wire  mesh,  shown  in  the  illustration,  may  be  used  on 
either  the  outer  or  inner  sill  of  a  window  for  the  drying 
of  blueprints.  In  warm  weather  it  may  be  used  in  the 
position  indicated,  the  prints  being  placed  on  the  screened 
surface  of  the  bottom.  A  free  circulation  of  air  is 
afforded  and  the  prints  dry  quickly.  When  weather  con- 
ditions do  not  permit  its  use  outdoors,  the  drier  may  be 
set  on  the  inner  window  sill  over  a  radiator.     Snap  hooks 
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with  appropriate  attachments  on  the  window  frame  on 
both  the  inner  and  outer  side,  must  be  provided. — John 
Havekost  in  "Popular  Mechanics." 

Substituting  Revised  Details  by  Photographs. 

Sometimes  duplication  work  can  be  shortened  by  the 
hid  of  photography.  For  instance,  some  time  ago  it  was 
made  standard  practice  on  a  large  road  to  replace  the 
wooden  pilots  with  short  steel  pilots,  so  designed  that 
two  engines  could  couple  head  on,  without  touching 
pilots,  which  was  impossible  with  the  wooden  pilots. 
This  particular  road  keeps  an  up-to-date  locomotive 
classification  book,  copies  of  which  are  supplied  to  a  large 
number  of  the  officials,  who  return  them  to  the  mechani- 
cal engineer's  office  for  revision,  when  so  ordered.  The 
writer  was  instructed  to  change  the  drawings,  of  the 
locomotives,  from  which  etchings  were  made  for  this 
book,  so  as  to  show  the  new  steel  pilots  on  the  locomotives 
and  the  changed  dimensions  to  end  of  pilot  and  pulling 
face  of  knuckle.  The  drawings  were  on  a  sort  of  Bristol 
board  and  were  to  the  same  scale,  so  after  making  a 
drawing  to  scale  of  the  new  pilot  and  coupler,  I  proceeded 
to  make  tracings  from  it  on  tracing  paper  and  pasted 
them  in  proper  position  over  the  old  wooden  pilots,  after 
first  pasting  heavier  paper  over  them,  so  that  they  would 
not  show  through  the  tracing  paper.  1  soon  saw  that  it 
wouid  be  a  long  and  monotonous  job  to  make  the  large 
number  of  these  small  tracings  required,  so  I  decided  to 
make  them  without  ink.  I  made  four  of  the  plot  draw- 
ings in  a  space  3'4x4ii  in.  on  tracing  paper,  to  corre- 
spond to  my  photographic  printing  frames,  and  exposed 
them  face  down  on  a  smooth  developing  paper  and  in  this 
way  obtained  a  "negative."  From  this  negative  face 
down,  I  printed,  on  the  same  kind  of  paper,  the  required 
number  of  pilot  and  coupler  pictures  which  looked  very 
much  like  ink  drawings  and  being  on  opaque  paper,  were 
pasted  directly  in  position  on  the  drawings.  Thus  I  saved 
a  large  percentage  of  the  time  which  would  have  been 
required  for  the  job. — Towson  Rice  in  "Stevens  Indica- 
tor." 


CAR-MOUNTED  LEVEL  AND  ADDING  MACHINE 
FOR  PRECISE  LEVELING. 

An  innovation  in  precise  leveling  which  the  engineers 
of  the  U.  S.  Coast  and  Geodetic  Survey  have  found  effi- 
cient and  economical  is  exhibited  by  the  accompanying 
illustrations.     A  Y-level,  having  the  ordinary  tripod,  is 
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fit  was  by  Mr.  J.  H.  Peters,  in  charge  of  a  leveling  party 
operating  in  Indiana  and  Michigan,  but  similar  outfits 
have  since  been  supplied  to  other  parties.  The  work 
performed  has  shown  accuracy  equal  to  the  older  meth- 
ods with  increased  speed  and  reduced  unit  costs.  It  is 
noted  that  the  car  mounting  of  the  level  calls  for  no  ma- 
terial change  in  the  regular  tripod.  This  is  set  on  the 
car  when  leveling  is  started  and  not  removed  until  the 
completion  of  the  day's  work;  the  instrument  remains  in 
place  even  when  the  car  is  lifted  from  the  track  for  pass- 
ing trains.  At  the  same  time  should  occasion  demand 
the  level  can  be  disconnected  and  used  as  it  ordinarily 
is.  The  cars  used  are  ordinary  motor  velocipede  cars 
weighing  some  350  lb.  For  these  data  from  which  this 
account  has  been  prepared  we  are  indebted  to  Mr.  Will- 
iam Bowie,  Chief  Division  of  Geodesy,  and  M.  E.  Leston 
Jones,  Superintendent,  U.  S.  Coast  and  Geodetic  Survey. 


LOOSE     LEAF     NOTEBOOKS     FOR     WINNIPEG 
RIVER  WATER  POWER  SURVEY. 

In  making  surveys  for  the  Winnipeg  River  water  power 
development  studies  carried  out  by  the  water  power 
branch  of  the  Canadian  Department  of  the  Interior,  the 
field  work  was  plotted  in  camp  as  rapidly  as  completed, 
on  30x37-in.  sheets.  This  immediate  plotting  on  the 
ground  was  greatly  aided  by  the  loose-leaf  system  of 
field  notes  adopted  throughout  the  work.  Standard-size 
leather  covers,  with  .5-in.  by  8-in.  fillers,  suitably  printed 
and  ruled  for  transit,  stadia,  and  level  work,  were  pro- 
vided. The  great  fiexibility  of  the  loose-leaf  system 
proved  of  outstanding  advantage  to  the  rapid  and  efficient 
carrying  on  of  the  work,  more  especially  as  the  results 
were  being  plotted  into  final  shape  as  rapidly  as  the 
notes  were  available.  The  loose  leaves  also  lent  them- 
selves most  readily  to  a  simple  filing  system,  in  which 
the  records  of  the  survey  could  be  properly  grouped, 
and  be  at  all  times  available  for  instant  reference.  The 
engineer  directing  field  operations  was  ^Mr.  D.  L.  ^Ic- 
Lean,  Ottawa,  Ont. 


A   NEW  FABRIC   FOR  PHOTOPRINTS   OF   ORIG- 
INAL SHEETS. 

To  reproduce  by  photography  an  original  field  sheet  or 
other  large  subjects  too  large  to  be  included  on  the  larg- 
est size  negative  glass,  which  is  20x24  in.,  a  negative  is 
made  of  the  entire  drawing  on  a  reduced  scale,  and  by 


Adding    Machine. 

mounted  on  a  velocipede  car  and  an  adding  machine  on 
which  the  observ^ations  or  level  readings  are  recorded 
is  mounted  on  a  second  car.  This  train  proceeds  along 
the  railway  taking  levels  in  the  same  manner  as  when 
the  ordinary  practice  of  setting  up  the  level  on  the  bal- 
last is  followed.     The  first  use  of  this  car-mounted  out- 


Two-Car    Outfit. 

means  of  the  photo-enlarging  apparatus  a  print  is  made 
on  bromide  paper  on  the  same  scale  as  the  original. 

The  bromide  paper  hitherto  employed  has  several  in- 
convenient features.  After  development,  fixing,  and 
washing  it  easily  tears  in  handling  and  must  be  backed 
with  muslin;  its  shrinkage  in  drying  is  not  equal  in  all 
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directions  and  results  in  distortion;  and  the  slick  gela- 
tine surface  is  not  adapted  for  either  pencil  or  pen  work. 
The  photographic  section  of  the  chart  division,  U.  S. 
Coast  and  Geodetic  Survey,  has  lately  replaced  the  bro- 
mide paper  with  a  new  fabric,  which  is  a  great  improve- 
ment over  the  former.  As  it  is  made  of  cloth,  there  is 
no  need  for  backing  the  prints,  and  the  delay  and  in- 
convenience formerly  arising  from  this  source  is  avoided. 
When  dried  after  passing  through  the  developing  and 
washing  solutions  it  shrinks  to  its  original  dimensions, 
being  nearly  free  from  distortion.  The  rougher  texture 
of  the  surface  makes  it  fairly  good  for  both  ink  and  pen- 
cil.— Coast  Survey  Bulletin,  July,  1916. 


INCREASING  DRAFTING  ROOM  EFFICIENCY  BY 

IMPROVED  FURNITURE  DESIGN  AND 

ARRANGEMENT. 

A  marked  increase  in  drafting  room  efficiency  has 
resulted  from  the  arrangement  and  design  of  drawing 
tables  and  estimators'  desks  shown  by  the  accompanying 
illustrations.     The  two  views  show  the  drafting  room  of 


ENGINEERING 
AND     CONTR.^CTING 

which  is  about  30  in.  from  floor  to  top  of  desks.  The 
cost  was  about  $12  apiece  with  alterations  made.  The 
chairs  are  standard  swivel  desk  chairs,  costing  $3.75 
apiece.  The  floor  space  required  is  50  sq.  ft.  per  desk, 
allowing  a  28-in.  space  between  desks  and  an  aisle  4  ft. 
wide. 

We    are    indebted    for    the    preceding    information    to 
Messrs.  Horner  and  Sammelman. 


LOCATING    SNOW   SHED    FIRES    BY    TRANSIT.* 

Where  the  Southern  Pacific  railway  curves  the  summit 
of  the  Sierras  on  the  line  from  Sacramento,  Cal.,  to  Reno, 
Nev.,  there  are  29  miles  of  timber  snow  sheds.  In  the 
dry  summers  of  this  region  the  greatest  danger  to  these 
sheds  is  fire  and  watchmen  and  fire  fighting  trains  are 
provided  to  guard  against  this  danger. 

It  soon  developed  that,  with  watchmen  located  only  in 
or  on  the  shed,  exposing  forest  fires  could  and  did  obtain 
considerable  headway  before  discovery,  and  the  desir- 
ability of  a  station  #from  which  a  comprehensive  view 
of  the  sheds  and  the  adjacent  country  could  be  obtained 
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the  division  of  design  of  sewers  and  pavements  of  St. 
Louis,  Mo.,  W.  W.  Horner,  engineer  in  charge.  As  shown 
the  drawing  tables  and  the  estimators'  desks  are  arranged 
in  two  rows  side  by  side,  so  that  co-operation  is  possible 
with  least  travel.  Figure  1  shows  the  general  arrange- 
ment and  Fig.  2  shows  a  close  view  of  an  estimator's 
desk.  Figure  3  gives  plans  of  one  of  the  drawing  tables, 
which  are  made  to  order  at  a  cost  of  about  $30.  Ordi- 
nary high  stools  are  used  with  the  drafting  tables  and 
the  necessary  floor  space  is  about  70  sq.  ft.  per  table, 
allowing  a  distance  of  24  in.  between  same  and  an  aisle 
4  ft.  wide. 

Probably  of  greater  interest  are  the  desks  used  by  the 
estimators  and  designers  of  the  Street  Design  Division. 
No  drafting,  except  pencil  work,  is  done  by  them.  Prior 
to  the  installation  of  the  new  desks,  they  used  the  same 
equipment  as  the  draftsmen. 

From  observation  Mr.  S.  Sammelman,  engineer  in 
charge  street  design  division,  found  that  in  the  afternoon 
the  men  made  more  errors  in  their  calculations,  and  fur- 
ther did  not  apply  themselves  diligently.  This  was  due  to 
being  perched  upon  a  high  stool  all  day,  which  caused 
them  to  become  physically  tired  to  the  detriment  of  the 
activity  of  their  mental  powers,  so  the  more  comfortable 
arrangement  was  substituted  and  an  added  degree  of 
efficiency  was  very  noticeable. 

The  tops  of  the  desks  are  32  in.  wide  by  72  in.  long, 
and  are  ordinary  standard  stock  "standing  up"  bookkeep- 
ers'  desks  with   the   legs   cut   down   to   a  sitting  height. 


was  apparent.  Such  a  point  of  vantage  was  found  on 
the  summit  of  Red  Mountain,  or  Signal  Peak,  as  the  Gov- 
ernment calls  it.  This  mountain,  whose  summit  is  at  an 
elevation  of  7,860  ft.  above  the  level  of  the  sea,  stands  on 
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Fig.   3 — Plans    of    Drawing    Table.    Division    of   Sewers   and    Streets 
Design,   St.    Louis,    Mo. 

the  iiorth  side  of  the  main  canon,  on  the  south  side  of 
which  the  road  winds   its   way  through  the   mountains. 

•From  a  naper  by  Nlles  Searls  in  tlie  July  Quarterly  of  the  National 
Fire  Protpction  Association. 
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This  summit  is  at  an  average  elevation  of  1,800  ft.  above 
the  track,  in  the  shed  district,  and  distant  therefrom  IV-i 
to  12  miles.  An  observatory  building  wa.s  erected  on  the 
mountain  top. 

In  the  clear  air  of  this  altitude,  a  good  pair  of  eyes  and 
constant  watchfulness  are  all  that  is  necessary  during 
the  normal  daylight  conditions,  but  at  nigfat,  or  at  any 
time  when  the  clear  view  of  the  shed  is  impossible,  it 
becomes  necessary  to  provide  some  means  by  which  the 
many  fires  appearing  can  be  accurately  located  in  refer- 
ence to  the  shed.  To  accomplish  this,  the  apparatus,  as 
shown  in  the  accompanying  picture  of  the  interior  of  the 
bay,  is  installed.  This  consists  of  a  transit,  mounted  on 
a  fixed  pier,  in  the  center  of  the  bay,  and  a  map  etched  on 
a  silver-plated  copper  plate  located  on  a  shelf  in  front  of 
the  transit.  The  shed  line  on  this  map  is  inlaid  with 
black  enamel,  and  along  this  line  is  indicated  in  different 
colored  enamels  each  station,  tunnel,  mile  post,  signal 
box,  etc.,  in  its  proper  location.  Over  this  map  swings 
a  knife-blade  pointer  attached  to,  and  coinciding  with  the 
axis  of  the  transit. 

On  the  plate   glass   of  the   window,   and   opposite   the 
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cross-hairs  of  the  finder,  is  etched  an  opaque  line  exactly 
coinciding  with  the  shed.  This  line  shows  rather  faintly 
in  the  photograph  of  the  interior.  This  line  is  so  located 
that  when  the  cross-hairs  of  the  transit  cut  the  shed,  the 
cross-hairs  of  the  finder  cut  a  corresponding  portion  of 
the  etched  line.  This  line  is  located  opposite  the  finder, 
which  is  a  simple  peep  tube  provided  with  cross-hairs, 
for  the  reason  that  it  would  be  impossible  to  focus  the 
glass  of  the  transit  on  this  line  at  such  short  range,  and 
also  to  prevent  the  blurring  of  the  shed  view  through  the 
transit  which  would  be  caused  by  the  presence  of  an 
opaque  line  so  close  to  the  object  glass. 

The  operator,  at  night,  sits  in  this  bay  in  semi-dark- 
ness and  keeps  a  general  lookout  over  the  surrounding 
country.  On  observing  a  fire,  or  a  suspicious  light,  he 
turns  the  transit  onto  it  and  then  presses  a  button  which 
controls  a  small  battery-operated  electric  light,  illu- 
minating the  map  and  the  etched  line,  the  reflection  of  this 
light  from  the  plate  glass  of  the  window  also  serving  to 
illuminate  the  cross-hairs  of  both  transit  and  finder. 
Under  these  conditions  of  illumination,  a  glance  through 
the  finder  at  the  etched  line  determines  whether  the  fire 
is' above,  below  or  in  the  shed  and  the  position  of  the 
pointer  indicates  its  exact  location  along  the  shed.  If 
the  fire  is  a  small  campfire,  too  close  to  the  shed,  word 
is  sent  to  the  nearest  section  headquarters  and  men  sent 
to  move  the  parties  to  a  safe  distance  and  extinguish  the 
offending  fire.  In  case  of  an  actual  fire  in  shed,  or  of 
an  exposure  fire  of  magnitude,  the  fire  trains  are  called, 
the  ones  nearest  the  fire  going  directly  to  the  reported 
scene,  and  the  others  closing  in  as  in  regular  fire  de- 
partment service. 

As  a  sample  of  the  accuracy  with  which  even  small 
fires  can  be  located  from  this  station,  I  will  cite  an  in- 
stance that  occurred  on  Oct.  2,  1915.  On  the  evening 
of  that  date,  a  section  foreman  took  it  into  his  head  to 
sharpen  some  track  chisels,  and,  for  that  purpose,  took  a 
portable  forge  and  set  it  up  outside  of  the  shed,  but  in 
direct  line  between  the  shed  and  the  observatory,  and 
proceeded  to  kindle  a  fire  in  the  forge.  This  fire  was 
observed  by  the  watchman,  and,  being  apparently  in  the 
shed,  the  fire  train  was  called,  ran  two  miles  and  stopped 
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exactly    opposite    the    location    of    the    forge    before    the 
chisels  had  been  brought  to  a  working  heat. 

At  another  time  the  agent  at  Midas,  a  station  well  be- 
low the  shed  district  and  at  a  distance  of  about  18  miles 
from  the  observatory,  received  a  message  from  the  watch- 
man stating  that  a  small  fire  was  burning  "about  10  ft. 
back  of  the  freight  house"  at  his  station.  Investigation 
disclosed  a  tramp's  campfire  at  the  point  indicated. 
Other  instances  could  be  given,  but  these  serve  to  show 
what  the  installation  is  capable  of  accomplishing. 


METHODS   AND   COST   OF   REPRODUCING    AND 
REDUCING  ENGINEERING  DRAWINGS. 

Contributed  by  J.  X.  Cohen,  Designing  Engineer,  Syracuse  Intercepting 
Sewer  Board,  Syracuse,  N.  Y. 

In  the  evolution  of  engineering  practice  there  has  been 
developed  a  group  of  methods  for  reproducing  and  re- 
ducing engineering  drawings  which,  it  is  felt,  because 
of  their  utility  to  engineers,  merits  presentation  and  dis- 
cussion. It  is  the  intention  of  this  article  to  describe 
briefly  the  various  processes,  noting  their  possibilities 
and  limitations,  and  to  give  such  hints  in  their  utiliza- 
tion as  have  been  found  from  experience  to  be  service- 
able. 

Some  of  the  processes  of  reproducing  drawings  are 
very  well  known,  and  these  will  be  but  briefly  mentioned; 
others  are  not  quite  as  well  known  as  they  should  be, 
and  will  be  treated  somewhat  more  fully. 

In  the  past  few  years  the  utility  of  small  sized  draw- 
ings for  construction  purposes  has  received  recognition 
to  such  an  extent  that  quite  a  number  of  more  or  less 
complicated  structures  have  been  built  from  plans  on 
sheets  8^^x11  in.  or  thereabouts.  Many  engineers  feel, 
however,  that  their  drawings  are  of  such  complex  na- 
ture that  to  lay  them  out  on  8'i^xll-in.  sheets  would  re- 
quire either  the  undesirable  cutting  up  of  a  structure 
into  sections,  or  the  use  of  a  very  small  scale  which 
would  bring  the  entire  structure  on  the  reduced  size 
sheet.  The  scale,  however,  would  generally  be  so  small 
as  to  preclude,  because  of  the  draughting  difficulties, 
the  possibility  of  showing  all  the  essential  features. 
Desiring  to  avoid  the  ordinarily  large  and  clumsy  sheets 
and  to  have  the  numerous  other  advantages  of  small 
sheets,  engineers  have  taken  to  the  reduction  of  their 
drawings. 

Small  sheets  are  of  unquestionable  utility  in  the  field 
and  shop;  in  the  preliminary  steps  leading  up  to  the 
award  of  a  contract,  prospective  bidders  find  their  fre- 
quently thankless  jobs  of  preparing  intelligent  bids 
greatly  facilitated  by  a  set  of  contract  plans  that  are 
clear,  complete  and  yet  so  small  that  they  can  be  read- 
ily handled.  To  the  engineer  small  sheets  are  also  of 
great  service,  for  they  reduce  the  bulk  of  his  accumulat- 
ing records,  make  all  his  drawings  handy  for  future  ref- 
erence and  furnish  him  a  means  of  exhibiting  many 
samples  of  his  work  to  a  busy  prospective  client  in  a 
short  space  of  time.  The  small  sheet  intensifies  the 
drawing,  bringing  within  the  limits  of  vision  the  entire 
drawing  and  showing  it  all  at  a  glance.  In  a  word,  the 
small  sheet  is  the  acme  of  engineering  drawing. 

Reduced  drawings  are  of  service  in  embellishing  tech- 
nical reports  to  bodies  of  laymen,  such  as  committees 
of  civic  organizations,  council  committees  and  other 
similar  governmental  bodies.  The  value  of  the  diagram 
as  a  concise  presentation  of  related  data  need  not  be 
pointed  out  to  the  engineer,  but  the  use  of  large  scale 
diagrams  reduced  to  8V2XII  in.  sheets  and  their  em- 
bodiment in  typewritten  reports,  that  will  perhaps  never 
be  published  in  printed  form,  deserves  consideration. 
Large  maps,  on  which,  for  instance,  a  number  of  projects 
can  be  shown  that  are  possible  for  the  attainment  of  a 
desired  result,  can  be  very  readily  reduced  by  several  of 
the  processes  outlined  below,  and  will  give  a  wealth  of 
detail  within  the  compass  of  a  letter-size,  or  even  smaller 
sheet,  that  is  attainable  in  no  other  way.  The  maps  of 
the  U.  S.  Geological  Survey,  so  valuable  to  the  practicing 
engineer,  lend  themselves  very  readily  to  such  reduction. 
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And  here  it  might  be  well  to  mention  in  passing  that 
the  use  of  pictures  in  technical  reports  by  engineers  is 
such  an  effective  means  of  making  clear,  lengthy  descrip- 
tions that  such  use  should  be  more  common  than  it  is. 
Technical  reports  on  proposed  projects  would  be  made 
readable,  and  therefore  more  frequently  and  interestedly 
read  by  those  non-technical  officials  and  individuals  for 
whom  the  reports  are  intended,  if  photographic  illustra- 
tions were  interspersed  through  pages  of  matter  that 
would  perhaps  otherwise  be  "dry"  reading.  In  other 
words,  the  engineer  should  attempt  in  some  manner  to 
keep  pace  with  the  manufacturer  who  equips  his  sales- 
agents  with  portable  motion-picture  machines  for  the 
effective  and  appealing  presentation  of  his  processes  or 
products. 

The  methods  of  reproduction  and  reduction  to  be  dis- 
cussed are  listed  below,  and  while  the  list  is  not  ex- 
haustive, it  is  believed  that  it  does  contain  most  of  the 
processes  that  are  of  interest  and  service  to  the  engineer. 


KEPEODUCTION. 

1.  Blueprints. 

2.  Van   Dyke  prints. 

3.  Blue  on  white  prints. 

4.  Lithoprints. 

0.  Ink-ograf  prints. 

6.  Carbon  copies. 

7.  Kektograph  prints. 


REDUCTION. 

1.  Photographic  prints. 

2.  Rectigraph  prints. 

3.  Photo-lithographs. 

nk-op^raf    prints. 
5.     Zinc-cut  prints. 


Drafting  Hints. 

Before  considering  the  reproduction  and  reduction 
processes  in  detail,  it  might  be  well  to  summarize  those 
features  of  the  technique  of  drafting  upon  which  suc- 
cessful and  satisfactory  results  so  largely  depend. 

In  the  preparation  of  drawings  for  reproduction  only 
the  usual  precautions  about  the  weights  of  lines  and  let- 
tering need  be  observed,  and  a  drawing  that  is  good  in 
the  accepted  sense  will  usually  reproduce  well.  In  the 
preparation  of  drawings  for  reduction,  however,  it  will 
be  necessary  to  take  the  various  precautions  hereinafter 
mentioned. 

The  lettering  on  a  drawing  should  at  all  times  be  clear 
and  clean,  but  for  reduction  work  it  is  imperative  that 
the  individual  letters  be  well  shaped  and  of  such  height 
that  when  the  drawing  is  reduced  they  will  not  become 
too  small  to  be  readily  legible.  While  it  is  not  always 
possible  to  know  in  advance  the  amount  of  reduction  to 
which  the  drawing  will  be  subjected,  yet  it  is  desirable 
4>o  to  proportion  the  letters  that  the  maximum  reason- 
able reduction  will  keep  them  at  least  1  millimeter  high. 
It  has  been  found  from  long  experience  with  the  reduc- 
t'tn  of  drawings  that  if  all  the  subordinate  lettering, 
such  as  notes  and  dimensions,  be  made  about  i,s  in. 
high,  normal  reduction  will  not  greatly  affect  their  legi- 
bility. 

Titles  and  sub-titles  generally  come  out  very  plainly 
in  reduced  drawings.  In  the  reproductions  of  such  por- 
I'ons  of  a  title  as  are  standard  for  a  set  of  drawings, 
or  in  the  reproduction  of  such  portions  of  a  drawing 
as  are  standard,  such  as  border  lines,  sheet  number 
blanks,  professional  cards  or  other  stock  lettering,  the 
St.  George  process  of  lithography  on  tracing  cloth  is  a 
very  serviceable,  simple  and  comparatively  inexpensive 
method  that  will  save  much  labor,  time  and  expense  in 
even  the  smallest  of  drafting  rooms.  This  process  will 
be    discussed    later   on    under    "Reproducing    Drawings." 

Fine  line  lettering  for  drawings  to  be  reduced  is 
highly  objectionable,  as  is  all  fine  line  work.  For  let- 
tering, the  finer  ball-point  pens  are  recommended,  as  they 
produce  a  stroke  that  is  smooth  and  sturdy. 

One  excellent  time  and  labor  saver  that  can  be  adapted 
for  use  in  the  drafting  room  is  the  gummed  letter.  These 
letters  are  obtainable  at  stationers  in  a  large  variety  of 
heights  and  in  several  styles,  are  machine-made  and 
perfectly  formed  of  block,  opaque  paper,  gummed  on 
one  side,  ready  to  be  attached,  after  slight  moistening,  to 
tracing  cloth  or  paper.  Large  title  pages  can  be  pre- 
pared in  one-half  to  one-third  of  the  time  required  for 
ordinary  hand  work  and  the  prints  from  the  pasted  let- 
ters are  in  many  ways  superior  to  the  latter  in  clear- 
ness. These  letters  are  made  by  the  Tablet  &  Ticket  Co. 
of  New  York  City,  and  their  use  in  office  buildings  for 
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directories,  and  in  public  exhibits  for  placard  work  is 
generally  known.  Their  use  in  drafting  rooms  will  be- 
come greater  as  their  serviceableness  is  tried  out. 

There  are  rare  occasions  in  the  preparation  of  draw- 
ings to  be  reduced  when  it  becomes  desirable  to  know 
just  how  a  certain  feature  or  detail  will  appear  on  the 
finished  drawing.  A  reducing  glass,  whose  purpose  is 
of  course  the  opposite  of  the  ordinary  magnifying  glass, 
fills  this  need  nicely. 

Inventors  and  others  who  are  acquainted  with  draft- 
ing room  procedure  have  in  recent  years  been  seeking 
some  simple  means  of  transparentizing  paper  which  is 
of  sufficient  body  to  stand  drafting  work,  including 
erasures,  and  on  which  pencil  drawings  can  easily  be 
prepared,  so  as  to  eliminate  the  expense,  the  time  and 
the  sources  of  error  that  come  with  tracing.  There  are 
a  number  of  fluids  on  the  market  known  as  transpar- 
cntizers,  but  their  use  is  not  very  common  as  the  results 
are  not  completely  satisfactory.  These  fluids  are  ap- 
plied to  the  paper  after  the  pencil  drawing  has  been 
completed,  and  usually  are  a  mixture  of  benzine  and 
paraffine. 

A  few  years  ago  there  was  placed  upon  the  market  a 
transparentizing  machine  which  treats  heavy  tracing 
paper  with  a  solution  that  renders  the  fairly  opaque 
paper  sufficiently  translucent  to  enable  blueprint  copies 
to  be  made  from  the  pencil  drawing.  Such  machines  are 
particularly  adapted  to  large  engineering  organizations 
where  reproductions  alone  are  required,  but  in  the  con- 
sulting engineer's  office,  and  in  other  offices,  where  the 
drawings  prepared  later  become  the  property  of  the 
client,  the  tracing  of  drawings  on  cloth  can  hardly  be 
altogether  eliminated. 

The  blueprints  produced  from  transparentized  draw- 
ings are  of  a  quality  sufficiently  good  for  the  shop  or 
field,  but  of  course  are  not  quite  as  good  as  those  from 
an  India  ink  tracing.  The  pencil  drawing  needs  to  be 
worked  up  complete  and  with  all  detail;  nevertheless,  the 
saving  in  time  is  tremendous  compared  with  the  tracing 
system,  and  the  saving  in  expense  is  said  easily  to  pay 
the  cost  of  the  machine  or  "raechanigraph"  as  it  is  called, 
several  times  over  in  a  year  of  use. 

The  Production  of  Drawings. 

Blueprints. — The  ordinary  process  of  reproducing 
drawings  by  blueprinting  is  too  well  known  to  need  more 
than  mention.  It  is  desired,  however,  to  point  out  that 
by  grading  the  weights  of  the  blueprint  paper  used  their 
utility  to  the  engineer  can  be  increased.  For  a  record 
set  of  drawings  to  be  filed  in  an  office  where  space  is 
valuable — a  rather  general  condition — a  surprising  sav- 
ing in  bulk  can  be  attained  by  the  use  of  thin  paper 
lilueprints.  These  prints  cost  no  more  than  the  ordinary, 
medium  weight  paper  and  require  no  more  care  in  han- 
dling. For  field  use  or  construction  work,  prints  on 
heavy  paper,  or  better  still  on  cloth,  are  the  most  serv- 
iceable. Where  prints  are  likely  to  be  exposed  to  the 
weather  a  thin  coat  of  varnish  should  serve  to  protect 
the  chemical  coating  and  increase  the  useful  life  of  the 
print.  Blueprints  that  are  likely  to  be  much  exposed 
to  the  sun  should  be  very  thoroughly  washed  after  print- 
ing. The  cost  of  blueprints  ranges  from  iy2  ct.  per 
'.  quare  foot  upwards,  and  the  process  is  about  the  cheap- 
est of  all  the  processes  used  to  reproduce  drawings  in 
hmited  quantities. 

Van  Dyke  or  Brown'  Prints. — The  method  of  reproduc- 
ing tracings  by  the  Van  Dyke  or  brown-line  process  is 
gradually  being  displaced  by  the  newer  and  more  sat- 
isfactory methods  of  reproduction.  Because  of  the  nega- 
tive print  which  is  an  essential  part  of  the  process,  the 
cost  is  rather  high.  The  positive  print,  made  from  the 
negative,  suffers  a  double  reduction  from  the  original 
size  and  is,  on  that  account,  sometime^  rather  trouble- 
some in  scaling. 

The  white  ground  of  the  positive  is  never  quite  white 
and  frequently  rather  yellow,  but  the  dark  brown  lines 
are  easily  matched  with  India  ink,  and  for  that  reason 
additions  to  the  positive  can  readily  be  made.    The  paper 
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takes  colors  easily  and  prints  are  therefore  of  service 
where  different  classes  of  work  are  to  be  distinguished 
by  various  colors.  A  rather  serious  objection  to  brown- 
prints  is  the  friability  of  the  paper,  causing  it  to  tear 
easily  with  but  little  handling. 

The  process  of  making  these  prints  is  as  follows :  The 
tracing  and  sentitized  paper  are  placed  in  a  frame  and 
exposed  to  the  light  (either  sunlight  or  electric  light), 
the  tracing  being  reversed  so  that  the  print  will  be  a 
negative.  After  washing,  fi.xing  and  drying,  prints  are 
made  from  the  negative,  which  has  white  lines  on  a  deep 
brown  ground;  these  positive  prints,  as  already  stated, 
have  brown  lines  on  white  ground.  Erasures  from  the 
positive  can  be  made  with  potassium  cyanide,  but  the 
deadly  nature  of  this  chemical  makes  its  careful  use 
highly  imperative. 

Many  engineering  offices  use  the  negative  as  a  record 
of  the  original  tracing,  and  keep  it  on  file  while  the 
tracings  are  either  stored  in  a  fireproof  vault  or  sent  to 
the  client. 

The  negative  costs  about  5  ct.  per  square  foot,  and 
the  positive  about  the  same,  making  the  initial  cost  of 
one  reproduction  about  10  ct.  per  square  foot.  Of  course, 
if  more  than  one  positive  is  printed,  the  cost  of  the 
negative  per  positive  print  gradually  decreases. 

Blue  on  White  Prints. — The  blueprint  obtained  from  a 
Van  Dyke  negative,  used  instead  of  a  tracing,  is  termed  a 
blue-on-white  print  because  the  lines  are  blue  on  a 
whitish  background.  The  prints  are  made  in  the  ordi- 
nary blueprint  way,  but  require  a  somewhat  longer  ex- 
posure in  the  printing  frame  or  machine.  For  this  rea- 
son they  are  slightly  more  e.xpensive,  particularly  when 
made  in  electric-light  printing  machines. 

The  blue-on-white  prints,  when  carefully  made,  are 
neat  and  attractive,  and  have  a  number  of  commendable 
features.  They  will  take  wax,  crayon  or  water  colors, 
can  be  worked  upon  with  blue  ink  that  can  be  mixed 
to  match  the  print,  and  can,  of  course,  be  obtained  on 
any  weight  of  paper  or  on  cloth.  They  cost  about  2  ct. 
per  square  foot  of  print. 

Lithoprints. — One  of  the  newest  of  the  methods  of  re- 
producing drawings  is  known  as  the  lithoprint  process, 
from  its  analogy  to  the  printing  process  of  lithography 
It  is  not  only  one  of  the  latest,  but  also  one  of  the  very 
best  of  the  many  methods  previously  described.  Its 
prime  utility  lies  in  its  great  flexibility,  and  by  means 
of  it  prints  of  tracings  can  be  produced  upon  paper  of 
any  weight  or  texture,  including  bond  and  tracing  papers 
and  upon   cloth,  both  opaque  and  transparent. 

The  process  of  producing  lithoprints  is  a  simple  one 
to  describe,  but  its  execution  requires  experience,  skill 
and,  what  is  of  greater  importance,  the  possession  of 
a  trade  secret  w-hich  is  zealously  guarded. 

The  steps  in  the  making  of  a  lithoprint  are  about  as 
follows:  The  tracing,  made  in  th*  ordinary  way,  is  first 
blueprinted.  All  further  work  is  done  with  this  blue- 
print, the  tracing  being  no  longer  handled.  The  blue- 
print is  not,  however,  treated  in  the  usual  way;  instead 
the  coated,  exposed  face  is  placed  upon  a  slab  of  gela- 
tine and  other  substances  of  unknown  composition,  sim- 
ilar in  nature  to  the  gelatinous  slab  of  the  hektograph 
process,  later  described,  and  pressed  down  very  smoothly 
to  remove  all  air  bubbles.  Where  the  exposed  lines  of 
the  blueprint  come  in  contact  with  the  gelatinous  com- 
pound, an  action  takes  place,  chemical  or  mechanical, 
it  cannot  be  definitely  stated  which,  that  leaves  a  mark 
upon  the  slab  when  the  blueprint  is  peeled  off.  After 
removal  the  blueprint  can  be  washed  in  the  ordinarj- 
way  and  used  as  a  blueprint  copy  of  the  tracing. 

The  surface  of  the  slab  is  then  gone  over  with  an  ink 
roller  coated  with  printers'  black  ink;  this  ink  adheres 
only  to  the  marks  or  lines  made  by  the  unexposed  chem- 
icals of  the  blueprint,  and  when  a  sheet  of  paper  or  cloth 
is  pressed  upon  the  slab,  the  ink  prints  upon  it,  mak- 
ing a  black  line  copy  that  is  very  sharp  and  clear. 

As  the  litho-impression  is  made  upon  the  slab  before 
the  blueprint   has  been  washed,  and  therefore  not  sub- 
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jected  to  shrinking,  the  lithoprints  are  exact  reproduc- 
tions of  the  original  tracing,  making  them  valuable  in 
work  that  requires  much  scaling  of  the  drawing.  An- 
other advantage  of  a  lithoprint  lies  in  its  lines  being 
black,  which  can,  therefore,  be  readily  duplicated  with 
India  ink,  making  it  a  simple  matter  to  add  to  the  draw- 
ing should  such  need  arise.  If  a  lithoprint  is  not  too 
old,  and  particularly  upon  its  receipt  from  the  printer, 
erasures  and  changes  can  very  readily  be  made.  In 
fact,  when  the  print  is  fresh,  it  should  be  carefully 
handled.  India  ink  additions,  when  carefully  made,  may 
be  detected  only  upon  close  scrutiny. 

Another  distinct  advantage  that  is  inherent  in  the 
lithoprint  process  lies  in  the  fact  that  any  portion  of  a 
drawing  or  any  lettering  can  be  excluded  from  the  print, 
should  it  be  so  desired.  This  is  accomplished  by  block- 
ing out  from  the  slab  the  parts  to  be  omitted,  and  it  can 
be  done  without  affecting  the  (juality  or  appearance  of 
the  print.  Advantage  can  frequently  be  taken  of  this 
property  in  offices  where  the  same  drawing  with  differ- 
ent subjoined  data  or  titles  can  be  used  on  various  pieces 
of  work.  Lithoprints  upon  paper  are  also  very  handy 
in  map  work  where  coloring  is  desired.  The  ink,  when 
it  is  thoroughly  dry,  is  waterproof  and  is  not  affected 
by  the  brush. 

Lithoprints  have  many  serviceable  and  commendable 
features,  but  they  have  the  driiwback  of  their  compara- 
tive expensiveness.  They  cost  about  8  ct.  per  square 
foot  for  a  single  print  to  4  ct.  per  square  foot  if  four 
or  more  prints  of  the  same  tracing  are  required;  for 
cloth  prints  the  costs  are  10  ct.  to  6  ct.  per  square  foot. 
Tracing  cloth  lithoprints  cost  16  ct.  per  square  foot. 
From  this  it  will  be  seen  that  if  ordered  in  limited  quan- 
tities, while  they  do  not  compete  with  blue  prints  in 
price,  yet  the  cost  of  lithoprints  is  not  too  great  when 
their  utility,  flexibility  and  above  all,  undeniably  attrac- 
tive appearance  is  taken  into  consideration. 

The  E.  G.  Soltmann  Co.  of  New  York  have  developed 
a  process  analogous  to  lithoprinting  which  employs  a 
zinc  plate  instead  of  a  gelatinous  slab.  This  enables 
them  to  obtain  many  more  copies,  which  they  call  ink-o- 
graf  prints,  than  is  possible  with  the  former  process, 
and  they  also  claim  a  higher  grade  of  work.  Their  prices, 
however,  are  slightly  higher,  ranging  from  10  ct.  per 
square  foot  for  25  copies  to  6  ct.  per  square  foot  for  100 
copies  for  12xl8-in.  sheets.  For  larger  sizes  the  prices 
range  from  6  ct.  per  square  foot  for  a  minimum  of  12 
copies  to  3  ct.  per  square  foot  for  100  copies. 

The  lithoprint  in  reduction  work,  where  its  service- 
ableness  is  also  beyond  question,  will  be  discussed  under 
"Reduction  of  Drawings." 

Pencil  Carbon  Copies. — A  duplicate  copy  of  a  sketch 
prepared  to  accompany  a  letter  is  generally  required  in 
engineering  offices  for  the  files,  and  sometimes  limited 
time  or  other  circumstances  prohibit  the  making  of  a 
blueprint  copy.  A  simple  method  of  obtaining  one  or 
two  copies  of  such  a  hurried  sketch  is  gone  over  with 
a  hard  pencil,  or  else  directly  prepared  on  the  sheet,  un- 
derneath which  has  been  placed  the  carbon  and  blank 
sheets.  The  transference  of  portions  of  maps,  drawings, 
etc.,  upon  comparatively  opaque  paper  of  such  weight  or 
color  that  tracing  through  is  impossible  is  easily  per- 
formed with  the  stylus  and  carbon  paper.  The  carbon 
paper  prepared  for  pencil  copying  is  the  best  for  such 
work,  but  fresh  sheets  of  ordinary  typewriter  carbon 
serve  almost  equally  as  well.  The  important  point  to 
remember  in  applying  this  process  is  that  its  results 
are  due  entirely  to  pressure. 

Tracing  Cloth  Blanks.— As  previously  mentioned,  the 
St.  George  Lithographic  process  for  tracing  cloth  is  serv- 
iceable and  comparatively  inexpensive.  Its  use  is  most 
desirable  in  large  engineering  oflices,  but  even  small 
offices  where  only  limited  quantities  of  work  are  per- 
formed will  find  it  advantageous. 

The  Henry  V.  St.  George  Co.  of  New  York  City,  pre- 
pare blank  tracing  cloth  sheets  cut  to  size  and  printed 
with  any  lettering  desired,  with  the  border  lines  ruled 
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and  with  any  other  drafting  that  will  prove  of  service. 
They  employ  a  lithographic  process  and  use  a  special 
ink  that  will  stand  severe  handling  after  drying  -vxithout 
affecting  the  quality  of  the  lines.  The  cost  of  printing 
border  lines,  etc.,  upon  cut  sheets,  is  more  than  balanced 
by  the  elimination  of  the  waste  of  a  few  inches  of  ex- 
pensive tracing  cloth  every  time  a  sheet  is  cut  by  hand  in 
the  drafting  room  and  as  the  time  consumed  to  rule  border 
lines  and  do  whatever  stock  lettering  is  required 
is  altogether  saved,  the  process  is  of  course  a  very  eco- 
nomical one  to  employ. 

Hektograph  Prints. — The  Dous  "Tip  Top"  Duplicator 
and  other  similar  appliances  for  reproducing  letters,  etc., 
based  on  the  hektograph  principle  are  in  use  in  many 
offices,  and  can,  without  any  modification,  be  used  for  the 
reproduction  of  sketches  as  well. 

The  hektograph  in  its  simplest  form  is  a  sheet  metal 
pan  filled  with  a  jelly-like  compound  that  has  the  prop- 
erty of  absorbing  hektographic  ink  in  such  a  way  that 
when  paper  is  pressed  upon  the  slab  the  ink  makes  a  clear 
impression  upon  it.  About  40  copies  can  easily  be  made, 
the  later  copies,  of  course,  being  the  fainter,  but  this  can 
be  partly  overcome  by  allowing  the  print  to  remain  in 
contact  for  a  longer  period.  The  hektograph  outfits  can 
be  obtained  at  stationers  in  a  variety  of  sizes;  the  9  in. 
by  12  in.  size  costs  about  75  ct.  The  ink  is  not  much  more 
costly  than  ordinary  writing  fluid,  and  lasts  for  a  long 
time.  The  cost  of  hektograph  prints,  therefore,  is  almost 
a  negligible  factor. 

They  are  not  used  to  a  great  extent  because  they  are 
not  quite  as  neat  as  the  products  of  other  methods  of 
reproduction,  but  in  offices  and  shops  where  appearance 
is  not  a  controlling  factor,  and  where  the  quantity  of 
prints  required  runs  up  the  total  comparative  costs  it 
would  be  worth  while  trying  out  the  hektograph.  On 
field  work,  away  from  blueprinting  companies,  the  hek- 
tograph, an  old  yet  serviceable  means  of  making  copies, 
should  be  particularly  useful  to  the  resident  engineer. 

Drawings  to  be  hektographed  are  best  prepared  on 
tracing  cloth  in  the  usual  way,  except  hektograph  ink  is 
used  in  place  of  India  ink.  A  little  experience  with  the 
materials  will  make  the  limitations  of  the  process  clear, 
and  when  not  too  much  is  expected  of  it,  the  hektograph 
can  render  good  service  in  the  reproduction  of  sketches 
and  simple  drawings. 

The  Reduction  of  Drawings. 

Photographs  of  Plans. — The  camera  is  probably  the 
greatest  adjunct  to  modern  drafting  room  equipment. 
With  its  aid  drawings  can  be  rapidly  reproduced  in  re- 
duced form  without  loss  of  clearness  or  legibility  and 
without  prohibitive  expense. 

The  tracings  to  be  reduced  are  first  photographed  upon 
glass  or  paper  negatives.  It  is  desirable  to  have  this 
done  by  skilled  photographers,  as  the  work  involves  tech- 
nicalities not  readily  mastered  by  the  amateur.  With 
sufficient  experience,  however;  the  ordinary  amateur 
kodak  operator  can  learn  plan  photography  well  enough 
for  his  own  service,  but  for  commercial  work  the  pro- 
fessional is  preferable. 

The  glass  negatives  can,  of  course,  be  any  size  de- 
sired, due  consideration  being  given  to  the  amount  of 
reduction  entailed,  but  the  5x7  in.  and  8x10  in.  sizes  are 
the  most  popular.  The  most  satisfactory  size  in  general 
is  the  8x10  in.  printed  on  larger  paper  and  trimmed  to 
SVo  in.  by.  11  in.  An  8x10  in.  glass  negative  costs  75  ct. 
and  the  SVaxll  in.  print  17  ct.  In  an  engineering  office 
where  the  glass  negatives  accumulate,  a  simple  filing 
system  of  some  sort  is  required  in  order  to  make  them 
available.  It  is  best  to  place  each  negative  in  a  separate 
envelope,  properly  marked  outside,  and  then  to  file  the 
negatives  vertically  in  a  box.  Otherwise  negatives  will 
be  scratched  through  handling  and  when  piled  up  hori- 
zontally the  lower  ones  will  sometimes  badly  crack  be- 
cause of  the  pressure  of  negatives  above. 

For  the  finest  work  prints  from  the  negatives  should 
be  made  on  glossy  paper.  This  paper  brings  out  every 
detail,  but  requires  some  manipulation  in  order  to  obtain 


results  that  are  uniformly  dark  all  over  when  the  nega- 
tives are  not  of  even  tone.  This  is  especially  so 
with  the  larger  negatives,  such  as  the  8x10- 
in.,  and  for  this  reason  the  professional  pho- 
tographer is  best  qualified  for  the  work.  Blue- 
prints, however,  are  a  great  deal  cheaper,  can  be 
very  easily  made  by  the  blueprinter  at  one-fourth  to  one- 
sixth  the  cost  of  photographic  prints,  and  are  excellent  to 
work  with.  A  still  finer  grade  of  blueprint  work  can  be 
obtained  by  the  use  of  the  best  quality  blueprint  paper, 
which  is  ordinarily  kept  in  stock  at  photographic  supply 
stores. 

When  a  set  of  tracings  are  not  available  for  photogra- 
phic reduction,  blueprints,  preferably  deeply  printed,  will 
serve.  The  difference  in  the  results,  however,  is  that  the 
photographic  negative  from  a  blueprint  will  give  white 
lines  on  a  dark  background  when  printed.  This  is  not  a 
serious  objection  from  the  standpoint  of  clearness. 

Lithoprint  reductions  can  be  obtained  from  photogra- 
phic negatives,  by  using  a  blueprint  made  from  the  glass 
negative,  in  the  manner  detailed  under  "Lithoprints,"  and 
where  more  than  a  few  copies  are  desired,  the  method  is 
economical,  compared  to  photographic  prints  and  gives 
neat  black  line  results  on  a  white  ground.  Lithoprint  re- 
duction can  also  be  obtained  by  the  ink-o-graf  process, 
previously  discussed.  Lithoprint  reduced  drawings  bound 
in  6x9-in.  or  8V2xll-in.  pamphlets  are  becoming  deserved- 
ly popular  for  contract  drawings. 

The  camera  can  also  be  used  for  the  enlargement  of 
drawings,  which  is  sometimes  required  for  public  exhi- 
bition work.  Here  the  original  is  photographed  on  a 
glass  plate  of  convenient  size  and  then  an  enlargement 
made.  Expense  and  time  can  be  saved  by  this  method 
where  small,  intricate  drawings  need  to  be  shown  to  large 
groups  of  people,  such  as  at  council  meetings,  technical 
meetings,  lectures  and  exhibitions,  when  a  stereoptican 
is  not  available. 

Rectigraph  Prints. — Lare  engineering  organizations 
are  finding  it  economical  and  advantageous  to  install  as 
part  of  their  drafting  room  equipment  a  rectigraph  or 
photostat  machine,  but  smaller  firms  can  have  their  work 
done  by  commercial  rectigraph  operators.  The  recti- 
graph process  is  simply  photography  directly  upon  sensi- 
tized, paper  without  the  intervention  of  the  usual  glass 
negative,  thereby  eliminating  that  expense.  The  recti- 
graph machines  now  on  the  market  are  largely  auto- 
matic in  character  and  prints  can,  in  from  one  to  two 
m.inutes,  be  e.xposed,  fixed,  washed  and  dried  by  the 
turning  of  a  crank. 

Any  kind  or  size  of  a  drawing  can  be  handled  and  re- 
produced in  reduced  or  enlarged  form  by  this  process. 
Other  names  by  which  this  process  is  sometimes  called 
are  photoprinting  or  photostat  work.  The  rectigraph  is 
of  prime  utility  in  speedily  obtaining  reproductions  or 
reductions  of  drawings  that  cannot  be  reproduced  by 
the  other  common  processes.  By  means  of  this  machine 
copies,  full  size,  reduced  or  enlarged,  as  may  be  desired, 
can  be  obtained  from  blueprints,  from  drawings  on 
opaque  paper  or  from  plates  in  books  and  magazines. 

The  rectigraph  or  photoprint  process  is  well  adapted 
to  the  reduction  of  pencil  drawings.  The  results  from 
white  paper  drawings  are  very  good  and  from  yellow 
detail  paper,  which  one  would  expect  would  hinder  the 
photographic  work,  the  results  are  almost  equally  sat- 
isfactory. When  reproductions  of  a  drawing  are  wanted 
in  a  hurry,  the  rectigraph  becomes  almost  invaluable 
as  it  eliminates  the  necessity  of  making  a  tracing. 

The  rectigraph  process  employs  bromide  paper,  re- 
sulting in  dark  brown  lines.  A  print  from  a  tracing  is 
a  negative;  that  is,  the  black  lines  of  the  tracing  become 
white  lines  on  the  dark  brown  background  of  the  rec- 
tigraph print.  If  prints  with  black  lines  on  white  ground 
are  desired,  reproductions  are  then  made  from  the  nega- 
tive. Copy  prints  from  blueprints  are  positives;  that 
is,  dark  lines  on  white  ground;  in  this  case  the  blue- 
print serves  as  the  negative  and  the  results  produced 
are  very  satisfactory. 
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The  capacity  of  the  largest  rectigraph  machine  is  a 
finished  print,  18x24  in.;  the  smallest  size  ordinarily 
made  is  6x12  in.  The  10x12  print  trimmed  to  8Vi;xll 
in.  is  the  size  most  commonly  used,  and  its  cost  ranges 
on  a  sliding  scale,  from  20  ct.  for  a  single  print  to  12',- 
ct.  per  print  when  25  copies  of  the  same  print  are  re- 
quired. 

Photo-Lithography. — The  photo-lithographic  process 
for  the  reproduction  of  reduced  engineering  drawings, 
as  developed  by  Hart  of  New  York,  produces  prints  that 
are  of  the  finest  grade  of  work.  It  has  been  employed 
by  the  New  York  Board  of  Water  Supply  and  other  large 
engineering  organizations  for  the  reproduction  of  their 
contract  plans  with  results  that  have  been  highly  sat- 
isfactory. It  is  a  development  of  ordinary  lithography 
and  the  process  is  such  that  color  printing  on  maps,  etc., 
can  be  performed  if  desired. 

The  first  step  in  the  process  is  the  photographing  of 
the  tracing  to  be  reproduced  upon  a  glass  negative.  At 
this  lime  the  reduction  is  also  made,  and  should  it  be 
desired  to  reproduce  a  very  large  map  upon  a  sheet  of 
a  size  greater  than  the  size  of  the  camera,  as  many  neg- 
atives as  are  necessary  are  made  of  portions  of  the  draw- 
ing and  these  are  later  matched  together. 

From  the  glass  negative  a  positive  print  is  then  made 
upon  paper  that  is  specially  prepared  and  sensitized  for 
the  process  and  the  print  treated  with  gelatine  and  other 
materials  involved  in  the  technique  of  lithography  and 
then  applied  to  the  lithographic  stone.  The  impression 
from  the  print  to  the  stone  is  transferred  by  pressure 
and  after  going  over  with  gum  arable  and  ink,  the  stone 
is  ready  for  printing.  Additions  or  alterations  can  be 
readily  made  at  this  time.  The  prints  are  then  run  off 
in  a  flatbed  press  to  the  required  amount  and  the  stone 
then  cleaned  for  another  drawing  or  else  filed  for  a  sec- 
ond edition,   should  that  be  likely. 

The  process  is  not  an  inexpensive  one  and  is  not  eco- 
nomical to  employ  when  less  than  50  to  100  copies  are 
required.  A  20x28-in.  tracing  reduced  to  8x10  in.  and 
100  prints  run  off  therefrom  on  paper  will  cost  about 
|6,  or  6  ct.  per  print.  A  single  blueprint  of  the  original 
tracing  will  cost  about  the  same,  though  the  result  will 
of  course  diflfer  in  many  ways  from  the  lithograph  print. 
For  larger  number  of  copies  the  process,  however,  will 
give  results  that  are  highly  satisfactory  from  every 
viewpoint. 

Zinc  Cuts. — The  zinc  cut  method  of  reproducing  re- 
duced drawings  is  practically  limited  to  technical  period- 
icals and  other  printed  publications  where  hundreds  and 
possibly  thousands  of  copies  are  required.  The  prepara- 
tion of  drawings  for  such  work  has  a  technique  all  its 
own,  but  outside  of  stating  that  very  fine  lines  and  let- 
tering are  dimmed  and  sometimes  lost  in  the  reduction 
process,  which  is  a  photographic  one,  nothing  else  will 
here  be  said  concerning  it. 

Nevertheless,  zinc  cuts  can  be  of  service  in  engineer- 
ing drafting  rooms  for  the  preparation  of  blank  forms 
used  in  computation  and  sketching,  as  most  of  this  paper 
is  ruled  in  certain  prescribed  ways  and  has  various 
printed  headings  and  blanks.  By  preparing  an  original 
by  hand  and  then  making  a  zinc  cut  from  it,  as  many 
copies  as  desired  can  then  be  printed  and  the  cut  stored 
for  future  use. 

In  printed  engineering  reports  the  zinc  cut  should  find 
favor  as  a  ready  and  cheap  means  of  reproducing  ex- 
tensive typewritten  tabular  data.  They  can  be  prepared 
directly  from  a  typewritten  sheet  made  with  a  dark  rib- 
bon. Elisions  and  simple  changes  are  possible  and  the 
cuts  can  be  very  rapidly  made.  They  have,  of  course,  a 
potential  value  after  the  publication  of  the  report,  as 
another  edition  of  the  tables  might  later  be  desired. 

The  initial  cost  of  a  zinc  cut  print  is  rather  high,  as 
the  minimum  price  is  50  ct.  per  cut,  and  the  unit  price 
about  5  ct.  per  square  inch  of  cut.  This  makes  a  5x7-in. 
cut  cost  $1.75,  but  when  the  cost  of  the  cut  is  divided 
by  the  many  copies  produced  from  it,  the  cost  per  copy 
rapidly  decreases. 


Conclusions. 

When  the  question  of  reproducing  or  reducing  draw- 
ings is  presented  to  the  engineer  he  should  bear  in  mind 
that  each  of  the  processes  discussed  above  has  various 
advantages  and  disadvantages  as  well  as  other  natural 
limitations,  some  of  which  have  been  pointed  out.  The 
decision  to  employ  any  particular  process  can  be  best 
determined  only  after  a  careful  consideration  of  the 
quantity  of  prints  desired,  the  quality,  finish  and  ap- 
pearance of  the  work,  the  speed  of  production  possible, 
the  durability  of  the  product,  and  lastly  upon  the  cost. 
With  all  these  factors  considered  the  engineer  will  be 
better  able  to  decide  upon  that  process  which  will  pro- 
duce the  prints  required  in  the  least  time,  which  will  be 
of  a  quality  best  suited  to  their  future  use  and  at  a  min- 
imum total  expenditure. 


A  SIMPLE  ANT)  EFFICIENT  COST  KEEPING  SYS- 
TEM   FOR   CONCRETE    CONSTRUCTION.* 

The  object  of  this  thesis  is  to  outline  the  cost  keeping 
methods  used  by  the  Ferro-Concrete  Construction  Co., 
general  contractors  who  specialize  in  erecting  concrete 
buildings.  By  gradual  stages  this  firm  has  obtained  a 
workable  system  without  allowing  it  to  become  cumber- 
some. Too  much  detail  is  a  waste  of  money,  but  enough 
detail  must  be  had  to  make  the  cost  complete  and  as 
definite  as  possible. 

Recording  Labor. 

Every  contractor  realizes  the  necessity  of  care  in  keep- 
ing the  men's  time  accurately  so  as  to  avoid  overpayment 
or  underpayment.  The  former  is  a  direct  loss,  the  lat- 
ter indirect,  as  it  causes  discontent  and  dissatisfaction 
which  will  drive  away  the  better  class  of  labor. 

The  usual  custom  is  a  time-book  kept  by  the  time- 
keeper, and  this  is  often  the  sole  record  of  the  hours  put 
in  by  the  men.  A  better  way  is  the  time-clock,  where 
every  man  records  his  own  time.  It  requires  careful 
supervision  on  construction  work  as  overpayment  may 
result.  The  time-keeper  records  the  hours,  rate,  and 
amount  of  money  due  each  man  and  renders  weekly  pay- 
rolls to  the  main  oflice  from  which  the  men  are  paid.  At 
one  time  we  required  these  payrolls  to  indicate  how  much 
of  each  man's  wages  was  to  be  charged  to  each  main 
heading,  Forms,  Concrete,  Steel,  Finish,  etc.  This  was 
a  matter  of  memory  with  the  average  time-keeper  and 
after  the  payroll  was  made  up  he  hurriedly  went  through 
and  noted  what  he  thought  would  be  a  fair  division.  Few 
kept  any  record  to  even  guide  their  judgment  in  this  di- 
rection. 

The  present  system  brings  us  a  weekly  payroll  as  be- 

•Conciensetl  from  a  thesis  prepared  by  Harrv  J.  Gould  Cost  Enei- 
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fore,  but  the  divisions  are  omitted,  and  it  shows  only 
the  man's  number,  his  name,  hours,  rate,  and  amount. 
Cards  are  made  up  daily,  on  which  the  time-keeper  notes 
in  symbols  what  each  man  does.  The  time-keeper  makes 
a  round  of  the  job  and  as  he  finds  each  man  he  enters 
the  symbol  denoting  his  work  at  that  time.  By  making 
several  rounds  of  the  job  and  by  noting  the  time  when 
important  changes  are  made,  such  as  when  concrete 
starts  or  stops,  when  all  floor  steel  is  laid,  etc.,  he  can  get 
very  close  to  the  correct  time  for  each  item  of  work  done 
by  each  man  that  day.  I  say  "very  close."  Absolutely 
accurate  time  is  practically  impossible  to  record,  as  the 
men  change  so  often  and  unexpectedly  that  they  them- 
selves could  hardly  tell  the  exact  division  for  each  item 
of  work  done.  So  many  timekeepers  would  be  required 
to  keep  track  of  the  time  in  absolute  detail  that  the  sys- 
tem would  be  too  expensive  to  be  practical. 

On  checking  his  men  out  at  night  the  time-keeper  notes 
the  total  hours  for  each  man  on  the  daily  card  and  later 
transfers  the  hours  to  his  time-book  or  checks  with  the 
clock-card.  The  cards  are  sent  to  the  main  office  daily. 
At  the  end  of  the  week  a  payroll  sheet  is  made  out 
and  sent  in.  This,  with  the  cards,  gives  the  office  com- 
plete information  as  to  the  money  spent  for  labor  on  each 
item. 

Symbols. 
The  symbols  used  are  mnemonic  in  character  and  di- 
vide the  work  in  convenient  units  for  recording.  In  our 
original  system  only  the  main  headings  were  used.  Forms, 
Concrete,  Steel,  Finish,  Excavation,  etc.,  but  after  our 
records  showed  $1,500  spent  on  Forms  we  had  little  idea 
of  how  we  stood.  When  we  see  $500,  making  forms,  $100 
equipment,  $100  unloading  and  $300  erecting  we  have  a 
very  much  clearer  idea  of  what  the  job  is  costing  than 
before,  and  a  still  better  idea  when  our  records  show 
the  unit  cost  of  each  of  these  items. 

In  the  code  the  main  divisions  are  capital  letters,  as 
"F"  for  Forms,  "C"  for  Concrete,  etc.  Each  is  subdi- 
vided into  five  headings,  using  vowels  a,  e,  i,  o  and  u. 
These  are  used  in  the  order  of  sequence  of  work.  In 
general  "a"  is  for  equipment,  "e"  for  unloading  material, 
"i"  is  the  first  operation  and  "o"  the  second  operation, 
with  "u"  for  the  final  one,  as  cleaning  up  rubbish,  etc. 

These  general  classifications  apply  to  every  job,  and 
special  ones  are  also  used  for  unusual  cases  on  special 
work,  a  list  of  which  are  furnished  by  the  office,  though 
the  time-keepers   are  instructed  to  originate  such  char- 
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acters  as  they  require  in  case  of  changes  or  unexpected 
conditions  arising.  These  are  explained  on  the  daily  card 
on  which  they  first  occur.  Having  the  cost  of  work  on 
each  of  these  symbols  we  need  the  quantity  of  work  to 
deduce  a  unit  cost  of  each  item. 

Weekly  Report  of  Work. 

At  the  start  of  the  job  the  Engineering  Department 
analyzes  the  estimate,  or  makes  up  a  new  estimate  when 
necessary  because  of  changes  in  design,  and  divides  the 
work  in  such  units  as  will  be  built  separately.  This  will 
show  the  quantity  of  each  class  of  work  in  a  whole  floor 
if  not  too  large,  or  in  a  certain  clearly  defined  section 
of  a  floor  which  is  a  definite  stopping  place,  in  the  prog- 
ress of  the  work.  Form  I  shows  the  general  scheme  fol- 
lowed. 

On  the  close  of  a  week's  work  the  time-keeper  notes 
the  status  of  the  work  in  parts  of  these  units.  Thus, 
"All  footings  concreted  and  wrecked;  Basement  walls. 
Forms  complete,  concrete  N.  &  E.  sides;  Columns.  Forms 
for  10;  First  Floor,  Forms  1/6  complete,"  etc.  With  these 
notes  he  can  go  to  the  schedule  of  quantities  and  take 
off  readily  the  most  of  these  items  for  his  quantity  report. 
Generally  he  will  have  to  figure  some  quantities,  as  Ex- 
cavation, which  is  impossible  to  schedule  to  advantage, 
also  Cement  Finish,  Basement  floors,  sills,  etc.  These 
quantities  can  be  taken  from  the  plans  or  from  actual 
measurements  of  the  work. 

Where  the  job  is  subject  to  numerous  changes  and 
extras  the  quantities  must  be  figured  on  the  job  and  the 
scheduled  quantities  used  only  as  a  check.  This  report 
of  quantities  is  approximate  and  subject  in  a  certain 
measure  to  the  time-keeper's  judgment.  This  is  impossi- 
ble to  eliminate.  If  every  board  be  figured  in  forms  act- 
ually erected  we  have  still  more  uncertain  quantities. 
For  instance,  if  forms  for  20  columns  are  standing  at 
the  end  of  the  week  they  may  be  anywhere  from  30  to 
80  per  cent  complete,  depending  on  ledgers,  plumbing, 
clamping,  cut-off's,  etc.  In  this  instance  and  in  many 
others,  the  judgment  of  the  time-keeper  or  foreman  must 
be  used.  Suppose  the  amount  of  first  floor  forms  be  es- 
timated too  low.  We  treat  this  as  an  estimate  purely  until 
the  whole  first  floor  is  complete,  perhaps  a  week  later, 
and  then  we  have  a  complete  report  on  the  entire  unit. 
If  the  estimate  shows  a  tremendously  high,  or  abnormally 
low  cost  we  call  the  time-keeper's  attention  to  the  fact 
that  his  judgment  may  have  erred,  and  ask  him  and 
the   foreman  to  watch  the  item  on  the  following  week. 
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We  therefore   get   an   approximate   cost   until   a   unit   of 
floor  is  complete,  and  then  the  cost  is  accurate  within 
the  limits  of  error,  as  above  discussed. 
Office  Work. 

As  the  daily  cards  come  in  they  are  totalled  as  to  money 
spent  for  each  symbol.  The  sum  of  these  totals  should 
equal  the  payroll,  and  we  have  set  an  arbitrary  limit  of 
lo  of  1  per  cent  as  an  allowable  error.  We  find  that  the 
majority  of  the  work  comes  well  within  the  limits,  and 
careful  investigation  of  errors  beyond  this  limit  and  a 
report  of  same  to  timekeepers  has  the  effect  of  keeping 
them  keyed  up  to  the  importance  of  accuracy.  The  errors 
are  thrown  to  the  item  of  "G,"  which  stands  for  "Gen- 
eral Expense"  and  includes  regularly  time-keeper,  watch- 
man, waterboy,  etc.,  as  explained  on  page  6-A.  We  find 
errors  are  not  cumulative,  but  generally  offset  each  other 
very  closely. 

Record  of  the  labor  on  each  job  is  kept  in  separate 
folders  on  loose  leaf  sheets  8I2XII  in.,  ruled  in  three 
general  columns.  In  these  columns  we  enter  under  the 
proper  symbols  the  date  and  amount  spent  each  week  on 
that  item,  and  bring  down  a  total  to  date  in  red  ink.  The 
amount  of  work  done  is  also  entered,  and  a  unit  cost  for 
the  week  figured.  Then  from  the  total  work  to  date  and 
the  total  cost  the  total  unit  cost  to  date  is  figured.  (See 
Form  II.) 

The  total  costs  of  the  three  main  divisions  of  our  work 
(concrete,  forms  and  steel)  are  obtained  each  week  by 
summing  up  these  various  units  in  their  proper  relation. 
This  requires  care  and  the  exercise  of  good  judgment  in 
weighing  the  miscellaneous  items.  For  instance,  equip- 
ment and  perhaps  unloading  costs  come  in  at  the  very 
start  before  any  actual  work  is  erected.  The  cleaning  up 
items  may  come  in  only  after  considerable  work  has  been 
done.  In  the  former  case  our  practice  is  to  estimate  a 
unit  for  a  few  weeks,  then  use  a  fractional  part  of  the 
equipment  cost,  and  in  case  of  forms  a  fractional  part 
of  the  unloading  also.  We  use  an  estimated  figure  of 
what  the  cleaning  up  item  will  likely  amount  to  until  it 
begins  to  come  in  regularly  enough  to  actually  figure. 
Such  estimates  are  always  indicated  by  an  abbreviation 
"Est.,"  or  by  the  fractional  part  used,  as  "V3." 
Weekly  Labor  Summarj'. 

A  report  of  these  weekly  unit  costs  and  the  total  unit 
costs  is  made  up  each  week.  It  also  shows  the  totaling  of 
the  main  divisions,  comparing  same  with  the  previous 
work,  or  with  the  estimate.  Notes  and  comments  are 
freely  used,  and  unusual  items  underscored  in  red  ink 
for  special  attention.  These  are  made  out  in  the  same 
symbols  as  the  time-keeper's  code,  so  that  the  uninitiated 
would  not  be  able  to  decipher  it  intelligently.  The  amount 
of  cement  used  per  yard  and  any  other  material  items 
which  may  have  been  specially  checked  will  appear  on 
this  report  also.  One  copy  goes  direct  to  the  superin- 
intendent  on  the  job.  another  to  the  officers  of  the  com- 
pany for  inspection.    These  reports  are  referred  to  in  the 


weekly  e.xecutive  meeting,  in  which  all  current  work  is 
checked  up  as  to  time,  delays,  cost  of  work,  etc.  A  sample 
of   this   report   is   shown   by   Form   III. 

Curves. 

On  large  jobs  we  have  found  it  advantageous  to  use 
curves  to  show  the  w-eekly  fluctuation  of  the  main  items 
of  labor.  The  estimated  labor  cost  is  a  straight  line; 
when  the  curve  goes  above  this  line  we  are  losing  money, 
when  below  we  save  over  our  estimate.  These  have 
proven  very  satisfactory,  but  are  only  used  on  large  jobs 
where  the  work  extends  over  several  months.  The 
small  jobs  are  complete  before  the  items  of  equipment, 
unloading,  etc.,  can  be  properly  proportioned. 
Recording  Materials. 

The  daily  report  shows  the  receipts  of  all  items  at 
the  work.  It  is  made  out  and  sent  to  the  main  office 
daily  by  the  time-keeper.  The  name  of  dealer,  quantity 
and  description  is  given,  also  price,  if  this  has  been  left 
to  the  job  to  buy.  On  receipt  of  these  daily  reports  at 
the  main  office  the  dealers'  bills  are  O.K.'d  by  the  pur- 
chasing department.  These  bills  then  go  to  the  cost  de- 
partment for  entry;  this  entn-  must  be  made  promptly 
to  avoid  delay  in  pa.vment  and  a  possible  loss  of  dis- 
count. Hence  they  are  entered  at  once  in  a  loose-leaf 
ledger  by  jobs,  showing  the  dealer's  name,  quantity, 
description,  price,  gross  bill,  freight  deductions,  and 
net  bill.  The  bill  is  initialed  and  passed  along  to  the 
bookkeeper  for  further  record  and  navment.  Periodically 
the  cost  ledger  and  the  bookkeeper's  ledger  are  balanced, 
and  any  errors  or  omissions  corrected. 

From  this  cost  ledger  the  items  are  transferred  to  the 
folder  records  for  each  job  and  each  entry  is  classified 
under  its  proper  heading    or    headings.     Thus,  cement 
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bought  and  the  freight  is  in  one  column,  the  hauling  in 
another;  freight  on  empty  sacks,  credits  for  empty  sacks, 
testing,  etc.,  are  separate  items  on  each  job.  The  amount 
and  cost  of  each  material  is  thus  readily  available  for 
comparison  with  the  estimate,  or  for  figuring  costs.  See 
Form  IV  for  a  sample  of  this  sheet. 

Analysis  of  Estimate. 
As  made  up  for  bidding,  an  estimate  rarely  is  divided 
■so  that  the  amounts  of  either  labor  or  exact  materials  are 
available  without  further  analysis.  This  analysis  is  made 
by  the  cost  department  soon  after  the  contract  is  signed, 
and  shows  the  labor  items  by  symbols  divided  as  the 
work  will  be  done,  giving  estimated  quantity  and  esti- 
mated unit  cost.  The  materials  are  totaled  and  include 
hauling,  miscellaneous  expense,  etc.,  all  listed  separately 
in  such  separate  headings  as  are  found  by  experience  to 
be  most  advantageous.  Both  of  these,  but  more  especially 
the  labor,  may  vary  from  the  actual  estimate,  and  be 
based  on  what  experience  indicates  the  work  should  be 
done  for.  Hence,  if  mistakes  be  made  in  the  original  es- 
timate the  job  is  still  placed  on  its  merits. 

The  net  variance  from  the  estimate  when  a  saving  is 
carried  as  a  contingency  item  to  care  for  unexpected  con- 
ditions, delays,  etc.  This  analysis  may  be  carried  into 
too  little  or  too  great  detail  until  the  most  advantageous 
divisions  are  found.  They  soon  develop  into  a  standard 
form,  so  that  this  question  is  not  long  a  troublesome  one. 
Bi-Monthly  Status. 
A  comparison  of  actual  results  and  those  previously 
ej^timated  is  now  possible,  and  a  sheet  is  prepared  ap- 
proximately every  two  months,  showing  what  each  item 
of  labor  was  expected  to  cost,  both  in  units  and  total,  and 
what  it  has  cost.  The  total  saving  or  the  loss  is  figured 
and  entered  for  each  item,  or  group  of  items.  This  brings 
in  all  materials  and  all  the  labor,  so  a  total  net  saving  or 
net  loss  gives  the  true  status  of  the  job  on  that  date. 

In  making  this  comparison  allowance  must  be  made  for 
materials  on  hand  for  future  work,  and  requires  a  fairly 
accurate  knowledge  of  the  job  conditions  at  the  time. 
This  statement  goes  to  the  job  superintendent  and  also  to 
the  officers  of  the  company  for  inspection  and  criticisms. 
Its  totals  show  whether  the  job  is  making  or  losing  money, 
and  by  looking  through  the  items  the  source  of  the  profit 
or  loss  may  be  determined. 

Final  Analysis. 
At  the  close  of  a  job,  after  all  claims  and  delayed 
bills  are  adjusted,  the  cost  of  each  item  in  the  esti- 
mate is  figured  in  more  detail.  The  bi-monthly  state- 
ments do  not  show  what  part  of  the  concrete  materials 
bought  have  been  used  in  the  basement  floor,  for  instance. 
Materials  for  such  items  are  separated  from  the  concrete 
work,  priced  and  entered  as  the  material  cost  on  these 
items,  from  which  the  unit  material  cost  is  figured.  Like- 
wise, a  proportionate  part  of  the  labor  on  equipment, 
unloading,  and  cleaning  up,  is  added  to  the  direct  labor 
cost.  We  now  have  a  total  labor  and  total  material  charge 
on  each  item  of  the  original  estimate  and  by  comparing 
the  estimate  with  the  actual  cost  we  can  find  the  profit 
or  loss  on  each  more  definitely  than  in  the  bi-monthly 
reports. 

These  final  analyses  are  entered  in  the  permanent  cost 
record  in  detailed  form  for  future  reference.  On  this 
record  sheet  we  also  figure  the  actual  cost  per  square  foot 
of  floor  of  the  concrete  only,  and  then  of  the  various  sub- 
contract branches.  A  shoi-t  description  of  the  job,  the 
prices  of  main  materials  and  labor,  and  notes  regarding 
job  conditions  make  this  a  valuable  record  for  later 
reference. 

Personal. 
This  system  of  recording  costs,  as  now  operated,  re- 
quires no  additional  men  on  the  jobs.  It  does  require 
some  ability  in  reading  plans  on  the  part  of  the  timekeep- 
ers, which  has  brought  us  to  favor  young  engineers  for 
such  work.  Should  they  show  executive  ability  training 
in  timekeeping  makes  them  the  more  valuable  to  us  as 
foremen  or  superintendents. 

The  office  work  at  present  requires  the  full  time  of  two 


men.  Their  reports  are  inspected  and  supervised  by  the 
writer,  who  takes  up  any  unusual  items  with  the  super- 
intendent and  the  office.  Our  plan  has  been  to  go  to  the 
job  and  carefully  investigate  the  high  costs  and  we  are 
working  with  that  end  in  view,  although  a  great  deal  must 
be  left  to  the  superintendent.  He  is  in  a  better  position 
to  go  into  the  details  of  high  cost  items  than  we  from  the 
office.  If  he  be  interested  in  his  cost  reports  and  co-op- 
erates with  us  to  secure  promptness  and  accuracy  on  the 
part  of  the  timekeeper  our  work  is  much  simplified.  We 
are  glad  to  receive  the  superintendent's  criticisms  of  the 
reports,  as  they  show  that  he  is  interested  and  is  watch- 
ing them  closely. 


PERSONALS. 

Robert  Caldwell  has  been  appointed  city  engineer  of  Richland  Cen- 
ter,  Wis. 

H.  S.  Riddle  has  resigned  his  position  as  chief  consulting  engineer 
of  the  State  Board  of  Administration  of  Ohio. 

M.  F.  Northam,  office  engineer  of  the  Southern  Railway  at  Wash- 
ington, D.   C.  has  been  appointed  supervising  engineer. 

T.  R.  Ratliff  has  been  appointed  engineer  maintenance  of  way  of 
the  Indianapolis  Union  Railway,  with  ofBce  at  Indianapolis,  Ind. 

F.  B,  Tapley  has  been  appointed  an  assistant  engineer  of  the 
Canadian  Government  Railways  with  headquarters  at  Moncton,  N.  B. 

Charles  M.  Edwards,  heretofore  resident  engineer  of  the  New  York 
.State  Highway  Department,  has  been  promoted  to  the  position  of 
division  engineer. 

C.  D.  Peacock,  for  the  past  four  years  city  engineer  of  Brainerd, 
Minn.,  has  resigned,  and  Louis  Knudson  of  Brainerd  has  iieen  ap- 
pointed to  succeed  him. 

•James  H.  Ellison  of  the  firm  of  Winston  Bros.,  ^'ailroad  contractors, 
^Minneapolis,  and  M.  F.  Nichols  of  Thompson  Falls,  Mont.,  have  pur- 
chased the  Thompson  Falls  Water  Works  Co. 

Frank  J.  Engel  and  Herman  F.  Kevenor  have  organized  the  firm 
of  Engel  &  Hevenor  and  will  engage  in  an  engineering  and  contract- 
nig  business  with  offices  at  220  Broadway,  New  Tork, 

Lieut. -Col.  J.  ^^'.  Stewart,  a  well  known  railroad  contractor  of 
f^^anada,  is  now  with  the  2r>9th  Railway  Construction  Corps  with 
headquarters  at  Valcartier,  Canada.  This  corps  is  being  organized  for 
tile  building  of  railroads  for  the  conveyance  of  ammunition,  guns  and 
hospital  supplies  in  the  European  war  zone.  Each  company  will  con- 
.sist  of  four  blacksmiths,  three  fitters,  twenty-five  bridgemen  and 
carpenters,  four  enginemen  and  150  tracklayers  and  teamsters,  with 
cooks,  tailor  and  shoemaker.  Lieut. -Col.  Stewart  was  president  of 
tlie  Pacit^c  Gieat  Eastern  Railway,  which  is  l.milding  a  connecting 
Unk  with  the  Grand  Trunk  Pacific  into  Vancouver,  B.  C.  All  the 
officers  of  the  corps  have  been  especially  chosen  for  their  experience 
in  railroad  construction. 

Clarence  D.  Pollods  member  Am.  Soc.  C.  E. ,  consulting  engineer, 
'.vitk  offices  in  the  Park  Row  building.  New  Tork  City,  and  Geor,ge 
A.  Taber,  member  Am.  Soc.  C.  E.,  con.sulting  engineer,  who  has  been 
associated  for  the  past  three  years  with  the  offices  of  Nicholas  S.  Hill, 
Ir..  and  .S.  F.  Ferguson.  New  York  City,  have  formed  a  partnership 
under  the  name  of  Pollock  &  Taber  for  the  purpose  of  extending  the 
consulting  practice  of  3Ir.  Pollock  into  broader  fields.  The  firm  will 
specialize'  in  pavements,  water  supply,  sewerage  and  sewage  disposal 
for  pi-ivate  concerns  and  municipalities.  Mr.  Pollock  has  had  over 
twenty  years  of  practical  experience,  having  had  char.ae  of  the  paving 
of  New  York,  Brooklyn,  Havana,  Cuba,  and  San  Antonio,  Texas.  He 
;'.lso  had  a  varied  experience  in  sewerage  construction  and  drainage 
and  as  an  expert  in  litigation.  Mr.  Taber  has  been  engaged  in  water 
supply  engineering  for  over  fifteen  j'ears.  He  has  successfully  been  in 
charge  of  the  designing,  maintenance  and  construction  work  of  the 
Department  of  Water  Supply  in  various  boroughs  of  New  York  City 
for  Three  years  and  w"as  engineer-in-charge  of  the  main  office  of  the 
Croton  Aqueduct  Commission,  during  which  time  se^'eral  large  ma- 
sonry dams  on  the  Croton  watershed  were  constructed.  He  also  has 
had  extensive  experience  in  connection  with  the  development  of 
water  power,  fire  protection,  street  cleaning  and  sewage  disposal, 
and  in  the  valuation  of  private  water  companies  for  municipal  and 
state  purchase.  Jlr.  Taber  will  retain  his  connection  with  the  Poly- 
technic Institute  of  Brooklyn  as  consulting  professor  of  water  supply 
and  sewa.ge  disposal.  The  new  firm  will  have  its  offices  in  the 
Park  Row  building,  New  York  City. 


OBITUARY. 

Hush  Murphv,  a  well  known  paving  contractor  of  Omaha.  Nebr., 
(lied  recently  at  Old  Orchard,  Me.,  after  a  lingering  illness.  He  was 
04  years  old' and  had  lived  in  Omaha  since  1S7S. 

Robert  I.  Pierson  of  Sunnysouth,  Ala.,  superintendent  of  the  Hard- 
wav  Company,  in  the  construction  of  a  bridge  over  the  Catawba  River 
near  Nitrolec,  S.  C,  was  i^lUed  last  week  by  negro  laborers  in  endeav- 
oring to  stop  a  disturbance  in  the  camp. 

NEW  CATALOGS. 

Filing  Cabinet.— Paper:  .">  in.  x  7~4  in.;  16  pp.  Yawman  &  Erbe 
Mfg.  Co..  Rochester.  N.  Y. 

The  cabinet  descrined  in  this  catalog  has  been  designed  for  the 
filing  of  drawings,  sketches, "blue  prints,  etc.  It  is  of  the  vertical  type 
and  it  is  especially  adapted  to  the  needs  of  architects,  draftsmen, 
engineers  and  contractors. 

Microscopes, — Paper;  5%  in.  x  9%  in.;  1)2  pp.  Bausch  &  Lomh 
Optical  Co.,  Rochester,  N,  Y. 

This  is  the  twenty-fourth  edition  of  the  microscope  catalog  of  the 
company.  It  ccntains  illustrations  and  descriptions  of  the  complete 
!me  of  goods  made  by  this  firm.  The  company's  new  apochromatic 
objectives  are  listed  in  this  catalog.  This  complete  series  of  true 
■xpochromatics  is  the  first  to  be  offered  by  an  American  manufacturer. 

Engineering  Instruments. — Paper;  10  in.  x  12  in.  C.  L.  Berger  & 
Sons.  41   William  St..  Boston,  Mass. 

Five  bulletins,  as  follows,  have  been  issued  by  this  concern  de- 
scribing the  various  types  of  Berger  transits  and  levels:  No.  1,  Moni- 
tor tvne  Wve  anc"  dumpy  levels;  No.  2.  engineers'  and  surveyors' 
transit'-  No.  '"i,  Monitor  transit;  No.  4,  transits;  No.  5.  5iA-inch  Jlonitor 
transit.  Full  descriptions  of  each  of  these  instruments  and  illustra- 
tions of  the  complete  instrument  and  its  parts  are  given.  Several 
■if  the  bulletins  contain  views  of  notable  construction  works  on  which 
these  instrutnents  were  used. 
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ABSENCE  OF  "PORK  BARREL"  METHODS  IN  THE 
FEDERAL-AID  ROAD  LAW. 

A  few  daily  papers  have  commented  unfavorably  upon 
the  recently  enacted  federal  road  law.  Generally  these 
adverse  comments  come  from  editors  not  well  acquainted 
with  the  provisions  of  the  law.  Accordingly,  it  will  be 
wise  for  civil  engineers  to  write  to  the  editors  of  pe- 
riodicals in  which  criticism  of  the  law  appears. 

The  editor  of  Engineering  and  Contracting  recently 
wrote  a  letter  to  the  editor  of  the  Public  Ledger  of  Phila- 
delphia. The  letter  was  printed  in  the  Ledger,  and  we 
reprint  it  here : 

"Sir:  I  was  sorry  to  see  in  your  editorial  columns  this 
morning  reference  to  the  federal  road  aid  appropriation 
as  one  to  be  classed  among  the  'pork  barrel'  bills. 

"Whether  federal  aid  in  road  building  shall  become  a 
messmate  with  the  rivers  and  harbors  bills  is,  of  course, 
a  matter  of  concern  to  all  who  want  to  see  wise  expendi- 
ture of  public  funds.  The  road  bill  just  passed  by  Con- 
gress was  carefully  drawn  to  prevent  'pork  barrel'  meth- 
ods of  distribution  of  public  funds.  It  provides  that  for 
every  dollar  supplied  from  the  treasury  of  Uncle  Sam 
another  dollar  must  be  matched  against  it  by  the  state 
that  profits  from  the  building  of  roads  with  federal 
money.  No  such  provision  as  this  has  ever  guarded  the 
government's  expenditures  for  rivers,  harbors  and  post 
offices. 

"You  may,  of  course,  question  the  economic  wisdom  of 
national  aid  in  road  building,  but  that  is  another  matter. 
I  know  that  many  editors  likewise  questioned  state  aid  in 
road  building  when  it  was  first  proposed,  about  20  vears 
ago.  All  opposition  to  state  aid  was  grounded  on  the 
same  reasoning  as  the  present  opposition  to  federal  aid. 
Roads  were  declared  to  be  like  city  streets,  merely  local 
structures  that  could,  be  built  and  maintained  with  local 
funds.  Who  is  there  now  who  objects  to  state  aid  in 
road  building?  State  highway  commissioners  have  proved 
both  their  efficacy  and,  with  rare  exceptions,  their  hon- 
esty. What  the  farmer  would  not,  or  could  not,  do  un- 
aided by  residents  of  cities  is  at  last  being  done,  at  least 
in  a  measure.  Good  roads  are  beginning  to  be  built  in  all 
parts  of  America,  and  very  largely  as  the  direct  results 
of  state  aid. 

"But  a  vast  deal  remains  to  be  done.  I  estimate  that 
all  the  country  roads  in  America  can  be  reproduced  for 
less  than  $3,000,000,000,  whereas  it  would  take  more  than 
$20,000,000,000  to  reproduce  all  the  railways.  There  are 
10  miles  of  road  to  every  mile  of  railway,  and  more  farm 
produce  is  hauled  over  the  roads  than  over  the  railways. 
The  investment  in  roads  should  fully  eoual  the  investment 
in  railways  if  a  w^ell-balanced  plant  for  use  in  hauling 
agricultural  produce  is  to  be  secured. 

"The  cost  of  the  2,500,000  automobiles  in  America  is  al- 
most as  great  as  the  cost  of  reproducing  all  the  roads. 
The  cost  of  the  railways,  on  the  other  hand,  is  about  six 
times  the  cost  of  the  engines  and  cars.  Some  such  ratio 
of  investment — six  to  one — between  roads  and  automo- 
biles will  eventually  be  secured,  but  we  are  a  long,  long 
way  from  the  desired  Tipperary. 

"If  roads  are  of  more  than  county  or  township  value — 
and  everyone  concedes  now  that  they  are — it  is  eaually 
certain  that  they  are  of  more  than  state  value.  Take, 
for  instance,  the  main  road  from  here  to  Boston.  It  is  as 
truly  an  interstate  highway  as  the  railway  it  parallels. 
Along  the  Texas  frontier  there  are  no  roads  worthy  the 


iiame  of  highway,  and  there  never  will  be  if  Texas  is  left 
to  build  them,  unaided.  Yet  for  military  purposes  alone 
a  system  of  national  highways  should  be  built  in  all 
the  states  that  border  Mexico.  And,  if  this  is  true  there,  it 
is  perhaps  even  more  important  that  all  our  frontiers  be 
supplied  with  federal  highways  for  military  purposes  in 
time  of  war  and  for  commercial  and  pleasure  use  in  times 
of  peace. 

"The  use  of  auto  trucks  has  again  brought  the  military 
road  to  the  fore  as  one  of  the  most  essential  parts  of  any 
system  for  national  defense.  Not  since  the  days  of  the 
Romans  have  roads  for  purely  military  purposes  been  so 
well  justified  as  they  now  are.  Fortunately,  a  military 
road  is  not  like  a  fort  or  a  gun,  useless  save  for  military 
purposes. 

"But,  entirely  aside  from  use  for  military  or  postal 
service  purposes,  I  believe  that  t"he  federal  government 
should  lend  financial  aid  to  the  states  in  building  roads. 
There  is  in  the  aggregate  a  vast  general  profit  to  be  de- 
rived from  good  roads,  a  profit  that  cannot  be  recovered 
by  those  who  live  along  or  near  the  roads.  Since  this 
general  profit  accrues  to  the  benefit  of  every  citizen,  it 
devolves  upon  the  entire  nation  to  share  in  the  cost  that 
makes  the  profit  possible." 


THE 


'MUNICIPAL  IMPROVEMENTS"  CONVENTION 
IN  OCTOBER. 


The  American  Society  of  Municipal  Improvements  holds 
its  annual  convention  Oct.  9  to  13  at  Newark,  N.  J. 

This  society,  although  23  years  old,  has  membership 
in  only  235  cities.  The  secretary,  Mr.  Charles  C.  Brown, 
in  conducting  a  vigorous  campaign  to  increase  the  mem- 
bership, states  that  there  are  3,500  cities  that  should  be 
represented  by  membership. 

May  we  suggest  that  the  society  would  be  apt  to  show 
more  rapid  growth  were  its  interests  confined  to  those 
of  the  city  engineer?  Has  the  society  not  spread  its 
butter  too  thin  in  past  years? 

The  average  city  engineer  has  little  to  do  with  the 
lighting  of  city  streets,  for  example.  Hence  papers  on 
street  lighting  interest  him  very  little.  For  similar  rea- 
son, he  is  little  interested  in  discussions  of  fire  protec- 
tion problems,  as  a  rule.  By  excluding  these  and  other 
pi-oblems  that  lie  be\'ond  the  province  of  the  average  city 
engineer,  and  by  confining  its  discussions  to  the  common 
problems  of  the  city  engineer,  we  believe  that  this  society 
will  grow  more  rapidly  than  in  the  past. 

The  convention  at  Newark  is  one  that  city  engineers 
will  do  well  to  attend. 


TRACTIVE   RESISTANCE   TESTS  WITH   AN    ELEC- 
TRIC MOTOR  TRUCK. 

By  the  measurement  of  electricity  consumed  in  pro- 
pelling electric  motor  trucks  it  is  now  possible  readily  to 
secure  data  as  to  tractive  resistances  at  various  speeds 
and  under  different  conditions.  At  a  recent  meeting  of 
New  England  electrical  men  in  Boston,  Prof.  Dugald  C. 
Jackson  outlined  the  results  of  some  tests  made  by 
Messrs.  Kennelly  and  Schurig  of  the'  research  division 
of  the  Massachusetts  Institute  of  Technology.  Details 
of  the  tests  are  to  be  published  by  the  Institute  in  about 
three  months,  but  the  following  summaries,  as  given  by 
the  Electrical  World,  will  prove  significant  of  certain 
facts  that  have  hitherto  received  scant  consideration : 
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The  truck  was  a  half-ton  electric  delivery  wagon 
€quipped  with  solid  tires,  roller  bearings,  and  worm  drive. 
Running  at  15  miles  an  hour  on  tar-macadam,  the  power 
was  consumed  as  follows: 

Per  cent. 

KoUing,  axle  and  Impact  resistance 60 

Air  resistance   10 

Total  tractive  resistance 70 

ilotor  and  control  system 20 

Transmission    friction    10 

T.ilAl  pt-r  cent 100 

Eliminating  the  effect  of  air  resistance,  the  tractive  re- 
sistances per  ton  of  2,000  lb.  over  different  kinds  of 
pavement,  at  speeds  of  10  to  15  miles  per  hour,  were 
about  as  follows: 

Asphalt  pavement  17 

Wood    blocli    17 

Bricli  pavement   20 

Tar  macadam  and  macadam 20 

Granite  block,  cement  joints 27 

Granite    block,    gravel   joints 42 

Gravel  roads    24 

The  above  are  all  for  pavements  in  good  condition,  and 
exclusive  of  the  air  resistance  of  the  truck,  which  added 
about  5  lb.  per  ton  tractive  resistance  at  12  miles  per 
hour.  The  air  resistance  increases  as  the  square  of  the 
velocity,  but  no  tests  were  reported  as  having  been  made 
on  this  resistance  at  different  speeds. 

Macadam  badly  rutted  showed  a  50  per  cent  increase 
in  resistance.  Cinder  roads  showed  about  Jhe  same  re- 
sistance as  gravel  roads.  With  granite  pavement  the 
resistance  rises  rapidly  with  the  speed,  due  to  impact 
resistance. 

Similar  tests  published  three  years  ago  confirm  these, 
and  show  that  an  asphalt  pavement  covered  with  hard 
snow  shows  a  33  per  cent  increase  in  resistance,  and  if 
the  snow  is  heavy  and  soft  the  increase  in  resistance  is 
100  per  cent. 


A   MUNICIPAL    ASPHALT    MIXING  PLANT    THAT 
SELLS  "HOT   STUFF"   TO   CONTRACTORS. 

Spokane,  Wash.,  owns  an  asphalt  mixing  plant  that  has 
been  operated  for  six  years  with  apparent  success.  With 
asphalt  at  $16  a  ton,  the  city  itself  has  laid  a  large 
amount  of  2-in.  "asphaltic  concrete"  at  a  cost  not  much 
in  excess  of  37  ct.  per  sq.  yd.  in  place  on  the  street, 
exclusive  of  interest,  repairs,  depreciation  and  overhead 
expenses. 

The  city  has  also  sold  the  asphaltic  concrete  mixture, 
or  "hot  stuff,"  at  its  plant  to  paving  contractors.  It  is 
to  this  practice  that  we  particularly  call  attention.  Con- 
tractors are  thus  relieved  of  making  a  comparatively 
heavy  investment  in  an  asphalt  mixing  plant.  Their 
function,  then,  is  to  mix  and  place  the  concrete  base,  and 
to  haul,  spread  and  roll  the  asphaltic  top. 

It  is  claimed  that  this  combination  of  contract  work 
and  city  day  labor  has  resulted  in  a  substantial  reduc- 
tion in  the  cost  of  asphalt  pavements  in  Spokane. 

.The  labor  cost  of  handling  and  mixing  the  materials 
at  the  municipal  plant  has  been  less  than  4  ct.  per  sq.  yd. 
of  2-in.  asphaltic  concrete,  so  it  is  evident  that  the 
usual  inefficiency  of  laborers  working  for  a  city  is  not 
evident  here.  But  even  if  there  were  considerable  in- 
efficiency it  would  not  cause  much  concern  where  the 
laboi"  cost  is  a  small  per  cent  of  the  total  cost. 


INFANTILE  PARALYSIS,  DUSTY  STREETS  AND 
THE  AUTOMOBILE. 

Never  has  any  city  experienced  such  an  epidemic  of 
infantile  paralysis  as  that  that  has  afflicted  New  York 
this  summer.  Never  in  the  memory  of  the  editor  have  the 
streets  of  New  York  been  so  generally  dusty  as  this  sum- 
mer, and  never  have  there  been  so  many  effective  de- 
vices for  stirring  up  the  dust.  May  it  not  be  more  than 
a  coincidence  that  these  three  conditions  are  conjoined — 
infantile  paralysis,  dusty  streets  and  automobiles? 

Whether  the  paralysis  germ  is  -blown  about  or  not  is 
open  to  question,  but  the  evidence  seems  to  indicate  that 
it  travels  through  the  air.  Note,  for  example,  the  de- 
crease in  the  disease  following  the  recent  showers. 

Infantile   paralysis   disappears   almost   entirely   in  the 
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autumn,  and  this  has  been  attributed  to  the  fact  that  its 
germs  are  carried  by  flies  or  other  insects.  But  flies  and 
insects  seem  to  have  remained  quite  as  active  as  ever, 
although  the  number  of  new  paralysis  cases  has  de- 
creased. 

Many  diseases,  such  as  tuberculosis  and  "colds,"  are 
known  to  be  transmitted  on  or  with  dust  that  is  inhaled. 
Infantile  paralysis  seems  to  be  carried  in  a  similar  man- 
ner. In  any  case,  the  lesson  is  apparent:  Cities  must 
have  cleaner  streets. 

The  rapidly  moving  automobile  has  greatly  increased 
the  dust  nuisance,  and,  as  the  number  of  motor  cars  is 
increasing  in  geometric  ratio,  the  inference  is  plain  that 
a  formidable  problem  confronts  all  cities.  Before  there 
can  be  really  clean  streets  there  must  be  more  pavements 
that  can  be  readily  cleaned.  The  old  cobble  pavements 
obviously  must  go,  and  the  old  waterbound  macadam 
pavements  either  must  go  or  must  be  resurfaced  with 
some  bituminous  compound.  In  fact,  every  type  of  pave- 
ment that  has  become  worn  or  pounded  into  humps  and 
hollows  must  give  way  to  a  smooth,  clean  pavement. 

We  believe  that,  with  the  general  advent  of  smooth, 
non-porous  pavements,  street  flushing  will  be  universally 
demanded  as  a  matter  of  sanitation. 


SHOULD  STONE  BLOCK  PAVEMENTS  BE  LONGER 
TOLERATED? 

It  has  long  been  known  that  tractive  resistance  on 
rough  roads  increases  very  rapidly  with  increased  ve- 
locity. The  recent  tractive  tests  with  a  motor  truck,  re- 
viewed elsewhere  in  this  issue,  simply  confirm  a  well- 
known  fact,  but  they  are  strikingly  signiflcant.  It  will 
be  seen  that  even  at  as  low  a  speed  as  12  miles  an  hour 
a  granite  block  pavement  with  gravel  or  sand  joints,  but 
laid  on  a  concrete  base,  shows  two  and  a  half  times  the 
tractive  resistance  of  asphalt.  Even  a  very  smooth 
granite  pavement  with  cement  joints  shows  a  resistance 
60  per  cent  more  than  asphalt  at  12  miles  an  hour. 

At  higher  speeds — 20  miles  an  hour  or  more — granite 
blocks  will  be  found  to  be  much  more  resistant  to  trac- 
tion. This  is  inevitable,  for  the  best  of  springs  cannot 
entirely  overcome  the  vertically  propulsive  effect  that  a 
load  experiences  when  handled  rapidly  over  irregularities 
in  a  road. 

Tractive  resistance  is  a  composite  resistance,  and  its 
elements  are:  (1)  Axle  resistance,  (2)  rolling  or  "roller" 
resistance,  (3)  impact  resistance,  and  (4)  air  resistance. 
The  last  two  increase  rapidly  with  increased  velocity. 
Air  resistance  increases  as  the  square  of  the  velocity; 
double  the  velocity  and  you  quadruple  the  air  friction. 
Impact  resistance  results  from  the  power  consumed  in 
overcoming  the  inertia  of  the  load  when  raising  it  ver- 
tically over  irregularities  in  the  road.  This  also  in- 
creases rapidly  with  increased  velocity,  but  its  rate  of 
increase  is  dependent  on  several  factois,  among  which 
are  the  springs  and  the  tires.  Steel  springs  of  design 
suitable  to  the  load,  and  rubber  tires,  particularly  pneu- 
matic, serve  materially  to  reduce  the  impact  resistance 
of  vehicles.  The  editor  has  made  considerable  study  of 
the  spring  problem,  and  in  the  next  Roads  and  Streets 
Monthly  .issue,  Oct.  4,  will  present  some  results  of  his 
study. 

Stone  block  pavements  are  so  expensive  in  first  cost 
that  their  economic  use  has  never  been  justified  at  all, 
except  where  traffic  is  very  dense.  We  go  further  and  say 
that  granite  block  pavement  is  never  economic  where  the 
traffic  is  principally  that  of  motor  vehicles  having  rubber 
tires,  even  where  the  traffic  is  the  most  dense  in  the 
world.  Rubber  tires  have  vastly  lessened  the  wear  on 
all  pavements,  save  waterbound  macadam.  This  is  so 
conspicuously  evident  that  it  seems  to  need  no  con- 
firmatory records  or  tests.  Nevertheless  we  suggest  that 
city  engineers,  many  of  whom  have  been  accustomed  to 
rely  upon  experience  with  iron  tires,  will  do  well  to 
gather  new  data  as  to  pavement  wear  under  rubber-tired 
vehicles. 

Would  it  not  be  well  also  to  run  a  loaded  motor  truck 
continuously,  night  and  day,  for  several  months  over  a 
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granite  pavement,  and  coincidentally  run  another  similar 
truck  over  an  asphalt  pavement?  Measurements  of  wear 
and  tear  on  the  two  trucks  would  yield  a  quantitative 
answer  as  to  the  cost  of  vehicular  upkeep  on  the  two 
types  of  pavement.  City  engineers  have  been  inclined 
completely  to  ignore  this  very  important  factor  in  the 
economic  design  of  a  pavement  for  modern  conditions. 

EDITORIAL  COMMENT. 

A  30-mile  gravel  road  was  built  last  year  in  Maine,  to 
serve  as  a  construction  road  over  which  to  haul  cement 
and  steel  for  a  dam  for  the  Great  Northern  Paper  Co. 
Mr.  H.  S.  Ferguson  of  New  York,  consulting  engineer  for 
the  company,  estimates  that  by  the  use  of  motor  trucks 
(nine  5-ton  white  trucks)  the  cost  of  hauling  about  20,000 
tons  of  cement  will  be  half  the  cost  that  team  haulage 
would  have  caused.  The  road  is  dragged  after  every 
rain  and  is  constantly  maintained  in  good  condition. 


The  first  brick  pavement  in  which  the  brick  were  laid 
flatwise  is  said  to  have  been  laid  in  Greenville,  Texas. 
The  idea  of  laying  paving  brick  flatwise  was  first  pub- 
lished by  the  editor  of  Engineering  and  Contracting  15 
years  ago.  Ten  years  ago  (Sept.  26,  1906)  Engineering 
and  Contracting  described  the  laying  of  an  asphalt  block 
pavement  in  New  York  City  where  the  blocks  were  laid 
flatwise,  and  in  the  same  article  was  described  the  use 
of  a  mortar  bed  instead  of  a  "sand  cushion."  In  Kansas 
City,  Mo.,  16,000  sq.  yd.  of  thin  (3-in.)  brick  paving  blocks 
were  laid  on  a  concrete  base  in  1914.  Thin  brick  pave- 
ments seem  likely  to  increase  rapidly  in  popularity. 


Swarthmore  College  has  introduced  "public  speaking" 
as  part  of  its  engineering  course.  Shop  accounting  has 
also  been  introduced,  and  in  a  very  practical  manner. 
The  students,  among  other  things,  are  required  to  "ring 
in"  on  a  time  clock  when  they  enter  and  leave  classes. 
This  is  a  step  toward  answering  a  question  that  Engi- 
neering and  Contracting  first  propounded  years  ago:  Why 
not  run  an  engineering  college  as  if  it  were  an  indus- 
trial   organization? 


COMPARATIVE    COSTS    OF    PAVEMENTS. 

To  the  Editors:  Your  editorial  comment  and  that  of 
one  of  your  correspondents  on  the  above  subject  in  your 
Aug.  2  issue  drew  my  attention  to  the  proceedings  of 
the  National  Conference  on  Concrete  Road  Building, 
from  which  the  data  referred  to  were  quoted. 

The  author  leaves  it  to  be  inferred  from  his  conclu- 
sions that  the  figures  he  has  given  are  largely  assump- 
tions for  the  purpose  of  bringing  out  discussion,  and  an- 
alysis of  his  table  shows  that  such  must  have  been  the 
case.  While  agreement  must  be  expressed  with  the 
comments  made  by  your  correspondent,  as  well  as  with 
those  in  your  editorial,  on  the  failure  of  the  author  to 
establish  a  common  basis  of  comparison,  I  think  that 
attention  has  not  been  drawn  to  a  fallacy  even  more 
fundamental  and  one  which  is  frequently  encountered 
in  discussions  on  subjects  where  the  data  are  incom- 
plete, namely,  the  use  of  mathematics  and  graphical  dia- 
grams in  a  manner  indicating  a  degree  of  precision  much 
more  accurate  than  the  premises  warrant.  One  of  the 
first  cautions  given  to  engineering  students  is  to  avoid 
tedious  processes  ^<-hereby  results  are  indicated  to  ten 
places  of  decimals  when  the  quantities  from  which  the 
results  are  derived  are  not  known  accurately  even  to 
the  nearest  place  of  units.  Such  methods  persist  in  the 
work  of  young  engineers  long  after  college  days,  but 
they  are  not  supposed  to  be  adhered  to  after  the  arrival 
at  years  of  discretion  and  responsibility,  and  it  is,  there- 
fore, very  surprising  to  encounter  tabulations  in  which 
values  of  pavements  are  carried  out  to  hundredths  of 
cents,  based  on  assumptions  as  to  the  present  cost  of 
pavements  which  cannot  have  even  an  approximate  ac- 
curacy within  a  variatioi  of  10  ct.  per  yard  and  where 
the  assumed  life  must  have  a  probable  error  of  at  least 
50  per  cent.     To  the   reader  inexperienced   in   highway 
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work,  the  article  would  carry  a  very  reasonable  presump- 
tion that  the  values  of  the  pavements  shown  in  the 
graphical  diagram  were  derived  from  precise  data,  since 
this  diagram  and  the  accompanying  tables  from  which 
it  is  derived  are  being  used  for  advertising  purposes 
by  the  advocates  of  certain  types  of  road,  who  give  to 
them  the  implied  weight  of  authority  of  the  New  York 
Bureau  of  Highways.  It  is  very  possible  that  the  inac- 
curate impression  will  be  spread  in  many  quarters  that 
these  conclusions  represent  the  results  of  a  careful  study 
of  data  in  the  records  of  New  York  City  and  embody  con- 
clusions authorized  by  results  on  a  large  proportion  of 
the  streets  and  roads  in  its  vicinity. 

Without  question,  such  conclusions  were  far  from  the 
author's  intent,  which  was,  as  he  stated,  to  bring  out 
discussion.  It  is  unfortunate  that  he  failed  to  state  in 
his  paper  the  derivation  of  his  basic  assumptions  and 
other   limitations    restricting   his   comparative    figures. 

It  should  be  noted  that  these  unit  costs  are  not  taken 
from  New  York  City  records,  neither  does  he  state  his 
authorities,  nor  as  to  what  extent  cost  of  suburban  roads 
about  New  York  City  was  used  in  obtaining  the  average 
costs  employed.  He  certainly  does  not  appear  to  have 
taken  into  consideration  the  northern  portion  of  the  state 
of  New  Jersey  in  studying  "the  country  district  imme- 
diately about  New  York  City." 

As  you  say,  there  are  no  data  justifying  the  estimate 
of  20  years  as  the  minimum  life  for  pavements  in  this 
region.  On  the  contrary,  data  show  that  such  is  not  the 
case  for  most  pavements  in  existence  at  the  present 
time. 

For  example,  the  author  has  included  among  his  types 
compared,  sheet  asphalt,  constructed  in  accordance  with 
Borough  of  Manhattan  specifications.  As  these  specifi- 
cations are  peculiar  to  that  borough,  it  is  fair  to  check 
him  by  its  records.  A  careful  study  made  a  short  time 
ago  of  the  records  of  all  asphalt  pavements  in  Manhat- 
tan showed  that  their  average  life  was  a  little  over  14 
years;  the  study  also  showed  that  these  figures  varied 
very  slightly  under  various  intensities  of  traflSc. 

The  author  also  assumes  the  cost  of  these  pavements, 
exclusive  of  foundation,  at  90  ct.  per  square  yard,  a  fig- 
ure which  is  much  below  the  average  price  at  which 
sheet  asphalt  pavement  has  been  laid  by  the  Borough  of 
Manhattan  in  recent  years.  It  is  doubtful  whether  there 
is  any  pavement  in  the  borough  of  any  considerable  ex- 
tent which  has  lasted  20  years  at  an  annual  repair  cost 
of  2  ct.  per  square  yard. 

The  figures  assumed  for  concrete  pavement  seem  to 
be  derived  from  the  general  averages  reported  to  the 
committee  of  the  National  Conference  wor  work  through- 
out the  country.  They  are  certainly  not  obtained  by 
averaging  all  the  concrete  roads  in  the  vicinity  of  New 
York  of  which  the  number  is  limited  and  of  which  a 
small  portion  is  under  my  present  jurisdiction,  while 
none  has  ever  been  constructed  in  the  Borough  of  Man- 
hattan. Bituminous  macadam  and  waterbound  macadam 
are  such  vague  terms  and  describe  such  varying  types 
of  construction,  that  an  average  cost  can  have  but  very 
little  meaning,  and  when  figures  on  wood  and  granite 
block  are  introduced,  it  merely  emphasizes  your  claim  as 
to  the  comparison  of  incomparables. 

These  are  two  types  of  pavement  which  are  admittedly 
expensive  and  are  used  for  reasons  other  than  that  of 
immediate  economy  in  first  cost. 

The  question  of  whether  or  not  the  various  classes  of 
pavement  compared  have  been  reduced  to  a  common  basis 
as  regards  foundation  seems  to  me  immaterial,  for  ad- 
mitting some  lack  of  precision  in  this  regard,  it  still  re- 
mains much  less  liable  to  be  erroneous  than  are  the 
original  assumptions;  for  even  though  the  author  ap- 
pears to  have  treated  his  concrete  pavement  much  more 
kindly  in  his  assumptions  as  to  its  value  as  a  future 
foundation  at  the  end  of  its  useful  life,  his  basic  as- 
sumption that  that  life  will  be  20  years  is  so  much  more 
of  a  wild  guess  as  to  eliminate  immediately  all  possibil- 
itv  of  comparing  results. 

Very'  little  purpose  is  served  by  the  publication  of  a 
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solemn  discussion  as  to  what  would  be  the  results  under 
certain  conditions,  every  one  of  which  is  assumed,  and 
in  no  case  based  on  any  known  data.  Such  data  as  exist, 
and  particularly  those  in  the  records  of  the  Bureau  of 
Highways  in  the  Borough  of  Manhattan  during  the  years 
that  I  had  charge  of  those  streets,  including  the  com- 
parative records  of  the  mile  of  test  pavements  con- 
structed on  Second  Ave.  in  1812,  do  not  agree  in  any  re- 
spect with  the  figures  shown. 

It  seems  to  the  writer  that  the  vague  generalities  and 
harmless  platitudes  found  in  many  road  discussions  are 
on  the  whale  less  liable  to  lead  others  into  error  than 
are  discussions  which  use  the  machinery  of  a  scientific 
treatise,  without  the  raw  material  of  facts  necessary  to 
be  supplied  in  order  that  we  may  turn  out  a  finished 
product  of  definite  conclusions. 

Yours  very  truly, 

Henry  Welles   Durham. 

Hackensack,  N.  J.,  Aug.  14,  1916. 


CREOSOTING     WOOD     BLOCKS     IN     VERTICAL 
TANKS. 

Contributed   by    VV.    F.   Schaphorst,    New  York,   City 

Vertical  creosoting  tanks  for  treating  wood  blocks  for 
pavements  is  a  comparatively  new  departure.  These 
same  tanks  can  be  used  for  treating  railway  crossties, 
as  is  indicated  by  one  of  the  views.     The  particular  plant 
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off  and  the  plunger  started  upward,  the  blocks  falling  off 
into  a  chute  which  leads  directly  into  cars  for  shipment. 
The  chief  advantage  of  the  vertical  tank,  from  the 
standpoint  of  the  wood-block  labor  industry,  is  its  sim- 
plicity of  operation  and  the  low  first  cost.  These  tanks 
are  easily  transported  and  at  a  freight  cost  far  less  than 
that  of  the  heavy  horizontal-cylinder  equipment. 


THE    DAVIS   SPOT   TEST    IN    THE    PRELIMINARY 
EXAMINATION    OF    CREOSOTE    OILS. 

The  presence  of  tar,  free  carbon  or  dirt  in  creosote  oil 
is  indicated  in  very  minute  quantities  in  the  preliminary 
e.xamination  by  the  use  of  the  Davis  spot  test.  This  test, 
while  very  simple,  has  proved  certain  and  unfailing.  It 
is  as  follows: 

Allow  six  drops  of  a  sample  of  creosote  oil  to  fall  upon 
the  surface  of  clean,  white  blotting  paper.  If  tar,  free 
carbon  or  dirt  is  present  it  will  be  readily*  observed,  as 
it  quickly  segregates  at  the  center.  The  paper  should 
be  laid  away  in  a  flat  position  for  a  few  hours  in  a  place 
where  there  is  no  dust.  If  then  examined,  foreign  matter 
will  be  observed  in  a  distinct  zone  in  the  center  of  the 
spot,  the  outer  zone  very  readily  indicating  the  character 
of  the  oil. 

The  various  types  of  wood-preserving  oils  can  be  easily 
distinguished  from  each  other  by  this  test  when  they  are 
true  samples. 


View    of    Vertical    Tank    Creosoting    Plant    at    Orrville,    O. 


shown  is  at  Orrville,  Ohio,  where  the  Shipley  process  of 
creosoting  is  used.  The  cylinders  are  made  in  two  sizes, 
one  designed  for  containing  .300  yd.  of  paving  blocks  and 
the  other  for  200  yd.  Each  is  fitted  on  the  inside  with  a 
hydraulic  plunger  and  platform,  so  that  when  empty  and 
about  to  be  charged  with  wood  blocks,  the  platform  is 
at  the  top.  As  the  blocks  are  delivered  into  the  tank, 
the  platform  lowers  gradually,  thus  preventing  breakage. 
When  the  cylinder  is  full,  the  cover  is  put  on  and  the 
usual  treatment  administered.     Then  the  cover  is  taken 


In  order  to  determine  the  sensitiveness  of  the  spot  or 
discoloration  test  and  to  make  it  fairly  quantitative,  a 
series  of  spots  was  made  by  the  Forest  Products  Labora- 
tory at  Madison,  Wis.,  from  a  carbon-free  creosote  oil  to 
which  carbon  in  the  form  of  lampblack  had  been  added 
in  graduated  amounts.  The  results  obtained  disclosed  an 
increasing  gradation  of  the  free  carbon  at  the  center  and 
indicated  that  0.005  per  cent  is  easily  shown  by  this  test. 
In  percentages  heavier  than  0.5  per  cent  the  amount  in 
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an  unknown  sample  would  be  difficult  to  estimate  by  com- 
parison. 

The  efficacy  and  reliability  of  the  Davis  spot  test  would 
seem  to  have  been  fully  demonstrated  after  six  years' 
use  in  the  examination  of  creosote  oils  and  by  its  adop- 
tion by  the  Diesel  Engine  Users'  Association  of  England 
for  testing  the  purity  of  the  oils  used  for  fuel  in  this 
type  of  engine. 

In  1915  the  city  of  St.  Paul,  Minn.,  adopted  the  spot 
test  for  the  examination  of  the  creosote  oil  specified  for 
its  wooden  block  streets.  The  specifications  called  for 
pure,  high-gravity  distillate  oil,  and  as  a  safeguard  of 
this  purity  the  Davis  spot  test  was  made  a  part  of  the 
specifications.  It  appears  that  the  St.  Paul  wooden  block 
pavements,  although  but  12  pounds  of  oil  to  the  cubic 
foot  of  timber  were  used,  have  given  complete  satisfac- 
tion. On  account  of  the  large  proportion  of  high-boiling 
fractions  in  the  oil  and  the  absence  of  low-boiling  tar 
oils,  which  are  readily  affected  by  the  sun's  rays,  "bleed- 
ing" of  the  blocks  has  been  practically  eliminated. 

At  a  recent  meeting  of  the  city  council  of  St.  Paul,  at 
which  were  present  the  professors  of  chemistry  from  the 
University  of  Minnesota,  it  was  voted  to  make  no  change 
in  the  creosote  oi'i  specifications  and  to  retain  the  spot 
test,  which  action  was  suggested  by  the  professors,  who 
approved  the  spot  test  as  a  simple  and  effective  means  of 
detecting  any  adulteration  of  the  creosote  with  filtered 
tar,  the  most  prevalent  form  of  adulteration. 


RECOJMMENDATIONS    FOR    A    MODEL    STREET 
CLEANING  DISTRICT. 

Interesting  recommendations  regarding  the  installation 
of  a  model  street  cleaning  district  by  the  Department  of 
Street  Cleaning  of  New  York  City  are  given  in  a  recent 
report  of  Richard  T.  Fox  of  Chicago,  111.  The  primary 
object  of  the  model  district,  which  originated  with  Mr. 
John  T.  Fetherstone,  Commissioner  of  Street  Cleaning  of 
New  York  City,  is  to  furnish  a  small  area  representing 
the  different  types  of  street  conditions  found  through- 
out the  city,  in  which  to  install  the  most  up-to-date 
method  of  work  and  equipment  that  can  be  obtained,  and 
gradually  to  extend  the  system  to  cover  the  entire  city. 
The  secondary  purpose  is  to  provide  a  proving  ground 
for  new  developm.ents,  from  time  to  time,  in  methods  of 
work  and  equipment  before  final  adoption. 

Mr.  Fox's  recommendation  affecting  the  installation 
of  the  model  district  were  as  follows: 

1.  That  hand  cleaning  only  be  employed,  supplemented 
by  flushing  or  washing  with  water  under  pressure. 

2.  That  the  intensive  method  of  street  cleaning  be 
adopted. 

3.  That  the  value  of  inspection  cannot  be  over-empha- 
sized in  any  attempt  to  maintain  high  standards  of  street 
cleaning,  and  therefore  the  supervisory  force  be  composed 
of  A  No.  1  men,  intelligent,  industrious  and  observing. 
That  the  laborers  be  alert  and  active  and  capable  of  main- 
taining the  standards  of  work  set. 

4.  That  leggins  be  added  to  the  uniform  now  used,  to 
protect  the  trousers  and  to  add  completeness  to  the 
equipment. 

An  order  requiring  the  men  to  polish  their  shoes  daily 
is  of  great  value  in  impressing  the  importance  of  neat- 
ness and  attention  to  detail  in  their  daily  street  cleaning 
tasks. 

5.  That  the  sidewalks  be  included  with  the  roadway, 
and  the  street  cleaned  from  house  line  to  house  line. 

6.  That  the  street  cleaning  implements  consist  of  a 
broom  and  shovel  for  cleaning  rough  pavements,  and  a 
broom  and  scraper  for  cleaning  smooth  pavements.  The 
broom  to  be  made 'of  sufficiently  fine  material  to  insure 
thorough  work. 

7.  The  implements  used  in  cleaning  the  sidewalks  to 
consist  of  a  pan  and  a  horsehair,  or  other  fine  broom. 

8.  That  boxes  with  hinged  tops  and  of  sufficient  ca- 
pacity to  care  for  the  entire  day's  output  of  street  dirt, 
bp  placed  at  convenient  intervals  on  the  sidewalk,  or 
preferably  sunk  in  the  sidewalk,  for  the  temporary  stor- 
age   of  the  dirt  as  collected  bv  the  street  sweeper,  and 
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that,  for  esthetic  as  well  as  economic  reasons,  the  street 
sweepintrs  be  collected  at  night  only. 

The  street  dirt  is  then  out  of  sight  and  protected  from 
scattering  by  traffic  and  the  wind.  The  sweeper  can 
work  more  rapidly  than  with  the  two-wheel  cart  recep- 
tacle. 

9.  That  the  roadways  be  flushed  nightly  with  motor- 
driven  machines,  carrying  tanks,  from  which  the  water  is 
forced  out  under  the  necessary  pressure  to  obtain  efficient 
washing  of  the  streets.  That  the  sidewalks  be  washed  by 
machine,  and  hand  squeegeed  nightly,  or  as  often  as 
necessary. 

10.  That  a  sufficient  number  of  street  sweepers  be 
employed  after  4  o'clock,  the  quitting  time  of  the  day 
force,  to  pick  up  the  heavy  dirt  preparatory  to  flushing 
the  streets,  and  thus  prevent  frequent  filling  of  the  catch 
basins,  and  possible  ob.struction  of  the  sewers.    The  adop- 


CORN 

NATIOi 


Sidewalk   Cleaner,   Bureau    of   Street   Cleanjng,    Inc.,   Chicago, 
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tion   of  this  plan   will    mean    clean    streets    practically 
through  the  twenty-four  hours. 

The  men  required  for  this  service  can  be  estimated 
roughly  as  one-tenth  of  the  number  employed  for  clean- 
ing during  the  day. 

11.  That  the  streets  be  lightly  sprinkled  through  the 
day,  as  often  as  found  necessary.  'The  sprinkling  sho'uld 
be  confined  to  the  gutters,  and  the  space  4  or  5  ft.  there- 
from, for  the  tendency  of  traffic  and  the  slope  of  the 
street  is  to  force  the  dust  to  the  gutter.  On  streets  carry- 
ing car  tracks,  the  right-of-way,  which  collects  consider- 
able dust,  should  also  be  lightly  sprinkled. 

12.  That  when  the  temperature  does  not  permit  of 
sprinkling,  the  men  sweeping  the  sidewalks  be  required 
to  remove  any  noticeable  collections  of  dust  in  the  road- 
ways. A  vacuum  cleaner,  if  it  can  be  made  practicable 
for  this  purpose,  would  serve  a  valuable  end. 

1.3.  That  the  functions  of  sprinkling,  flushing,  and  re- 
moval of  street  sweepings  be  co-ordinated,  if  possible, 
with  the  collection  of  waste  to  obtain  the  greatest  econ- 
om.y  in  the  operation  of  the  power  driven  equipment  now 
being  installed  for  the  latter  purpose. 

14.  That  checks  on  the  density  of  traffic,  changes  in 
pavement,  the  amount  of  refuse  collected  by  each  sweeper, 
etc.,  be  made   from  time  to  time  and  followed  by  such 
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readjustment  of  the  route  areas  as  are  found  necessary. 
Also  that  checks  be  made  at  reguhir  intervals  to  deter- 
mine if  the  set  standards  of  cleanliness  are  being  main- 
tained. 


WEAR  OF  CONCRETE  PAVEMENTS  DUE  TO 
ABRASION  OF  MORTAR  COAT.* 

Even  though  the  surface  may  be  finished  with  a  smooth 
mortar  coat,  the  coarse  aggregate  will  become  exposed  as 
the  mortar  coat  wears  away. 

If  the  mortar  used  is  such  that  it  wears  at  an  excessive 
rate,  the  aggregate  will  be  quickly  exposed  and  the  length 
of  service  of  the  pavement  will  be  materially  decreased. 

The  mortar  surrounding  the  coarse  aggregate  consists 
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Typical   Curves  Showing    Effect  of  Surface  Working   or   Distribution   of 
Sand   and   Cement. 

in  itself  of  small  aggregate  embedded  in  a  matrix  of 
cement  paste.  For  mortars  mixed  in  the  laboratories  the 
rules  of  grading,  voids  and  density,  which  hold  for  the 
coarse  aggregate,  also  apply  to  the  sand.  However,  for 
field  mortars,  especially  those  deposited  with  the  consis- 
tency necessary  for  paving  construction,  there  is  this 
radical  difference:  the  coarse  aggregate  can  be  consoli- 
dated by  tamping  and  a  considerable  part  of  the  excess 
mortar  will  be  forced  from  between  the  pieces  of  aggre- 
gate and  flushed  to  the  surface,  with  the  mortar  at  the 
consistency  ordinarily  used,  the  sand  particles,  which 
when  dry  were  in  contact  with  each  other,  will  now  be 
separated  by  a  film  of  cement  paste.  The  consistency  of 
the  mortar  is  such  that  tamping  will  not  force  any  con- 
siderable part  of  the  excess  cement  from  between  the 
particles  of  the  sand.  Therefore,  the  addition  of  cement 
paste  forces  the  sand  grains  apart  and  increases  the  voids 
therein  to  a  greater  degree  than  does  the  addition  of  mor- 
tar increase  the  voids  in  the  coarse  aggregate. 

By  means  of  a  microscope,  the  mortars  in  the  pave- 
ments under  examination  were  studied  to  determine  the 
average  per  cent  of  volume  occupied  by  the  sand  grains 
in  pavement  mortars  of  different  proportions.  Over  sev- 
enty-five different  mortars  were  studied  in  this  connection, 
and  the  curve  plotted  therefrom.  A  study  of  this  curve 
will  emphasize  the  following  significant  facts: 

For  mortars  richer  than  1 :3,  the  addition  of  cement 
paste  crowds  the  sand  grains  further  apart,  decreasing 
the  absolute  volume  of  sand  in  the  mortar. 

That  the  amount  of  cement  paste  available  as  a  void 
filler  increases  with  the  addition  of  cement  at  a  greater 
rate  than  the  total  voids  in  the  in  the  sand,  and  thus  the 
"unfilled  sand  voids"  become  less  in  volume. 

That  a  complete  elimination  of  the  "unfilled  sand  voids" 
ordinarily  occurs  only  with  a  neat  cement. 

The  voids  designated  as  "unfilled  sand  voids"  are  dis- 
tinguished from  the  total  voids  in  that  they  do  not  in- 
clude the  voids  in  the  cement  paste.  In  other  words,  the 
upper  portion  of  the  diagram,  representing  cement  paste, 
is  not  a  solid  material  but  contains  some  40  per  cent  of 

"Discussion  b.Tsed  on  exact  studies  of  Iowa  concrete  pavements  and 
published  in  Technical  Report  No.  1,  Iowa  State  Highway  Commission, 
by  T.  R.  Agg  and  C.  B.  McCullough. 


voids  in  itself.  The  voids  in  which  the  pavement  engi- 
neer is  particularly  interested,  however,  are  these  "un- 
filled sand  voids."  This  is  shown  by  a  study  of  the  photo- 
micrographs of  mortars  taken  from  the  streets  under 
examination. 

In  no  other  concrete  construction  is  the  need  for  a 
dense  matrix  more  plainly  manifest  than  in  the  concrete 
for  pavement  surfaces,  The  abrading  action  of  the  traf- 
fic is  particularly  destructive  to  a  porous  or  lean  mortar 
as  such  action  naturally  enough  finds  a  point  of  attack 
over  every  sand  void  in  the  mortar. 

The  mortar  for  pavement  surfaces  must  contain  a  suf- 
ficient proportion  of  cement  to  eliminate  the  probability 
of  an  excessive  volume  of  "unfilled  sand  voids,"  and  the 
formation  of  relatively  large  voids  around  the  individual 
sand  grains.  It  will  be  noted  that  in  general  the 
richer  the  mortar  the  more  completely  will  the  voids 
in  the  sand  be  filled.  It  does  not  follow,  however,  that 
the  use  of  a  rich  mixture  will  result  in  a  low  percentage 
of  "unfilled  sand  voids."  It  is  quite  possible,  e-en  with 
an  amount  of  cement  which  would  ordinarily  result  in  a 
dense  mortar,  to  have  an  excessive  volume  of  "unfilled 
sand  voids."  There  are  several  conditions,  aside  from  a 
deficiency  in  cement  which  increase  the  porosity  of  a 
mortar. 

First:  A  very  porous  mortar  may  result  from  the 
character  of  the  sand.  In  mixing  the  mortar  each  grain 
of  sand  is  coated  with  a  film  of  cement  paste,  the  thick- 
ness of  which  is  about  the  same  regardless  of  the  size  of 
the  sand  grain.  Since  a  given  volume  of  fine  sand  has  a 
much  greater  superficial  area  to  be  coated  than  the  same 
volume  of  a  coarse  sand,  the  separating  action  of  the 
cement  film  will  be  much  greater  with  the  fine  sand. 
Thus  an  amount  of  cement  which  in  a  coarse  sand  would 
be  sufficient  to  coat  the  grains  and  to  fill  the  voids  be- 
tween them  might  be  only  sufficient  to  coat  the  grains  of  a 
fine  sand.  Air  contained  in  the  mass  will  adhere  to  the 
finer  as  well  as  to  the  coarser  particles  and  the  finer 
material  will  have  a  less  tendency  to  consolidate. 

For  the  above  reasons  we  would  expect  the  percentage 
of  "unfilled  sand  voids"  with  a  given  cement  ratio,  to  be 
greater  for  fine  sand  than  for  coarse  sand.  A  study 
under  the  microscope  of  the  distribucion  of  sand  grains  in 
mortars,    fully   substantiates   such   a   belief.      The   lower 
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Diagram    Showing    Average-  Percentage    of    Unfilled    Sand    Voids   In 
Mortars   of   Varying    Proportions. 

curve  has  been  plotted  through  the  center  of  grav- 
ity of  the  results  for  mortars  containing  an  excess 
of  50  and  20  mesh  material.  The,  higher  curve  has 
been  plotted  for  mortars  containing  considerable  20,. 
10  and  8  mesh  material,  as  well  as  finer.  The  marked 
increase  in  the  percentage  of  "unfilled  sand  voids"  for 
the  former  grading  is  at  once  apparent. 

Second:  Proper  consistency  and  thorough  consolida- 
tion of  a  mortar,  will  undoubtedly  decrease  the  volume 
of  "unfilled  sand  voids."  A  study  of  Fig.  3  shows  that  in 
the    field    mortars    examined,    considerable    variation    in' 
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porosity  with  mortars  of  the  same  proportion  was  en- 
countered. This  may  be  explained  in  part  by  the  differ- 
ence in  sand  grading  as  shown  in  Fig.  2.  However,  the 
character  of  the  specimens  examined  was  such  as  to 
prove  beyond  a  doubt  that  the  consolidation  during  con- 
struction had  much  to  do  with  the  reduction  in  porosity. 
If  the  mortar  is  deposited  too  wet,  free  water  will 
adhere  to  the  sand  grains  and  to  the  large  aggregate 
particles.  As  the  mass  slowly  dries  out,  water  of  this 
character  slowly  evaporates  from  the  surface,  small 
capillary  paths  are  formed  within  the  concrete  and  the 
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Distribution    of    Sand    Grains    In    Mortars    of    Varying    Proportions. 

water  is  thus  released  from  around  the  sand  grain.  This 
results  in  many  cases,  in  a  mortar  wherein  the  sand 
grains  are  more  or  less  completely  separated  from  the 
cement  paste  which  surrounds  them.  Such  free  water 
may  be  forced  out  before  the  cement  has  attained  its 
initial  set  by  a  thorough  tamping. 

Third:  The  character  of  the  individual  sand  grains  as 
well  as  grading  of  the  same,  materially  affects  the 
strength  of  the  resulting  mortar.  In  the  pavement  mortars 
examined,  iron  oxide,  finely  divided  clay,  dust,  or  loam, 
had,  in  many  cases  separated  the  fine  aggregate  from  the 
cement  paste,  resulting  in  poor  contact  between  the  sand 
grains  and  the  mortar. 

In  summary,  the  wearing  away  of  the  carpet  coat  dis- 
cussed under  this  case  is  the  result  of  a  porous  and  poorly 
bonded  mortar  in  which  the  percentage  of  "unfilled  sand 
voids"  has  not  been  reduced  to  a  safe  value.  The  propor- 
tion of  cement  to  sand  must  insure  this  as  the  function  of 
the  cement  is  in  part,  that  of  a  void  filler.  The  data  from 
the  investigation  of  the  streets  inspected  was  such  as  to 
indicate  that  for  ordinary  conditions  of  traffic  and  for 
ordinary  methods  of  construction  a  proportion  of  1 :2.2 
(by  absolute  volume)  was  about  the  leanest  mortar  that 
■could  be  safely  employed  for  pavement  work.  This  pro- 
portion together  with  careful  selection  of  the  fine  aggre- 
gate, careful  regulation  of  the  consistency,  a  consolidation 
such  as  will  force  to  the  surface  any  free  water  which 
may  be  present  as  a  coating  or  film  surrounding  the  sand 
grains,  and  a  careful  curing  of  the  concrete  should  result 
in  a  surface  which  will  have  a  normal  life  under  ordinary 
traffic. 


WEAR     OF     CONCRETE     PAVEJIENT     DUE     TO 
SCALING  OF  MORTAR  COAT.* 

The  surface  of  a  concrete  pavement  may  be  roughened 
and  the  stone  exposed  to  wear  by  the  scaling  of  the  sur- 
face mortar.  The  primary  cause  of  scaling  is  a  broken 
bond  between  the  mortar  covering  and  the  portion  of  the 
concrete  beneath  it.  Many  conditions  cause  the  bond  to 
"break.  The  discussion  which  follows  is  intended  to  throw 
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some  light  on  the  causes  of  scaling,  and  to  suggest  meth- 
ods by  which  the  same  may  be  eliminated. 

Microscopic  analysis  of  the  concrete  cores  shows  that 
the  distribution  of  sand  grains  throughout  the  depth  of 
the  pavement,  seem  to  vary  according  to  a  quite  definite 
law. 

First,  the  top  surface  for  a  distance  of  about  1/4  in.  is 
considerably  richer  in  cement  than  the  portions  under- 
neath. 

Second,  that  the  leanest  portion  of  the  pavement  is  very 
likely  to  be  immediately  under  the  surface  scale. 

Assuming  the  original  bond  to  be  perfect,  what  will 
be  the  effect  if  a  hard,  dense  surface  overlays  a  more 
porous  concrete  underneath. 

The  coefficient  of  expanion  for  thermal  changes  for  the 
dense  surface  is  considered  different  from  that  for  the 
porous  concrete  with  a  resulting  tendency  to  form  hori- 
zontal shearing  planes. 

The  rate  of  absorption,  which  also  influences  the  ex- 
pansion and  contraction,  is  considerably  different  for 
dense  and  for  porous  mortars.  This  is  probably  a  more 
important  factor  than  the  effect  of  thermal  changes.  In 
periods  of  continued  wet  weather,  the  more  porous  por- 
tions will  absorb  moisture  from  the  sub-grade^  particu- 
larly if  it  be  poorly  drained,  and  will  tend  to  expand  con- 
siderably more  than  the  relatively  impervious  top  scale. 
Moisture  which  enters  and  permeates  the  pavement  from 
the  sides  or  at  the  expansion  joints,  would  tend  to  expand 
the  lower  portion  more  rapidly  than  the  upper,  causing 
differential  movements,  apparently  sufficient  in  extent  to 
account  for  any  of  the  scaling  encountered  during  the 
inspection. 

In  many  cases  the  bond  between  the  upper  and  lower 
layers  was  probably  not  originally  perfect,  being  ma- 
terially weakened  by  the  method  of  finishing.  The  action 
of  the  trowel  in  bringing  the  neat  cement  to  the  surface 
undoubtedly  leaves  a  plane  of  weakness  parallel  to  the 
surface  at  a  distance  beneath  the  surface  equivalent  to 
the  thickness  through  which  the  effect  of  the  trowel  is 
transmitted.  This  plane  is  in  reality  a  connected  line  of 
air  voids,  produced  in  a  large  measure,  by  the  action  of 
the  trowel. 
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•Discussion  based  on  exact  studies  of  concrete  pavements  In  Iowa 
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Diagram   Showing   Variation    in   Percentage   "Unfilled   Sand   Voids''   for 
IVIortars  of  the  Same  Proportions. 

It  is  interesting  to  note  that  the  action  of  the  float  or 
trowel  pulls  away  the  top  covering  from  the  more  porous 
concrete.  The  fine  materials  are  brought  to  the  top  by 
a  process  of  flotation  and  the  top  surface  becomes  more 
dense,  more  cohesive  and  assumes  a  rubberj'  consistency, 
quaking  under  the  action  of  the  float  and  pulling  away 
from  the  portion  underneath.  Such  a  condition  may  be 
prevented  by  a  thorough  consolidation  of  the  concrete 
previous  to  or  simultaneously  with  the  striking  to  proper 
cross  section,  followed  by  only  sufficient  troweling  or 
floating  to  smooth  the  surface. 
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E  N  G  I  X  E  E  R  I  X  G 
AND      CONTRACTING 


Even  if  the  connected  line  of  air  voids  marie  by  the 
trowel  as  above  described,  are  not  sufficient  to  cause  a 
scaling,  there  are  further  conditions  which  may  exert  a 
disruptive  action  sufficient  to  break  loose  the  surface 
scale. 

The  calcium  hydrate  which  is  always  present  in  con- 
crete, may  in  a  porous  mortar  become  segregated  in  the 
pores.  This  calcium  hydrate  near  the  surface  may  change 
to  calcium  carbonate  with  an  attendant  increase  in  volume 
sufficient  to  break  loose  the  scale.  Other  causes  such  as 
the  penetration  of  street  acids  and  the  freezing  of  water 
held  in  the  pores  may  assist  in  breaking  lose  surface 
scales. 

The  above  discussion  applies  more  particularly  to  the 
scaling  of  the  hard  surface  from  a  more  porous  mortar 
underneath.  In  addition  to  this  certain  mechanical  con- 
ditions which  make  scaling  probable  v/ere  noted  in  the 
e.xamination  of  the  surfaces  herein  described. 

Large  flat  stone  surfaces  near  the  top  of  the  pavement 
to  which  the  mortar  covering  is  imperfectly  bonded, 
produce  a  condition  favorable  to  scaling.  This  thin 
layer  of  mortar  may  become  loosened  or  separated  from 
the  stone  at  intermittent  points.  Under  this  condition 
the  mortar  scale  quickly  breaks  down. 

In  general,  the  methods  recommended  for  the  elimina- 
tion of  the  defects  discussed  under  Cases  One,  Two  and 
Three  are  included  under  the  chapter  on  specifications 
and  inspection,  with  the  exception  of  the  discussion  on 
correct  proportioning  which  follows. 

The  data  furnished  by  the  inspection  of  the  pavements 
and  the  microscopic  analysis  of  the  surface  mortars  show 
that  mortars  containing  not  less  than  one  part  cement  to 
2.20   sand    (absolute   volume)    have   shown   no   excessive 
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the    Various    Voids    of    Aggregate    Commonly    Employed    in 

Concrete   Pavement   Work. 

wear,  when  the  other  details  of  construction  w-ere  prop- 
erly carried  out. 

From  the  cui've  of  Fig.  1  we  find  that  for  average  con- 
ditions such  a  mortar  will  contain  50  per  cent  of  sand 
grains.  The  absolute  volumes  in  a  unit  volume  of  mor- 
tar will  then  be  .227  cement  to  .50  sand. 

The  absolute  volume  of  stone  which  can  be  carried  by 
this  volume  of  mortar  is  given  above.  Substituting  in 
the  formula  we  arrive  at  the  following  proportions,  by 
absolute  volume: 

.97[1— (G  +  P)] 

.227  :  .50  : 

.97[(G  +  P)  +.03] 

Transforming  to  loose  volume  on  the  assumption  that: 

One  sacji  (94  lbs.)  of  cement  contains  a  loose  volume 
of  1  cu.  ft.  and  that  1  cu.  ft.  of  sand  under  ordinary  con- 
ditions contains  89  lbs.  of  sand  grains,  we  have  the  fol- 
lowing proportions  by  loose  volumes: 

Cement.  Sand.  Stone. 

.227   :  3.10  X  62.5    :  .50  X  2.65  X  62.5   :  .97[1  —  (G  +  P  )] 


T.\BLE  1. 

Correct  proportions  by  loose 
volume. 

Voids  In  original  stone.                                    Cement.         Sand.  Stone. 

.",0   per  cent 1                    2  3.24 

.'..■i   per   cent 1                    2  3.22 

10   per  cent 1                    2  3.16 

■l.i   per  cent 1                   2  3.10 

It  is  apparent  that  due  to  the  increased  spreading  ac- 
tion of  the  mortar  in  stone  having  a  low  percentage  of 
voids  (see  F'ig.  2),  there  is  but  little  difference  in  the 
amount  of  stone  needed,  even  for  considerable  variation 
in  total  voids.  It  also  appears  that  a  1:2:3  mixture  has 
more  to  recommend  it  than  a  1:2:3^2  and  that  until  fur- 
ther refinements  in  the  methods  of  field  proportioning 
are  generally  used,  it  is  unnecessary  to  provide  for  vary- 
ing the  proportions  for  stone  of  different  void  contents. 

The  above  proportions  have  been  calculated  "-"n  the  as- 
sumption that  the  mortar  shall  be  sufficient  to  fill  all  the 
voids,  and  in  addition,  furnish  all  the  material  for  a  car- 
pet coat  ^4  inch  thick. 

When  the  two  course  type  of  construction  is  employed, 
a  method  of  reasoning,  similar  to  that  employed  for  the 
one-course  type,  but  using  instead  a  1:1  mortar,  leads  to 
a  proportion  of  about  1:1:11/2  for  the  wearing  course. 

The  selection  of  the  type  of  construction  will  usually 
be  dictated  by  the  consideration  of  first  cost.  The  two- 
course  type  requires  more  cement  per  square  yard,  but 
where  a  coarse  aggregate  of  high  quality  is  expensive,  this 
type,  using  the  expensive  aggregate  for  the  wearing 
course  only  and  local  or  cheaper  materials  for  the  base 
course,  will  prove  the  cheaper. 

Aside  from  considerations  of  cost  a  study  of  the  tex- 
ture of  the  surface  mortars  in  place,  furnishes  data 
which  would  justify  a  prediction  of  longer  life,  especially 
under  heavier  traffic  conditions  for  mortars  mixed  richer 
than  1:2. 

The  nature  of  the  discussion  which  forms  the  sub- 
ject matter  of  this  chapter,  is  such  as  to  indicate  that 
the  life  of  a  concrete  pavement  depends  to  a  large  de- 
gree on  the  correctness  and  uniformity  in  the  propor- 
tioning of  the  materials.  Emphasis  should  be  laid  on 
the  fact  that  the  present  methods  of  field  proportioning 
are  exceedingly  crude.  The  development  of  the  bitu- 
minous pavement  surface  has  been  characterized  by  the 
adoption  of  accurate  methods  of  proportioning  r.nd  grad- 
ing the  materials.  Concrete  as  a  surfacing  material  will 
never  be  used  at  its  highest  efficiency  until  the  propor- 
tions are  specified  by  weight  and  these  proportions  ac- 
curately maintained  as  the  materials  are  placed  in  the 
mixer. 


94  89  [.97   (G-l-P)+.03]    (1— G) 

Evaluating  these  proportions,  we  arrive  at  the  results 
in  the  following  table: 


HANDLING  SURFACE  AND  SUBSURFACE 
DRAINAGE. 

A  combination  system  was  used  for  draining  the  sur- 
face and  subsurface  of  a  highway  constructed  recently  up 
a  very  steep  hill  in  the  town  of  Salisbury,  Conn.  The 
work  was  described  by  Charles  J.  Bennett,  state  high- 
way commissioner  of  Connecticut,  in  a  lecture  delivered  in 
the  Graduate  Course  in  Highway  Engineering  at  Colum- 
bia University.  The  old  road  was  practically  only  wide 
enough  to  accommodate  one  vehicle  and  had  constituted 
itself  a  drainage  canal  for  the  surrounding  country.  After 
every  rain,  the  road  surface  w-as  entirely  washed  out  and 
the  construction  of  a  road  in  this  vicinity  was  approached 
with  some  misgivings.  It  was  decided  that  no  matter  how 
much  it  might  cost  the  drainage  must  be  properly  taken 
care  of,  and  therefore,  a  combination  of  two  systems  of 
disposing  of  the  surface  water  was  devised.  First,  the 
road  surface  itself  was  built  on  top  of  a  stone  fill  about 
4  ft.  in  depth  at  the  bottom  of  which  an  open  box  culvert 
was  installed  to  carry  whatever  water  might  enter  be- 
neath the  road  from  the  sides.  The  stone  fill  was  extended 
to .  the  extreme  width  of  the  road  itself,  that  is,  from 
shoulder  to  shoulder,  and  extremely  deep  and  wide 
ditches  were  provided  at  the  side  of  this  road  to  accom- 
modate the  water  that  came  from  the  road  surface  and 
from  other  sources. 

The  rubble  drain  was  apparently  separated  from  the 
base  of  the  rock  fill  by  a  rise  in  the  subgrade.  Leak-offs 
were  made  from  this  fill  into  the  rubble  drain  though  in 
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many  instances  the  rubble  drain  followed  the  center  of 
the  road,  but  the  intention  was  to  provide  not  only  sur- 
face and  subgrade  drainage  from  the  road  itself,  but  to 
keep  off  the  surface  drainage  from  the  slopes.  No  trouble 
has  occurred  since  the  road  was  built  and  the  drainage 
system  is  successful,  even  if  a  triHe  expensive.  It  is  in- 
teresting to  note  also  that  no  attempt  was  made  to  cut  the 
top  of  the  hill,  but  the  entire  slope  was  filled  with  stone 
as  noted. 


FLUME  FOR  PREVENTING  EROSION. 

The  accompanying  illustration,  reproduced  from  the 
August  Minnesota  Highway  Journal,  shows  a  method 
employed  in  Wabasha  County,  Minnesota,  for  preventing 


Ccncrete    Flume    for    Preventing    Erosion. 

erosion  at  the  point  where  the  road  gutter  enters  a  stream 
or  ravine.  The  water  is  carried  to  the  bottom  of  the  run 
in  a  concrete  flume,  the  front  of  which  is  protected  against 
underwash  by  aprons  and  riprap. 


ROCK    ASPHALT    PAVING    MIXTURE    AT    SALT 
LAKE  CITY,  UTAH. 

During  1915  the  city  of  Salt  Lake  City,  Utah,  con- 
structed 2.4  miles  of  rock  asphalt  pavement,  the  Utah  as- 
phalt being  used.  In  the  construction  of  the  pavement 
this  pure  rock  asphalt  was  not  used  directly,  but  was 
mi.xed  with  properly  graded  sand  and  California  refined 
asphalt.  As  a  result  it  is  stated  the  density  and  .stability 
of  the  pavement  were  increased,  and  the  proper  penetra- 
tion was  obtained  as  well  as  a  more  uniform  paving  ma- 
terial. In  general  the  top  was  1^2  in.  thick,  the  binder 
course  1^2  in.  and  the  concrete  base  6  in.  The  average 
cost  in  1915  per  square  yard  was  $1.85.  A  5-year  guaran- 
tee was  required.  This  cost  does  not  include  grading 
■which  was  paid  for  separately  at  an  average  cost  of  65 
cts.  per  cubic  yard.  The  concrete  base  was  a  1:3:6  mix, 
the  cement  costing  $2.25  per  barrel,  broken  .stone  $1.50 
per  cubic  yard  and  sand  $1.50  per  cubic  yard.  Common 
labor  was  paid  for  at  the  rate  of  $2.25  per  8-hour  day 
and  teams  and  drivers  at  the  rate  of  $5  per  day.  The 
accompanying  tabulation  (Table  I)  taken  from  the  annual 
report  of  Sylvester  Q.  Cannon,  City  Engineer,  shows  the 
test  averages  of  the  rock  asphalt  mixture  as  used  last 
year. 


RECOMMENDED  PAVEMENTS  FOR  BOSTON,  MASS. 

A  committee  of  engineers,  consisting  of  .James  H.  Sul- 
livan, II.  J.  Hughes,  Guy  C.  Emerson,  Arthur  W.  Uean  and 
John  R.  Rablin,  was  appointed  this  spring  by  the  mayor 
of  Boston,  Mass.,  to  make  recommendations  as  to  the  pol- 
icy to  be  followed  by  the  city  in  the  surfacing  of  the 
streets.     The  committee  submitted  its  report  on  June  15. 

For  purposes  of  the  report  the  streets  were  divided 
into  six  classes,  namely: 

(1)  Heavy  Traffic  Streets;  that  is,  streets  carrying  a 
large  volume  of  heavy  trucking. 

(2)  Main  Arteries;  that  is,  main  radial  highways  lead- 
ing to  and  from  the  city  proper  and  carrying  heavy  traffic. 

(3)  Retail  Shopping  and  Office  Building  Districts. 

(4)  Residential   Districts   (city  proper). 

(5)  Residential   Districts    (suburban). 

(6)  Park  Roads. 

The  types  of  surfacing  recommended  for  the  various 
classes  of  streets  were  as  follows: 

ClasSVJ — (heavy  traffic  streets) :  Granite  blocks  laid  on 
Portland  cement  concrete  base  not  less  than  6  in.  in  thick- 
ness, the  joints  to  be  filled  with  Portland  cement  grout; 
in  the  case  of  excessive  grades,  pitch  to  be  substituted 
for  grout  in  the  upper  inch  or  so  of  the  joints,  in  order 
to  provide  better  foothold  for  horses. 

(ilass  2 — (main  arteries)  :  The  same  type  of  pavement 
as  Class  1,  with  a  few  exceptions  where  the  surroundings 
require  a  smoother  and  less  noisy  surface,  such  as  wood 
blocks  or  the  best  grades  of  bituminous  pavements. 

Class  3 — (Retail  shopping  and  office  building  districts) : 
Treated  wood  block  pavements,  the  best  grades  of  bitu- 
minous, pavements  on  a  Portland  cement  concrete  base. 
At  the  present  time  the  only  wood  recommended  for  wood- 
block pavements  is  long-leaf  yellow  pine. 

Class  4 — (Residential  districts  in  the  city  proper): 
Treated  wood-block  pavements,  the  best  grade  of  bitu- 
minous pavements  or  Portland-cement  concrete  pave- 
ments; the  choice  to  be  determined  by  the  intensity  and 
character  of  the  traffic. 

Class  5 — (Suburb  and  residential  districts)  :  Cheaper 
types  of  bituminous  pavements,  using  old  macadam  sur- 
faces for  the  base  where  suitable,  or  Portland-cement 
concrete  pavements. 

Class  6 — (Park  roads  carrying  only  pleasure  traffic) : 
Bituminous  pavements  using  old  macadam  for  the  base 
v.'here  suitable,  or  Portland-cement  concrete  pavements. 

The  committee  deemed  it  inadvisable  and  unnecessary 
to  prepare  new  specifications  for  the  pavement  recom- 
mended in  view  of  the  fact  that  most  excellent  specifica- 
tions have  been  carefully  prepared  after  thorough  dis- 
cussions by  experts,  and  adopted  by  organizations  of  high 
standing.  It  was  recommended  that  paving  work  done 
by  the  city  and  the  provisions  and  requirements  of  any 
guarantees  relating  to  such  work  should  conform  sub- 
stantially to  specifications  adopted  by  the  American  So- 
ciety of  Municipal  Improvements,  for  granite  block,  wood 
block  and  bituminous  pavements;  for  Portland  cement 
concrete  surfaces  the  work  should  conform  substantially 
to  the  standard  specifications  of  the  American  Concrete 
Institute. 
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REMOVING    OLD    PAVEMENT    AND    CONCRETE 
BASE  WITH  STEAM  SHOVEL. 

The  laying  of  an  improved  granite  pavement  on  Broad- 
way, Borough  of  Brooklyn,  New  York  City,  involved  a 
number  of  interesting  constructive  features.  Chief  of 
these  was  the  use  of  a  steam  shovel  for  ripping  up  the 
old  wood  block  pavement  and  the  5-in.  concrete  base. 

The  shovel,  which  was  manufactured  by  the  Keystone 
Driller  Co.,  of  Beaver  Falls,  Pa.,  has  a  V2-yd.  bucket  and  a 
boom  so  placed  that  it  can  be  lowered  parallel  to  the 
ground.     The  bucket  slid  along  the  boom  and  scooped  up 


steam    Shovel    Excavating    Pavement    and    Concrete    Base. 

the  wood  blocks  and  loaded  them  into  dump  wagons.  The 
concrete  base  was  handled  in  the  same  way.  The  shovel, 
despite  many  delays  due  to  traffic  conditions,  removed 
about  700  sq!  yd.  of  blocks  per  day.  On  the  concrete  base 
it  averaged  from  500  to  700  sq.  yd.  of  concrete  base.  The 
operating  force  consisted  of  an  engineer  and  fireman ;  and 
a  foreman  and  two  laborers.  The  latter  were  employed  in 
laying  plank  for  the  shovel  to  move  over  under  its  ovm 
power  and  for  leveling  up. 

The  shovel  was  followed  by  a  gang  of  laborers  who 
brought  the  street  to  the  required  grade,  which  was  about 
3  in.  below  the  old  one.  This  grade  was  then  compacted 
by  a  10-ton  steam  roller  and  the  6-in.  concrete  base 
placed,  the  mixing  being  done  by  a  Koehring  paver.  The 
blocks  were  laid  on  a  1-in.  sand  cushion.  The  blocks  were 
of  the  latest  improved  smooth  head  %-in.  joint  type,  3% 
in.  to  41/4  in.  wide,  4%  in.  to  51/4  in.  deep  and  8  to  12 
in.  long.  No  pea  stone  was  used  in  the  grout,  a  1  to  1 
tar  and  sand  filler  mixed  in  a  batch  mi.xer  being  used. 

The  pavement  was  laid  between  Havemeyer  St.  and 
Myrtle  Ave.  and  amounted  to  about  34,464  sq.  yd.  Work 
on  it  was  started  the  latter  part  of  May.  The  contractor 
was  the  Charles  A.  Myers  Contracting  Co.  of  Brooklyn. 

A  METAL  STREET  BLOCKADE. 

The  street  or  road  baricade  shown  in  the  accompanying 
drawing  has  just  been  placed  on  the  market  by  the  C.  C. 
Fouts  Co.,  Middletown,  0.  The  baricade  is  made  of  metal. 
The  stand  consists  of  V2-in.  pipes  welded  together,  and  is 
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Metal    Road    Blockade. 


3  ft.  high.  The  ladder  portion  is  supported  on  pins  in  a 
frame  welded  to  the  posts.  The  gate  post  is  10  ft.  in 
length  and  8  in.  wide.  The  targets  are  9  in.  wide  by  15 
in.  long. 


FILLER  FOR  GRANITE  BLOCK  PAVEMENT. 

A  special  filler  for  use  in  granite  block  pavement  con- 
struction has  been  developed  by  Mr.  Bruce  Aldrich,  Chief 
Asphalt  Inspector  of  the  city  of  Baltimore,  Md.  This 
filler  has  been  used  with  excellent  results  by  the  Paving 
Commission  of  that  city. 


This  filler  is  refined  from  Mexican  crude  oil  and  has 
the  following  characteristics: 

Bitumen   soluble   in   CS 99.80% 

Bitumen   soluble  in  CCl, 99.80% 

Specific   gravity,    60°   F 1.042% 

Penetration  at  32°  F 17 

Penetration  at  77°  F 45 

Penetration  at  115°  F 160 

Ductility  at   77°   F 50  cm. 

Loss  325°  F.,  5  hrs..  20  grm None 

Penetration  at  77°  F.,  after  this 32 

Per  cent  hardened 28.8 

Melting  point,  cube   method 115°  F. 

To  obtain  best  results  when  using  this  filler  the  granite 
blocks  are  laid  with  close  joints  (not  over  V^  in.)  on  a 
bed  consisting  of  1  part  Portland  cement  and  4  parts  of 
clean,  screened,  sharp  sand,  with  a  depth  of  1  in.  The 
surface  of  the  pavement  is  covered  with  hot  torpedo 
gravel,  which  is  swept  into  the  joints  to  a  depth  of  about 
1  in.  The  blocks  are  then  rammed,  after  which  the 
joints  are  poured  half  full  with  asphalt  block  filler.  They 
are  then  filled  to  within  ^2  in.  of  the  top  of  the  blocks 
with  torpedo  gravel  and  again  poured  with  filler,  which 
flows  over  the  blocks,  covering  the  entire  surface  of  the 
pavement.  Hot  gravel  is  then  thrown  over  the  surface, 
which  can  in  a  few  hours  be  opened  to  traffic.  In  fact 
the  sooner  the  better,  as  the  action  of  the  horses'  feet  and 
wagon  wheels  tends  to  caulk  the  material  into  the  joints. 

In  using  this  filler  care  should  be  taken  to  have  it  at  a 
temperature  between  375  and  425°  F.,  as  it  will  not  pene- 
trate and  fill  all  interstices  if  poured  at  a  lower  tempera- 
ture. 

It  is  also  imperative  that  the  blocks  should  be  perfectly 
dry  and  free  from  dust,  as  the  filler  will  not  adhere  to  a 
wet  or  dusty  surface. 


TOOL  FOR  REMOVING  SOD  FROM  EDGE  OF 
CONCRETE  WALK. 

Contributed    by    H.    R.    Ferriss,    Victoria,    B.    C. 

In  a  finely  kept  estate  which  our  company  owns,  there 
are  about  i9,000  lin.  ft.  of  concrete  walks,  over  both 
edges  of  which  the  adjoining  turf  had  grown,  in  places 
as  much  as  8  ins.  In  order  to  reduce  the  cost  of  hand 
trimming,  it  was  decided  to  remove  a  strip  of  sod  about 
11 2  in.  wide  by  3  in.  deep  from  both  edges  of  the  walk, 
and  as  there  seemed  to  be  no  tool  in  the  market  which 


"Home    Made"    Plow  for   Removing   Sod. 

would  do  this  work  efficiently  and  cheaply,  the  device 
shown  in  the  illustration  was  made.  The  "plow"  was 
designed  and  made  by  the  "handy-man"  employed  on  the 
estate.  The  wheels  and  handles  were  taken  from  a 
"scrapped"  horse-mower,  and  the  other  parts  were  forged 
in  the  shop. 

The  "plow"  worked  by  two  men,  one  holding  the  han- 
dles, and  one  particularly  husky  chap  pulling  with  a  rope, 
removed  a  neat  strip  of  sod  of  uniform  width,  for  the 
following  cost: 


September   6,    1916 
V  o  1.  X  L  \'  I.     N  o.   1  0 

COST  OF  EDGING  38,000  LIX.   FT.  OF  SOD. 
Coit   of  plow — 

Labor    $3.25 

Materials  (.not  including;  old  parts) 1.00     $  4.25 

J-aljor — 

Edging,  72  hr.  at  20  ct 14.40 

Cleaning  up  and  removing  sod.  63  hr.  at  20  ct 12.60       27.00 

$31.45 

Total  cost  per  1,000  lin.  ft.,  S3  ct. 

The  sod  had  to  be  removed  a  considerable  distance  in 
wheelbarrows  as  the  adjoining  property  is  privately 
owned. 


CONCRETE     MIXER     USED     FOR     ROLLING 
SUB-GRADE. 

In  connection  with  some  paving  work  at  Glenwood,  la., 
the  contractor,  Mr.  Samuel  Friedman,  Keeline  BIdg., 
Omaha,  Neb.,  used  his  paving  mixer  for  rolling  the  sub- 
grade.  The  accompanying  illustration  shows  the  mixer 
operating  as  a  roller.     One-half  inch  steel  tires,  30  in. 


Concrete     Mixer    With     Roller    Wheels,    Compacting    Subgrade. 

diameter,  butt  welded,  and  24  in.  length,  were  slipped 
over  the  regular  mixer  wheels,  and  the  outer  half  of  each 
tire  filled  with  cement  and  sand  mixed  in  the  propor- 
tions of  1  to  2.  The  entire  cost  was  approximately  $75. 
Mr.  Friedman  writes  that  an  excellent  compression  was 
obtained  with  the  rolls.  The  mixer  was  a  Chain  Belt 
paver,  manufactured  bv  the  Chain  Belt  Co.,  Milwaukee, 
Wis. 


MOTOR  TRUCK,   SCARIFIER  AND  ROAD   GRAD- 
ERS ON  GRAVEL  ROAD  MAINTENANCE. 

The  maintenance  of  450  miles  of  gravel  roads  in  Mont- 
gomery County,  Alabama,  is  under  the  direction  of  Mr. 
Thomas  H.  Edwards,  County  Engineer,  who  has  effected 
remarkable  reductions  in  maintenance  costs.  The  county 
now  has  five  White  trucks  (5-ton,  6-cylinder),  a  fleet  of 
Troy  reversible  trailer  wagons  and  a  fleet  of  Road  King, 
Russell.  Western  and  Ohio  Reversible  road  graders. 

A  motor  truck  with  three  road  machines  covers  -30  miles 
a  day  at  the  following  cost  per  day,  exclusive  of  interest, 
depreciation  and  repairs: 

Truck  driver   S3.00 

Lab.jrer.s.  3  at  $1 3.00 

Foreman   3.00 

Gasoline,  20  gal.  at  25  ct 6.00 

Oil.  2  gal.  at  50  ct 1.00 

Total  for  30  miles  at  50  ct $15.00 

A  round  trip  with  the  fleet  of  three  road  machines  com- 
pletely resurfaces  a  gravel  road  after  a  rain,  at  a  cost 
of  50  ct.  per  mile  of  road  exclusive  of  interest,  deprecia- 
tion and  repairs. 

Where  a  road  has  worn  into  ruts  and  hollows,  scarify- 
ing is  necessarv  before  scraping.  The  cost  of  scarifying 
a  mile  of  road  is  about  as  follows: 
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Lal.or.  5.25  days  at  »1 $5.25 

Truck  driver,  1.15  days  at  $3 3.45 

For<>nian,  1.15  days  at  $3 3.45 

Gasoline.  25  gal.  at  25  ct 6.25 

Oil,   ti  gal.  at  50  ct 3.00 

Total     $21.40 

The  width  scarified  is  about  12  ft.  In  addition  to  this 
the  co.st  of  shaping  the  surface,  using  a  truck  hauling 
one  road  machine,  is  about  ^2.50  per  mile  of  road,  mak- 
ing a  total  of  about  $24  per  mile. 

On  the  average  the  450  miles  of  gravel  roads  require 
scarifying  and  shaping  of  the  surface  about  once  an- 
nually. The  surfacing  after  rains  (without  scarifying) 
is  done  about  15  times  annually  on  the  average  road. 


CONFERENCE  ON  BRICK  PAVEMENT  CON- 
STRUCTION. 

The  National  Paving  Brick  Manufacturers'  Associa- 
tion will  hold  a  study  and  conference  on  brick  pavement 
construction,  Oct.  6,  at  Paris,  111.  The  headquarters  will 
be  the  Deming  Hotel,  Terre  Haute,  Ind.,  from  which  place 
those  participating  will  go  via  interurban  railway  to 
Paris,  111. — an  hour's  ride — where  the  construction  dem- 
onstration will  take  place. 

The  demonstration  will  consist  largely  of  steps  show- 
ing the  economy  of  construction  details  in  building  a 
brick  pavement  by  laying  the  brick  in  green  mortar.  An 
important  purpose  of  the  effort  will  be  to  show  how  such 
a  pavement  can  be  built  with  the  least  possible  cost  and 
yet  maintain  all  the  essentials  of  worth. 

All  persons  connected  in  any  way  officially  or  those 
deeply  interested  in  the  roads  of  this  country  will  be 
made  welcome  at  this  conference.  It  is  undertaken,  no 
less  in  behalf  of  the  brick  industry,  than  in  the  sincere 
belief  that  the  country  itself  is  bound  to  be  profited  by 
such  an  opportunity. 

Members  of  the  American  Society  of  Municipal  Im- 
provements on  their  way  to  the  annual  meeting  of  that 
society  can  spend  Oct.  6  at  this  conference  and  reach 
Newark,  N.  J.,  the  following  Monday. 

The  conference  will  be  characterized  by  a  critical  study 
of  what  may  be  seen  in  every  phase  of  the  construction 
and  the  finished  pavement.  All  those  expecting  to  take 
advantage  of  this  opportunity  are  requested  to  notify  the 
secretary  of  the  association.  Will  P.  Adair,  Cleveland, 
O.,  in  order  that  they  may  be  fully  informed  of  the  pro- 
gram, arrival  and  departure  of  trains,  etc. 


EXTENSION  WHEEL  RIMS  FOR  MOTOR  TRUCK. 

Mr.  Albert  E.  Gr?.y,  a  contractor  of  Goodland,  Ind.,  has 
equipped  the  rear  tvheels  of  his  31 2-ton  service  motor 
truck  with  extension  rims  as  shown  in  the  accompanying 
illustration.  The  truck  has  36-in.  x  10-in.  Firestone  tires. 
The  rim  on  the  inside  of  the  wheel  is  31  in.  by  4  in.  wide, 


Extension    Rims  on    Motor  Trucl<   Wheels. 

and  on  the  outside  31  in.  by  6  in.  wide.  The  rims  have 
proved  exceedingly  useful  in  loose  stone,  sand,  or  on 
earth  roads  where  the  truck  has  run  in  the  same  track 
on  each  trip. 
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METHODS  AND  COSTS  OF  CONSTRUCTING  BITU- 
MINOUS SURFACED  CONCRETE  ROADS 
IN  CALIFORNIA. 

The  act  of  1909,  under  which  California  began  the  build- 
ing of  a  state  highway  system,  provided  $18,000,000  and 
called  for  the  construction  of  nearly  2,900  miles  of  roads. 
The  State  Highway  Commission  therefore  was  confronted 
with  the  problem  of  providing  improved  roads  at  an  aver- 
age cost  of  approximately  $6,200  per  mile,  this  sum  includ- 
ing expenses  of  every  nature.     In  order  to  effect  a  most 
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Figs.  1  and  2 — Methods  of  Spreading  Screenings.  Fig.  1  shows  hand 
spreading  method.  One  strip  of  concrete  base  7'  2  ^^'  wide  has  just 
been  oiled  and  laborers  are  throwing  screenings  from  smalt  stocl< 
piles.  Fig.  2  shows  machine  spreading  method.  A  small  hopper 
discharging  into  30-in.  revolving  disc  is  attached  to  rear  end  of 
truck  body.  Two  laborers  with  truck  feed  screenings  to  hopper  and 
load  triick  from  stock  piles. 

vital  economy  and  to  conserve  as  far  as  possible  the  avail- 
able funds  the  commission  adopted  for  a  considerable  part 
of  the  mileage  a  road  surface  consisting  of  a  i^-in.  bitu- 
minous top  composed  of  heavy  asphaltic  road  oil  and 
screenings  placed  on  a  4-in.  concrete  base.  Many  miles 
of  this  construction  have  been  completed,  and  it  is  stated 
for  average  highway  traffic  the  bituminous  carpet  has 
begun  to  demonstrate  that  it  is  an  exceedingly  economical 
and  successful  type  of  surfacing. 

In  a  recent  report  to  Mr.  Austin  B.  Fletcher,  State  High- 
way Engineer,  Mr.  W.  C.  Howe,  Division  Engineer  of  the 
commission,  gives  some  interesting  details  regarding  the 
method  of  construction,  costs  and  durability  of  the  bi- 
tuminous surfaced  concrete.  His  information  is  based  on 
experience  gained  in  the  construction  of  400,000  sq.  yd. 
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Fig.   3 — Oil    Heating    Plant. 

of  this  surfacing  in  Division  V  of  the  state  highway  sys- 
tem between  Salinas  and  Santa  Barbara.  The  main  fea- 
tures of  the  report  follow: 

The  equipment  necessary  to  apply  this  wearing  coat  in 
the  most  economical  manner  consists  simply  of  the  fol- 
lowing: 

1.  A  semi-portable  oil  heating  plant,  one  arrangement 
of  which,  together  with  the  necessary  items,  is  shown  in 
Fig.  1. 

-    2.    One  or  two^-preferably  two — 5  or  6-ton  motor  trucks, 
with  power  dump  bodies,  one  of  which  is  interchangeable 


ENGINEERING 
AND      CONTRACTING 

with  a  1,000-gal.  pressure  oil  distributor  which  is  operated 
by  truck  motor. 

3.  One  9-ft.  broom,  horse-drawn  street  sweeper. 

4.  Set  of  car  unloading  chutes  or  portable  bunker  of 
sufficient  capacity  to  hold  12  tons  of  screenings. 

5.  I,ot  of  small  tools  such  as  shovels,  round  and  square 
point,  broad-blade  hoes,  fiber  and  steel  stable  brooms,  etc. 

With  such  an  outfit,  costing  about  $12,000,  approxi- 
mately 3,000  sq.  yd.  of  completed  surfacing  can  be  laid 
daily  under  average  conditions  for  about  eight  or  nine 
months  of  the  year  in  California;  or  say  a  yearly  output 
of  600,000  sq.  yd.  The  life  of  the  equipment  without  e.\- 
cessive  repairs  is  about  5  years.     With  interest  at  6  per 


Fig.  4 — Permanent  Oil   Heating   Plant. 

cent  and  depreciation  at  20  per  cent  this  fixed  charge  per 
square  yard  of  surfacing  would  be  about  ^  2  of  1  ct.,  based 
on  the  output  noted. 

The  size  of  crew  used  in  this  work  varies  from  10  to  18 
men,  with  a  2-horse  team  for  the  sweeper.  The  following 
scale  is  a  fair  average  of  the  wages  paid  to  an  experi- 
enced organization : 

Per  day. 

Foreman    $5.00 

Oi!   plant   operator 4.50 

^lotor  truck  drivers 4.00 

Oil    distributor    operator .- 3.00 

Skilled    labor    f covering   oil) 2.50 

Teanjster    _. 2.50 

Common  labor  (unloading:  cars,  etc.) 2.25 

Two-horse  team    2.25 

A  description  of  the  work  on  one  section  of  highway 
will  best  describe  the  cycle  of  operations. 

About  two  or  three  weeks  before  the  actual  application 
of  oil  was  contemplated,  the  two  motor  trucks  were  put 
in  service  hauling  screenings  from  cars  at  railroad  sid- 
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Fig.  5 — Pavement  Strip  Ready  for  Oil. 

ings.  and  spotting  the  same  along  the  pavement  in  con- 
venient piles.  Two  methods  of  spotting  piles  of  screen- 
ings were  used,  as  shown  in  Fig.  2. 

At  this  same  time,  the  equipment  comprising  the  oil 
heating  plant  was  shipped  to  the  job.  A  location  approx- 
imately in  the  center  of  the  section  to  be  oiled,  alongside 
a  railroad  siding,  was  utilized  for  oil  plant  site,  and  the 
heating  plant,  similar  in  arrangement  to  plan  in  Fig.  1, 
was  erected.  Four  men,  a  foreman  at  $4.50  and  three 
laborers  at  $2.50  each,  made  the  complete  installation  in 
ten  days. 
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A  few  days  before  the  arrival  of  the  first  car  of  oil,  a 
crew  of  eight  men  each  equipped  with  a  hoe,  a  square 
point  shovel  and  a  stable  broom,  went  from  one  end  of 
the  pavement  to  the  other,  scraping  loose  and  brooming 
off  all  earth  and  detritus  adhering  to  the  pavement 
(tightly  packed  earth  and  manure  will  not  be  removed 
by  the   rotary  broom) . 

Everything  being  in  readiness  to  commence  oiling  op- 
erations, one  of  the  motor  trucks  having  been  equipped 
with  the  oiling  apparatus,  and  hot  oil  being  available  at 
the  oil  plant,  the  pavement  crew  (eight  to  ten  men  and 
2-horse  team  on  sweeper)  prepared  a  strip  of  concrete 
one-half  the  pavement  width  for  a  length  of  4,400-4,500 
ft.,  by  careful  brooming  to  remove  dust  film  and  dirt. 
One  of  the  most  important  steps  in  placing  this  surfacing 


Fig.   6 — Applying    Hot    Oil. 

is  this  work  of  cleaning  the  concrete,  and  it  must  be 
done  thoroughly.  The  hot  oil  was  then  sprayed  on  this 
strip  at  the  rate  of  ij  gal.  per  square  yard,  the  oil  being 
at  a  temperature  of  275'  to  325  F.  at  the  time  of  applica- 
tion. The  pavement  crew,  strung  along  with  300  to  400- 
ft.  intervals  between  the  men,  immediately  covered  the 
oil  roughly  with  a  light  coat  of  screenings  and  as  soon 
as  the  oil  was  completely  covered,  the  horse-drawn 
sweeper,  with  broom  locked  against  revolving,  was  driven 
back  and  forth  the  length  of  the  strip  until  the  screen- 
ings presented  a  smooth,  uniform  appearance. 

The  traffic  was  then  turned  on  to  this  oiled  and  screened 
strip  and  the  remaining  half  of  the  concrete  pavement 
was  closed  to  traffic  and  cleaned  to  receive  its  coat  of  oil. 

In  this  manner,  viz.:  a  single  application  of  V4  gal. 
of  oil  per  square  yard  in  successive  strips,  each  about 
4,200  ft.  in  length,  first  one  one-half  and  then  on^the 
adjoining  one-half  of  the  pavement,  the  work  was  car- 
ried forward  until  the  entire  pavement  had  received  a 
first  coat  of  oil  and  screenings;  the  traffic  being  allowed 
to  pass  over  a  strip  as  soon  as  thoroughly  covered  with 
screenings. 

A  second  coat  of  oil  and  screenings  exactly  similar  in 
quantity  and  method  was  then  applied  over  the  whole  sec- 
tion on  top  of  the  first  coat,  care  being  used  to  sweep 
the  initial  covering  clean  of  loose  screenings  or  dust 
before  applying  oil.  With  the  completion  of  this  second 
coat,  the  bituminous  surfacing  was  practically  abandoned 
to  traffic,  one  man  and  a  small  wagon  and  horse  being 
left  on  the  work  to  add  additional  screenings  wherever 
oil  showed  signs  of  working  to  the  surface.  This  care 
against  "bleeding"  was  maintained  for  about  three  weeks, 
and  in  a  short  time  thereafter  the  traffic  had  given  the 
su!-facing  a   smooth,   uniform   asphaltic    appearance. 

The  use  of  coarse  sand  for  the  second  coat  in  place  of 
screenings  has  been  tried  with  apparently  satisfactory 
results,  but  it  is  Mr.  Howe's  belief  that  the  use  of  good, 
hard  broken  stone  screenings,  free  from  the  dust  of  frac- 
ture, for  both  coats  of  oil  will  make  a  more  lasting  and 
satisfactory  surfacing  than  the  sand. 

A  brief  summation  of  costs  of  the  Highway  Commis- 
sion's surfacing  above  described,  is  herewith  given. 
These  items  of  costs  are  averages  taken  from  seven  differ- 
ent jobs,  the  smallest  of  which  covered  12,800  sq.  yds., 
and  the  largest  116,000  sq.  yds.,  the  total  being  about 
400,000   sq.  yds. 
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AVEHAGE  COSTS. 

Per  sq.  yd. 
of  pavement. 

•I'nlotidinB  screeninss    $0.0035 

Hauling  and  piling  screenings 0.0130 

*S|iitailiiiK  screenings  on   oil 0.0037 

•TiilcKiiiiK  tanl<  cars  and  heating  oil 0.0056 

HaiiliMi.;  atul  spreading  oil 0.0050 

•Cleaning   *iurface   to   receive   oil 0.0040 

Scr<>enings   (co-st  f.  o.   b.  cars  railroad   sidings) 0.0325 

Asphiltlc  oil  (cost  f.  o.   b.  cars  railroad  sidings) 0.0142 

•Interest    and    depreciation 0.0045 

•Supervision  and  overhead 0.0025 

Total  cost  per  s<i.  yd $0.0885 

•These  items  vary  but  little  no  matter  what  the  location  of  the 
work.  Other  items  are  variable  and  depend  upon  length  of  haul, 
nearness  to  source  of  supply,  etc. 

This  table  includes  the  cost  of  all  repairs  to  equipment, 
together  with  the  full  cost  of  all  incidental  tools,  etc. 

It  has  been  freely  prophesied  that  this  surfacing  will 
have  a  life  of  from  three  to  four  years  with  moderate  re- 
pairs. That  it  will  have  even  a  longer  life  is  now  very* 
probable,  and  such  repairs  as  have  been  made  in  the  case 
of  the  400,000  sq.  yds.  previously  mentioned,  will  amount 
to  less  than  $200,"  or  about  $0.0005  (one-half  mill)  per 
square  yard,  and  some  of  this  surfacing  is  almost  2  years 
old.  With  the  exception  of  one  small  piece  of  surfacing 
containing  a  few  thousand  square  yards,  which  was  im- 
properly put  down  due  to  adverse  conditions,  all  of  the 
400,000  sq.  yds.  is  in  excellent  condition  at  this  writing. 

If  it  became  necessary  to  replace  this  surfacing  every 
4  years,  it  should  be  borne  in  mind  that  such  replacement 
could  be  made  time  after  time,  six,  seven,  or  even  eight 
times,  before  the  cost  of  one  surfacing  with  standard 
sheet  asphalt  would  be  approached.  In  other  words,  at 
an  equal  cost  with  standard  sheet  asphalt  surfacing,  the 
thin  bituminous  covering  used  by  the  California  High- 
way Commission  would  have  a  life  (by  replacement)  of 
at  least  30  years  with  very  moderate  maintenance. 

In  conclusion,  an  expensive  surfacing  would  very 
quickly  have  exhausted  the  highway  bond  issue  fund, 
while  replacements  of  the  thin  bituminous  surfacing  can 
be  made  from  year  to  year  as  necessary  from  the  main- 
tenance fund  provided  by  the  motor  vehicle  tax,  and  the 
people  thus  directly  benefit  by  the  increased  mileage  of 
permanent  smooth  highway  over  which  they  may  travel. 

The  following  photographs  are  illustrative  of  the  work 
and  equipment  described  therein.  Fig.  4  shows  a  per- 
manent installation  of  one  of  the  Commission's  oil  heat- 
ing plants.  The  covered  road  oil  storage  tank  in  fore- 
ground has  a  capacity  of  25,000  gal.  The  steam  boiler 
and  road  oil  pump  are  in  the  little  building,  to  the  left 
of  which  appears  the  oil  retort  or  heater. 

The  oil  is  shipped  in  tank  cars  containing  pipe  coils. 
Uoon  arrival  at  plant,  connection  is  made  to  this  pipe 
coil  and  the  oil  heated  until  it  will  flow  into  storage  tank. 
The  storage  tank  contains  a  large  amount  of  steam  coil 
and  here  oil  is  heated  to  about  200°  F.  The  hot  oil  is 
then  pum.ped  through  retort  where  its  temperature  is 
raised  to  350-373  F.,  at  which  degree  it  goes  into  motor 
truck  tank. 

Figure  5  shows  one  strip  of  pavement  that  has  just 
been  given  a  coat  of  oil  screenings.  The  contiguous  strip 
has  been  cleaned  ready  for  the  arrival  of  the  truck  with 
hot  oil.  In  Fig.  6  the  hot  oil  is  being  applied  to  the  con- 
crete, shown  in  the  preceding  view. 


ANNUAL      CONVENTION      OF      SOCIETY      FOR 
STREET  CLEANING  AND  REFUSE  DISPOSAL. 

The  annual  convention  of  the  Society  for  Street  Clean- 
ing and  Refuse  Disposal,  of  which  Joseph  R.  Buchanan, 
Municipal  Bldg..  New  York  City,  is  Secretary,  will  be  held 
Oct.  13  and  14  in  New  York  City.  The  business  sessions 
will  be  held  in  the  building  of  the  New  York  Department 
of  Street  Cleaning,  on  20th  St.,  between  6th  and  7th  Ave. 
The  annual  convention  of  the  Society  of  Municipal  Im- 
provements will  be  held  in  Newark,  N.  J.,  6n  Oct.  9-13, 
and  as  some  of  the  members  of  that  society  also  are  mem- 
bers of  the  Society  for  Street  Cleaning  and  Refuse  Dis- 
posal it  was  thought  desirable  to  select  a  time  for  the 
convention  that  would  make  it  possible  for  such  members 
to  attend  both  conventions  on  the  trip  to  the  east. 
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ENGINEERING 
AND     CONTRACTING 


STREET     CLEANING     WITH     POWER     DRIVEN 
STREET  SWEEPERS  AT  LOS  ANGELES,  CAL. 

The  city  of  Los  Angeles,  Cal,  may  use  vacuum  street 
sweepers  for  cleaning  its  paved  streets.  Specifications 
prepared  recently  by  Homer  Hamlin,  City  Engineer  of 
Los  Angeles,  CaL,  preparatory  to  letting  a  contract  for 
sweeping  the  paved  streets  of  the  city  with  power  driven 
street  sweepers,  provide  that  the  sweepers  shall  be  suc- 
tion or  vacuum  pickup  type  or  any  power  driven  type 
which  satisfactorily  gathers  up  the  dirt  and  transports 
it  to  a  predetermined  dumping  point. 

A  trial  of  vacuum  sweepers  was  made  in  Los  Angeles 
early  this  year.  A  "Baxter"  sweeper  was  operated  three 
months  (February,  March  and  April)  and  swept  approxi- 
mately 3,010,500  sq.  yd.  net  of  paved  surfaces  per  month 
at  a  cost  of  16.5  ct.  to  17  ct.  per  1,000  sq.  yd.,  the  hire  of 
the  sweeper  being  $500  per  month.  The  manufacturers 
offered  to  sweep  the  streets  at  a  cost  of  10  ct.  per  1,000 
sq.  yd.,  but  did  not  state  the  basis  on  which  the  area 
swept  was  to  be  computed. 

In  the  trial  the  sweeper  was  used  in  the  down-town 
semi-business  and  hotel  district.  On  account  of  the  traffic 
interference  it  was  found  impractical  to  use  it  on  the 
main  business  streets.  The  machine  was  operated  be- 
tween the  hours  of  10  p.  m.  and  6  a.  m.  each  week  day. 
It  is  stated  that  during  the  wet  season  it  was  necessary 
to  use  flushiiij  service  as  the  sweeper  did  not  clean  the 
street  of  mud     The  machine  ^raveled  21  miles  per  day. 

Some  of  the  pro'-isions  cC  the  specifications  for  the 
street  sweeping  contract  are  as  follows: 

The  work  to  be  done  under  these  specifications  is  to  clean  paved 
streets  in  the  City  of  Los  Angeles  with  power-driven  street  sweepers 
for  a  period  of  1,  2  or  3  years. 

The  sweepers  shall  be  suction  or  vacuum  pick-up  type,  or  any 
power-driven  type  which  satisfactoril;-  gathers  up  the  dirt  and  trans- 
ports it  to  a  predetermined  dumping  point.  They  must  be  so  con- 
structed that  their  operations  will  create  no  nuisance.  Before  award 
of  the  contract  the  Board  of  Public  'Works  may  require  any  bidder 
to  operate  a  sweeper  similar  to  those  upon  which  his  bid  is  based 
for  a  period  of  30  days  upon  paved  streets  in  the  City  of  Los  Angeles 
and  demonstrate  that  the  sweeper  will  clean  the  streets  in  a  manner 
satisfactory  to  the  Board  of  Pubhc  Works.  For  this  operation  for 
purpose  of  demonstration  the  city  will  furnish  all  electric  power,  fuel 
and  oil  actually  consumed  by  the  sweeper  on  the  work  and  will  pay 
not  to  exceed  $3.00  per  day  for  each  necessary  attendant  not  exceed- 
ing two  for  the  operation  of  the  machine  while  sweeping.  Other  ex- 
penses of  the  demonstration  shall  be  borne  by  the  bidder. 

Within  90  days  after  the  execution  of  the  contract  the  contractor 
shall  place  in  operation  enough  .sweepers  to  sweep  600,000  sq.  yd.  of 
pavement  in  an  S-hour  period.  The  minimum  amount  of  sweeping 
shall  not  be  less  than  1,200,000  sq.  yd.  per  calendar  day  except  when 
the  pavement   is  wet  from  fog  or  rain. 

The  contractor  shall  furnish,  from  time  to  time  as  the  Board  of 
Public  Works  shall  direct,  and  within  90  days  from  and  after  written 
notice  to  do  so.  as  many  other  additional  sweepers  as  in  the  judg- 
ment of  the  Board  of  Public  Works  may  be  necessary  or  convenient 
to  perform  the  work  contemplated  by  these  specifications;  provided, 
no  notice  to  increase  the  number  of  "sweepers  shall  be  given  within 
10  months  from  the  termination  of  the  contract. 

Each  bidder  shall  describe  the  equipment  upon  which  his  bid  is 
based  and  shall  state  the  speed  of  the  machine  and  the  width  of 
pavement  swept  per  trip.  If  the  sweeper  will  not  clean  from  curb 
face  to  curb  face  additional  labor  and  facilities  shall  be  furnished 
by  Che  contractor  sufficient  to  complete  the  wort  Each  sweeper 
shall,  have  capacity  to  carry  one  or  more  cubic  yards  of  sweepings. 

The  working  periods  for  sweepers  shall  be  multiples  of  S  hours  plus 
an  intermission,  if  desired  by  the  contractor,  of  not  more  than  1  hour. 
The  Board  of  Public  Works  shall  have  the  right  to  designate  the 
time  at  which  the  working  period  for  any  district  served  by  1  sweeper 
fhall  commence  or  end.  but  the  districts  seived  by  the  sweepers  and 
the  hours  for  sweeping  shall  be  so  arranged  that  each  sweeper  can 
work  at  least  IS  hours  per  calendar  day  on  such  days  as  sweeping  is 
performed.  The  Beard  of  Public  Works  shall  have  the  right  to  sus- 
pend sweeping  on  days  when,  in  the  opinion  of  said  Board,  the  pave- 
ment is  wet  from  fog  or  rain.  Sweeping  shall  also  be  suspended  on 
such  portions  of  streets  as  are  obstructed  in  such  a  manner  that  the 
sweeper  does  not  have  reasonable  access  to  the  pavement. 

The  Board  of  Public  Works  may  from  time  to  time,  as  in  its  judg- 
ment the  public  need  and  due  convenience  require,  designate,  change, 
deduct  or  add  paved  streets  (as  weH  in  the  matter  of  the  width  as 
the  length  thereof),  which  shall  be  swept  by  each  sweeper,  together 
with  the  frequency  of  such  sweeping.  The  driver  of  each  sweeper  shall 
mal^e  out  a  daily  report  showing  streets  and  portions  of  streets  by 
Mocks  swept  by  him.  These  reports  shall  be  mailed  or  delivered  to 
the  City  Engineer. 

Each  sweeper  shall  be  kept  and  maintained   in  good  condition  by 


the  contractor.  Whenever  it  is  determined  by  the  Board  of  Public 
Works  that  any  sweeper,  due  to  unfit  condition,  does  poor  work  or 
creates  nuisance  payments  for  its  services  shall  be  suspended  until  It 
is  satisfactorily  repaired. 

Sweepers  shall  be  kept  neatly  painted  and  free  from  advertising 
matter,  and  shall  have  on  both  sides  of  same  the  name  of  the  con- 
tractor in  letters  not  less  than  3  in.  high.  All  of  said  sweepers  shall 
be  numbered  consecutively,  and  such  number  shall  also  be  painted  on 
the  sides  thereof  in  figures  and  not  less  than  3  in.  high. 

The  contractor  shall  operate  and  maintain  all  sweepers  and  shall 
furnish  competent  and  properly  qualified  drivers,  other  employes, 
equipment  and  supplies  necessary  for  such  operation  and  maintenance. 
Each  driver  shall  operate  his  machine  so  that  it  will  clean  in  a 
thorough  and  satisfactory  manner.  If  unswept  or  defectively  swept 
areas  are  found  in  any  block  of  any  street,  other  than  areas  used  for 
dumping  sweepings,  as  hereinafter  provided,  the  amount  of  the  entire 
area  of  the  street  in  said  block  shall  be  deducted  from  that  of  the 
swept  area  thereof,  and  the  contractor  shall  not  be  paid  for  the  amount 
so  deducted.  Sweepers  shall  be  equipped  with  vehicle  recorders  which 
will  show  a  continuous  automatic  record  of  the  speed  of  the  sweeper 
for  all -hours  of  the  day  and  the  total  distance  covered.  The  records  of 
the  vehicle  recorders  shall  be  furnished  by  the  contractor  to  the  city. 
Any  driver  repeatedly  performing  unsatisfactory  work  shall,  upon 
written  request  of  the  Board  of  P-ublic  Works,  be  discharged  by  the 
contractor  and  shall  not  again  be  employed  without  permission  of  said 
Board. 

Sweepings  shall  be  dumped  upon  the  streets  at  points  to  be  desig- 
nated by  the  City's  Inspector  of  sweeping,  which  said  points  shall  be 
within  the  district  being  swept,  and  at  sufficiently  frequent  intervals 
to  avoid  the  necessity  for  idle  running. 

The  sweepings  shall  be  dumped  in  a  compact  pile  by  the  contractor 
so  that  they  can  be  conveniently  loaded  into  wagons.  The  city  will 
then  dispose  of  them. 

The  unit  for  measurement  of  sweeping  shall  be  1.000  sq.  yd.,  which 
has  been  entirely  swept  and  cleaned  in  a  manner  satisfactory  to  the 
Board   of   Public  Works. 

AH  bidaers  shaU  name  a  i  ■  ice  per  1,00(/  sq.  yd.  for  pave.!  !  reas 
swept  on  the  basis  of  the  contract  for  sweeping,  having  a  duration 
of  one  year;  also  a  price  per  1,000  sq.  yd.  for  paved  areas  swept  on 
the  basis  of  the  contract  for  sweeping  having  a  duration  of  two  years; 
also  a  price  per  1.000  sq.  yd.  for  paved  areas  swept  on  the  basis  of  the 
contract  for  sweeping  having  a  duration  of  three  years.  The  city  shall 
have  the  option  of  awarding  the  contract  on  the  basis  of  any  one  of 
the  above  periods.  No  change  as  authorized  by  these  specifications  in 
the  number  of  sweepers  required  or  in  the  aggregate  or  location  of 
areas  to  be  swept  shall  be  considered  as  warrant  for  a  change  in  or 
modification  of  the  price  per  1,000  sq.  yd.  bid. 

On  or  about  the  tenth  day  of  each  month  the  City  Engineer  will 
make  a  statement  of  the  amount  of  sweeping  done  in  accordance  with 
Ihese  specifications  during  the  last  preceding  month.  Payment  for  the 
work  shown  by  said  statement  at  the  price  named  in  the  contract  wiU 
be  made  upon  demands  approved  as  required  by  ordinance  and  charter 
provisions. 


PREVENTION  OF  BLEEDING  AND  SWELLING  IN 
WOOD  BLOCK. 

-Successful  tests  to  prevent  the  bleeding  and  swelling 
of  wood  block  have  been  conducted  by  the  U.  S.  Forest 
Products  Laboratory  at  Madison,  Wis.  The  work  the  lab- 
oratory has  done  in  these  subjects  is  described  in  the 
Proceedings  of  the  American  Wood  Preservers'  Conven- 
tion for  1916.  This  also  contains  the  essential  principles 
developed  in  the  work  on  bleeding  and  swelling.  Briefly, 
the  idea  is  to  preferably  use  green  timber,  and  give  it  a 
thorough  steaming  treatment.  This  is  followed  by  a 
vacuum  to  remove  excess  water  and  air  from  the  wood. 
Without  breaking  the  vacuum  the  oil  is  run  into  the 
cylinder  and  pressure  applied  very  gradually.  The  pres- 
sure is  kept  as  low  as  possible  during  the  oil  pressure 
period.  A  moderate  pressure  drawn  out  for  a  long  time 
gives  more  uniform  penetrations  and  the  oil  is  better  dis- 
tributed throughout  the  charge  than  where  high  pres- 
sures for  a  short  time  are  used.  After  the  required 
amount  of  oil  has  been  injected  into  the  blocks  a  final 
vacuum  is  given.  If  the  tar  and  creosote  mixture  is  used 
as  a  preservative  a  final  steaming  and  vacuum  may  be 
applied  to  clean  off  the  blocks.  Excessive  absorptions 
of  oil  are  one  cause  of  bleeding  and,  hen^e,  the  absorp- 
tion is  specified  to  be  not  over  18  lb.,  and  preferably  not 
over  16  lb.  per  cubic  foot. 

In  case  air  dry  timber  is  used  this  also  must  be  steamad 
if  bleeding  is  to  be  prevented.  Steaming  air-dr>'  blocks 
adds  moisture  to  them  and  makes  them  sufficiently  resist- 
ant to  the  absorption  of  oil  so  that  a  vacuum  may  safely 
be  applied  before  the  oil  is  admitted  to  the  cylinder. 
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METHODS  OF  INIARYLAND  ROADS  COMMISSION 

FOR  PREVENTING  EROSION  OF  ROAD 

SHOULDERS  AND  SLOPES. 

Various  methods  are  used  for  preventing  the  erosion  of 
road  shoulders  and  slopes.  The  particular  system  em- 
ployed, of  course,  depends  in  great  measure  upon  local 
conditions.  In  Mai-yland  the  State  Roads  Commission  has 
paid  much  attention  to  this  subject  and  has  developed  a 
number  of  systems.  We  are  indebted  to  Mr.  Austin  F. 
Shure,  Maintenance  Engineer  of  the  Highway  Commis- 
sion, for  the  illustrations  and  descriptions  of  the  methods 
used  in  Maryland. 
.Figure  1  shows  the  way  the  sides  of  a  sandy  fill  are 
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discarded  10-in.  bridge  timbers.  As  a  rule,  however,  the 
wooden  breaker  is  made  of  2-in.  plank,  and  in  places 
rough  logs  have  been  used.  The  spacing  and  depth  de- 
pends upon  the  kind  of  soil  and  the  grade.  As  a  rule 
they  are  spaced  from  10  to  30  ft.  apart  and  placed  from 
1  to  2'o  ft.  deep. 

The  wooden  breaker  is  the  cheapest  and  most  satisfac- 
tory breaker  in  use.  The  first  cost  is  slight  and  they 
can  be  easily  repaired.  As  a  preventative  against  wash 
they  will  do  all  that  can  be  expected  of  any  breaker. 

Figure  3  shows  the  concrete  breaker  in  use  in  a  light 
clay  soil.  This  is  the  first  type  of  breaker  ever  used 
by  the  state.  While  it  answers  the  same  purpose  as  the 
wooden  breaker  it  is  much  more  expensive  to  construct 


Figs.     1-6 — Methods    of     Maryland     Road     Commission    for    Preventing     Erosion   of  Road   Shouiders  and  Siopes. 


protected  from  wash  by  logs  and  brush,  held  in  place  by 
stakes  and  sliding  earth.  This  method  gives  very  satis- 
facton,-  results.  In  Southern  Marjiand  where  the  soil  is 
of  a  light  sandy  or  gravelly  nature  this  method  has  been 
used  quite  extensively. 

Brush  has  been  employed  in  many  places  for  prevent- 
ing shoulder  wash  as  well  as  the  washing  of  the  slopes, 
particularly  in  the  light  soil  of  Southern  Maryland. 

This  crude  method  is  adapted  to  many  localities  on 
account  of  its  being  so  inexpensive;  in  fact  it  answ-ers 
the  purpose  in  some  localities  where  the  most  expensive 
methods  fail. 

The  wooden  breaker  used  on  a  gravelly  clay  hillside  is 
shown  in  Fig.  2.     These  particular  breakers  are  made  of 


and  if  washed  out  it  cannot  be  repaired.  Unless  it  is 
placed  in  a  very  satisfactory  manner  it  will  quite  often 
be  a  failure.  The  wooden  breaker  has  taken  the  place- 
of  this  kind  of  breaker  construction. 

The  concrete  shoulder  and  gutter  type  is  shown  in 
Fig.  4.  There  are  hillsides  where  either  the  volume  of 
water  is  so  great  or  the  soil  is  of  such  a  character  that 
breakers  or  other  simple  and  cheap  methods  of  shoulder 
protection  are  unsatisfactory  and  in  such  places  the  con- 
crete shoulder  and  gutter  has  been  used. 

The  concrete  slab  is  from  4  to  6  in.  thick,  bound  to  the 
edge  of  the  surfacing  and  built  with  a  curb  or  shoulder 
along  the  outer  edge  to  prevent  water  from  reaching  the- 
outside  and  undermining. 
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A  cobble  shoulder  and  gutter  is  shown  in  Fig.  5.  This 
type  of  shoulder  protection  is  the  most  permanent  of  any 
in  use,  although  the  most  expensive.  While  lots  of  rough 
cobble  work,  built  out  of  field  stone,  has  been  done  on 
many  roads  on  the  western  shore  of  Maryland,  very  little 
shoulder  protection  of  such  an  expensive  type  as  shown 
here  has  been  done  in  the  state  except  on  the  roads  near 
the  Baltimore  city  limits,  where  it  is  used  as  a  protection 
against  wear  and  not  wash. 

The  latest  and  most  satisfactory  method  in  use  as  a 
preventative  against  the  washing  of  slopes  on  heavy  fills 
of  a  light  soil  is  shown  in  Fig.  6.  As  shown  in  the  de- 
tail view,  a  wooden  shoulder  or  curb,  built  of  2  and  3-in. 
plank,  extends  along  the  outer  edge  of  shoulder.  Wooden 
breakers  are  placed  at  various  points  to  prevent  wash- 
ing and  undermining  of  this  wooden  curb,  also  m  front 
of  chute  to  divert  the  water  into  it.    A  plank  is  laid  flat 


Fig.    7 — Road    End    of    Flume. 

in  front  of  chute  to  prevent  the  water  from  getting  under 
the  end.  The  chute  is  placed  at  an  angle  of  probably 
60°  with  the  roadway  and  spaced  from  25  to  100  ft.  apart. 
The  length  of  the  chute  depends  of  course  upon  the 
height  of  the  fill.  Rough  lumber  is  used  for  this  work. 
Material  from  1  to  3  in.  in  thickness  is  used. 

The  cost  of  this  construction  is  small  and  at  this  par- 
ticular location,  on  the  Belair  road  not  far  from  the  city 
limits,  since  the  chutes  were  built  in  the  spring  of  1915, 
they  have  saved  damages  from  washing  which  would 
have  amounted  to  hundreds  of  dollars. 


EXPERIENCE  OF  GLASGOW,  SCOTLAND,  WITH 
MOTOR  STREET  SW  EEPING  MACHINES. 

A  marked  saving  in  the  cost  of  street  cleaning  has  been 
effected  by  the  city  of  Glasgow,  Scotland,  by  the  use  of 
motor  street  sweeping  machines.  This  city  has  a  popula- 
tion of  1,075,000.  Its  area  is  30  square  miles  and  it  has 
475  miles  of  streets,  most  of  which  are  paved  with  whin 
or  granite  blocks ;  comparatively  few  streets  are  smooth 
surfaced.  The  mileage  also  includes  a  number  of 
macadam  roads. 

The  first  mechanically  propelled  street  sweeper  of  the 
city  started  out  on  Sept.  11,  1912.  Since  then  the  number 
has  been  increased  from  time  to  time  until  at  present  the 
Street  Cleaning  Department  owns  12  machines  as  fol- 
lows: Six  18  h.p.  of  the  Lacre  Motor  Co.,  Letchworth, 
England;  five  12  h.p.  of  M.  Laffly,  Boulogne-Sur-Seine, 
France,  and  one  16-18  h.p.  of  Thomas  Green  &  Sons, 
Leeds,  England. 

All  the  machines  are  driven  by  live  axle,  with  the  ex- 
ception of  the  "Lacre"  vehicles,  which  are  chain-driven. 
All  are  fitted  with  rubber  tires.  The  length  of  the  brushes 
varies  from  6  ft.  to  7  ft.  2  in.,  and  the  actual  width  swept 
ranges  from  4  ft.  101->  in.  to  5  ft.  41,2  in.  In  the  case  of 
the  Laffly  machines  the  brush  is  all  in  one  piece  (7  ft.  2 
in.  in  length),  but  in  the  other  types  it  is  made  up  of 
segments  measuring  approximately  16  in.  in  length.  With 
one  exception  the  machines  are  equipped  with  water  tanks 
having  a  capacity  of  80  to  150  gal.,  from  which  the  water 
is  sprayed  under  pressure  by  means  of  atomizers.  The 
vehicles  also  are  fitted  with  "cabs"  and  adjustable  wind- 
screens to  protect  the  driver  during  inclement  weather. 


The  experience  of  Glasgow  with  these  machines  is  given 
by  Mr.  W.  Greig,  city  cleaning  superintendent,  in  a  paper 
presented  at  the  recent  annual  convention  of  British 
Cleaning  Superintendents.  The  matter  in  this  article  has 
been  taken  from  Mr.  Greig's  paper. 

When  the  introduction  of  mechanically  driven  vehicles 
in  place  of  horse-drawn  vehicles  was  under  consideration 
in  Glasgow,  the  two  points  which  had  to  be  carefully  borne 
in  mind  were  "economy"  and  "efficiency."  These  are  vital 
factors — not  only  in  cleansing  work,  but  in  all  work. 

As  regards  economy,  it  is  recognized  that  the  most 
profitable  work  for  petrol-driven  commercial  vehicles  is 
that  which  involves  (1)  heavy  loads;  (2)  long  journeys; 
and  (3)  few  stoppages — as  short  as  possible.  In  cleansing 
work,  motor  street-sweeping  machines  approach  most 
nearly  to  these  ideal  conditions. 

The  journeys  are  long,  the  stoppages  few  and  short, 
whilst  the  load — the  area  swept  in  this  case — is  greater 
than  in  horse-drawn  machines,  and  this  should  be  the 
greatest  possible  consistent  with  speedy  working,  taking 
into  consideration  traffic  conditions,  running  costs,  and 
wear  and  tear  of  machines.  It  is  not  surprising,  there- 
fore, to  find  that  the  unanimous  opinion  of  those  who 
have  used  motor  sweeping  machines  is  that  they  are,  from 
an  economical  point  of  view,  a  pronounced  success. 

As  to  efficiency,  the  general  consensus  of  opinion  is  that 
motor  street-sweeping  machines  do  the  work  of  sweeping 
quite  as  well  as — possibly  rather  better  than-  -horse-drawn 
sweeping  machines.  There  may  be  superintendents  and 
others  who  hold  the  view  that  horse-drawn  machines  do 
the  work  better.  This  is  assuming,  of  course,  that  the 
motor  sweeper  is  operating  under  good  working  condi- 
tions. It  is  the  case  that  the  motor  sweeping  machine, 
when  the  brushes  are  nearly  worn  out,  may  not  give  as 
good  results  during  the  last  half  shift  when  the  brush  is 
in  reality  too  short  for  satisfactory  work.  This  is  due  to 
the  fact  that  the  first  half  shift  of  the  last  day's  work 
has  worn  the  brush  to  that  point.  It  must  be  borne  in 
mind  that  a  motor  sweeper  traveling  over  six  miles  per 
hour  wears  out  the  brush  in  a  much  shorter  time  than  a 
horse-drawn  machine,  and  therefore  a  half  shift  in  a 
motor  sweeper  makes  an  appreciable  difference  in  a  brush, 
whereas  in  a  horse-drawn  machine  it  is  insignificant. 

This  is  one  of  the  few  points  in  which  the  actual  con- 
ditions suit  the  horse-drawn  machine  better  than  its 
rival  and  enable  it  to  show  in  a  favorable  light — it  sweeps 
well  to  the  end  of  the  line  of  the  brush.  But  this  adverse 
criticism  of  the  motor  vehicle  only  applies  to  machines 
working  during  the  night,  or  at  a  considerable  distance 
from  the  depot  during  the  day.  If  working  during  the 
day  within  reasonable  distance  from  the  depot,  the  worn- 
out  brush  can  be  taken  out  and  replaced.  With  machines 
working  during  the  night,  or  at  a  considerable  distance 
from  the  depot  during  the  day,  the  unsatisfactory  work 
can  be  reduced  to  a  minimum  by  working  the  machines 
in  teams  of  three  or  four,  utilizing  the  machine  with  the 
shortest  brush  to  perform  the  first  stroke  throughout  the 
sweeping  operations. 

A  special  feature  of  the  motor  sweeper  which  is  worthy 
of  mention  is  the  water  tank  and  atomizer.  In  sweeping 
operations  during  dry  weather  it  was  formerly  necessary 
to  water  the  streets  in  advance  of  the  machine.  By  the 
introduction  of  the  water-spraying  apparatus  on  the  motor 
sweeper  the  time  of  the  horse  and  man  with  the  watering 
cart  is  saved.  The  state  of  the  surface  of  the  streets  is 
frequently  sut-h  that  'smooth-paved  streets  require  water- 
ing, whereas  streets  laid  with  setts  do  not  need  damping. 
Under  these  conditions  the  atomizer  shows  to  advantage 
The  only  difficulty  experienced  with  the  spraying  appara- 
tus is  that  it  chokes  readily  with  glut,  or  fine  dust  or  grit, 
and  consequently  requires  constant  inspection  and  clean- 
ing. In  fact,  in  Glasgow,  and  some  other  places,  it  has 
been  necessary  to  increase  the  mesh  to  meet  this  objec- 
tion, at  the  sacrifice  of  extra  time  lost  in  filling  the  tank 
more  frequently. 

WORKING  COSTS  OF  MOTOR  SWEEPING  MACHINES  FOR  TEAR 
ENDED   MAY   31,    1916. 

Time — 

Working  days   1,S95 

.Actually  sweeping,   hours 14.S46 

Average  number   of  hours   sweeping   per   day 7. S3 
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Total  distance  traveled  to  and  from  sweeping  points S,330 

Mileage  swept,   total 89,393 

Mileage  swept  per  day.  average 47.17 

Mileage  swept  per  hour,  average 6.02 

Area   swept,    sq     yd.,   total 275, 814,951 

Area    swept,    sq.    yd.,    daily    average 145,530 

Area  swept,  sq.  yd.,  per  hour 18,578 

Motor  spirit — 

Total    quantity,    gal 9.811 

Total    cost     $2,846 

Miles  per  gallon,  including  traveling 9.96 

Miles   per  gallon,    less   traveling 9.11 

Cost  per  mile,   including  traveling,   ct 2.8S 

Cost  per  mile,  less  traveling,  ct 3.14 

Drivers'  wages   $2,904 

Repairs,  cleaning  and  supervision 2.454 

Motor  spirits    2,847 

Oil,  grease  and   sundries 438 

Brushes,  including  cost  of  fitfing 3,853 

Tires,   upkeep  of    661 

1  nsu  ranee    372 

Depreciation  (20  per  cent  per  annum) 3,364 

$ 

Cost  per  1.000  sq.  j'd.  swept,  int'ludins  repairs,  ct 6.1 

Cost  of  brushes  per  1.000  sq.  yd  .  swept,  including  repairs,  ct.  1.42 

Saving  compared   with   horse-drawn    machine $6,420 

Another  advantage  of  considerable  value  to  be  obtained 
from  the  use  of  motor  sweeping  machines  may  be  men- 
tioned here.  It  is  the  working  of  these  machines  in  double 
shifts.  In  large  towns,  where  much  sweeping  falls  to 
be  done,  and  traffic  and  other  conditions  permit  of  its 
being  partly  performed  during  the  day,  the  saving  to  be 
effected  is  too  obvious  to  require  further  comment.  That 
is,  of  course,  provided  always  that  day  cleansing  is  ap- 
proved. 

The  amount  of  sweeping  done  by  a  horse-drawn  machine 
in  Gla.sgow  is  approximately  17  miles  of  track.  In  Eng- 
lish towns  this  length  is  generally  given  as  about  12  miles. 

To  get  the  best  work  out  of  a  motor  sweeping  machine 
it  should  be  worked  on  long  stretches,  with  as  few  turns 
as  possible.  This  entails  the  working  in  teams  of  three 
or  four  machines,  according  to  the  width  of  streets  to  be 
swept,  in  order  to  allow  the  work  of  gathering  and  re- 
moval to  proceed  expeditiously.  Another  advantage  is  an 
appreciable  saving  in  front  tires.  The  turnings  are  in- 
variably in  the  shortest  radius,  and  when  frequent  the 
grinding  action  is  very  detrimental  to  the  tires. 

It  is  essential  that  the  mechanical  parts  of  the  machine 
should  be  kept  in  the  best  of  order.  An  annual  overhaul, 
even  if  no  fault  discloses  itself,  is  to  be  recommended. 
There  also  should  be  at  least  one  spare  machine  in  a  fleet 
of  ten  to  twelve  machines. 

The  drivers  should  be  selected  with  the  greatest  dis- 
crimination with  regard  to  skill  and  care  and  interest  in 
their  work.  During  war  time  this  is  difficult — in  fact,  im- 
possible— and  in  Glasgow  the  results  are  reflected  in  the 
loss  of  working  days  and  the  repairs  bill.  An  alert  and 
intelligent  foreman  can  assist  the  work  of  exercising  close 
supervision,  planning  of  work  and  judgment  of  conditions 
from  night  to  night.  Weather  conditions  vary  greatly, 
thus  quickly  affecting  the  state  of  the  surface  of  the 
streets.  This  in  turn  determines  the  pressure  of  the  brush 
on  which,  to  a  large  extent,  the  petrol  consumption,  the 
life  of  the  brush,  and  other  wear  and  tear  of  the  machine 
depend.  A  careless  foreman  or  unobservant  driver  would 
negligently  keep  the  brush  at  the  same  pressure  on  the 
surface  of  a  street  that  is  hard  and  dry,  as  for  one  of  a 
pasty  nature.  Regulation  of  pressure  is  absolutely  neces- 
sary in  the  interests  of  economy. 


office  of  record,  which  compiles  and  tabulates  records  of 
tests  of  both  laboratories.  Table  I,  from  the  recently 
issued  annual  report  of  Mr.  H,  Eltinge  Breed,  First  Dep- 
uty Highway  Commissioner  in  charge  of  the  Department 
of  Construction,  shows  the  cost  per  sample  in  1915  of 
testing  the  different  kinds  and  classes  of  material. 


COST  OF  TESTING  ROAD  MATERIALS. 

The  Bureau  of  Tests  of  the  State  Highway  Department 
of  New  York  is  divided  into  three  divisions:  a  physical 
testing  laboratory,  which  makes  all  field  examinations, 
surveys  and  laboratory  tests  of  stone,  gravel,  slag,  ce- 
ment, sand  and  concrete;  a  chemical  laboratory,  which 
samples  all  asphalts,  tars,  paints,  oils,  brick,  etc.,  and  an 


MAINTENANCE  COST  OF  BITUMINOUS  MACAD- 
AM AND  BITUMINOUS  CONCRETE  AT 
PORTLAND,  ME. 

Several  sections  of  the  state  highway  system  of  Maine 
lie  within  the  city  limits  of  Portland.  These  sections  are 
maintained  by  the  city.  In  the  recently  issued  annual 
report  of  Bion  Bradbury,  Jr.,  Commissioner  of  Public 
Works,  the  accompanying  data  on  this  work  are  given. 
The  first  section  was  constructed  in  1908  on  Danforth 
and  Vaughan  Sts.,  between  St.  John  and  Bowdoin  Sts. 
This  was  a  bituminous  macadam,  having  a  total  length 
of  2,879  lin.  ft.  The  total  area  was  8,657  sq.  yd.,  and  the 
total  cost  was  $9,746,  or  $1.13  per  sq.  yd.  Section  2,  cov- 
ering 2,687  lin.  ft.  of  Vaughan  St.,  between  Bowdoin  and 
Congress  Sts.,  was  laid  in  1909.  The  total  area  is  8,807 
sq.  yd.,  and  the  total  cost  was  $9,068,  or  $1.03  per  sq.  yd. 
This  section  is  bituminous  concrete.  Section  3  also  is 
bituminous,  concrete.  It  covers  1,702  lin.  ft.  of  Cumber- 
land Ave.,  between  High  and  Elm  Sts.  The  total  yardage 
is  6,398  and  the  total  cost  was  $8,405,  or  $1.31  per  sq.  yd. 
The  cost  of  maintaining  these  sections  has  been  as  fol- 
lows: 

SECTION  1.— BITUMINOUS  MACADAM. 

Main- 
Surface       Total  main-    tenance 
Date.  Repairs.  treatment.         tenance.     per  sq.  vd. 

1909    $      90.00  $      90.00  $0.0104 

1910    293.12  $306.88  600.00  0.0691 

1911     69.50                   246.04                   315.54  0.0363 

1912    72.38                  157.77                  230.15  0.0266 

1913    95.76                    96.96                  192.72  0.0223 

1914    98.13                  100.58                  198.71  0.0229 

1915    60.87                  126.90                  187.77  0.0217 

SECTION  2.— BITUMINOUS   CONCRETE. 

1910     $    332.67  $    332.67  $0.0378 

1311    99.86  $406.75  506.61  0.0575 

1912    1,340.54  66.35  1.406.89  0.1597 

1913     1,055.03  37.31  1,092.34  0.1240 

1914    98.02                  152.07                  250.09  0.0284 

1915    50.40                  208.49                  258.89  0.0294 

SECTION  3.— BITUMINOUS  CONCRETE. 

1911    $    104.98                $447.28            $    552.26  $0.0863 

1912  449.38                449.38  0.0702 

1913  761.41                 761.41  0.1190 

1914  312.64  165.15  477.79  0.0747 

1915  292.78  113.51  406.29  0.0633 


NEW  YORK  STATE  ROAD  COSTS  IN  1915. 

During  1915  the  Commission  of  Highways  of  New  York 
State  placed  1,073  miles  of  road  under  contract.  Of  this 
total  381  miles  are  of  waterbound  macadam;  176  miles 
of  waterbound  macadam,  surface  treatment;  347  miles  of 
bituminous  macadam,  penetration  method;  2.2  miles  of 
bituminous  macadam,  mixed  method;  113  miles  of  cement 
concrete  pavement;  31  miles  of  brick,  and  23  miles  of 
all  other  types.  The  following  data  on  the  cost  of  con- 
struction for  the  different  types  of  pavement  are  taken 
from  the  recently  issued  report  of  H.  Eltinge  Breed,  First 
Deputy  Commissioner  in  charge  of  the  Department  of  Con- 
struction. The  figures  were  obtained  by  taking  those 
pavements  which  total  6  in.  in  thickness  and  were  in- 
cluded between  No.  1  and  No.  1025: 

WATERBOUND  MACADAM. 

Cost   per  square  yard  of  pavement  only $  0.648 

Cost  per  mile  of  16-26  ft.   highway lo  250 

The  cost  per  square  yard  was  obtained  from  434  values  and 
the  cost  per  mile  from  419  values. 

BITUMINOUS  MACADAM. 

Cost  per  square  yard  of  p.avement  only $  o  871 

Cost  per  mile  of  16-26  ft.   highway 12^970 

Both  of  these  items  were  obtained  from  the  average  of  134 
nighways. 


T.\BLE  I.— COST  OF  TESTI.NG  RO.A.D  MATERIAL,  BY  NEW  YORK    STATE  HIGHWAY  DEPARTMENT. 

, • ^              Brick.  Cement.        Concrete  cubes.     Sand  and  gravel.        Stone. 

1  "48  tests.               269  tests.  S67  tests.              1.444  tests.               973  tests.                 947  tests.  Field 

Distribution.          Cost                       Cost  Cost                        Cost                      Cost                        Cost  work      Miscel- 

,    .                                per  test.    Total,  per  test  Total,     per  test.     Total,  per  test.    T^tal.  per  test  Total,     per  test.     Total,  special.    lancous.       Totals 

Laborator>-  work...     $3.36     $5,872.00     $5.13     $1,380.00  $3.06     $2,649.78     $0.49     $    7i:;.!*l     $2.80     $2,728.09     $1.88     $1,781.34    $    600.00    $15  725  Oi 

.:''i  woil- Insp'ct'n       2.67       4.665.48 7.44       6,454.56     .....      .      .  .•   •;     --..^     •:■.•.■.••-•.;     ■••.••      $4,582.58    15,702!62 


Office  work. 


.80       1,394.54       2.57 


691.59 


.97 


840.95 


.30 


i:;n.l3       1.26       1.221.72 


.91 


864. SS    1.883.82        7.327.63 


Totals   $6.83  $11,932.02     $7.70     $2,071.59  »n. 47     $9,945.29     $0.79     $1,143.97     $4.06     $3,949.81     $2.79     $2,646.22    $4,582.58    $2,483.82    $38  755  30 

.Analyses,  oils  and  asphalts,  asphalt  blocks,  paints,  etc. 
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FIRST  CLASS  CONCRETE,  6  IN.  THICK. 

Cost  per  square  yard  of  pavement  only {  1.121 

Cost  per  mile  of  1(5-21;  ft.   highway 15,320 

Both   of   these   items   were   obtained   from   an   average  of  20 
highways. 

BRICK  PAVEMENT  ON  5-IN.  CONCRETE  FOUNDATION. 

Cost  per  square  yard   of  pavement  only $     2.015 

Cost  per  mile  of  lll-2i;  ft.  highway 25,750 

These  were  obtained  from  an  average  of  23  highways. 


NOTES  ON  THE  PRINCIPLES  GOVERNING  THE 

DESIGN   OF  THE   GRAVEL  AND   MACADAM 

HIGHWAYS  OF  THE  PHILIPPINE 

ISLANDS. 

Contributed    by   J.    L.    Harrison,    Acting   Supervising   Engineer,    Iloilo 

Iloilo,   P.  I. 

In  the  Philippine  Islands  the  first  step  in  the  improve- 
ment of  an  old  road,  or  in  the  construction  of  a  new  road, 
is  the  determination  of  its  justifiable  cost  as  computed 
on  the  basis  of  the  traffic  which  the  improved  road  is  ex- 
pected to  carry.  If  the  route  is  one  that  has  been  officially 
selected  for  impi-ovement  and  placed  on  the  regular  build- 
ing program,  the  annual  traffic  census  will  have  provided 
all  of  the  data  necessary.  If  not  on  the  regular  program, 
a  special  census  must  be  taken. 

If  the  work  contemplated  is  the  improvement  of  a  well- 
established  road,  the  taking  of  special  census  merely  in- 
volves counting  the  vehicles  and  pedestrians  which  pass 
carefully  selected  stations  along- the  route.     Of  course  an 
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under  given  conditions  becomes  pretty  well  established 
and  a  careful  estimate  of  its  amount  may  be  added  to 
the  local  census  as  a  lump  sum. 

If  proper  care  is  used  it  will  almost  always  be  found 
that  the  traffic  census  has  shown  considerably  less  traffic 
than  actually  passes  over  the  new  route.  This  is  per- 
fectly proper,  for  people  will  travel  oftener  and  farther 
over  good  roads  than  they  will  over  poor  roads.  This 
difference  in  the  volume  of  the  traffic  before  a  road  is 
improved  and  after  it  is  improved  is  pretty  constant  over 
fairly  large  areas,  and  when  established  by  a  number 
of  traffic  censuses,  may  be  relied  on.  Therefore,  in  com- 
puting the  justifiable  cost  of  an  improvement,  it  is  cus- 
tomary to  increase  the  figures  derived  from  the  census 
by  a  percentage  which  represents  the  increase  in  traffic 
that  has  been  observed  to  result  from  the  improvement 
of  other  roads  in  the  same  region.  The  justifiable 
cost   is  then   computed   by   substitution    in   the   formula, 

7.2  n  —  m 
C  = ,  in  which  n  equals  the  daily  average  num- 

0.04 
ber  of  vehicles  of  all  classes  passing  over  the  road,  m 
the  annual  maintenance  of  cost  per  kilometer  in  pesos, 
and  C  the  justifiable  cost  of  construction  per  kilometer, 
or  perhaps  more  accurately  the  calculated  value  of  the 
road  to  the  community.  No  extra  allowance  is  made  for 
automobiles  or  other  heavy  traffic,  as  all  roads  built  in 


Fig.     1 — Candelaria     Bridge     on     Candelaria-Tiaong     Road,    Torjabas     Piovince. 


entirely  erroneous  impression  as  to  the  volume  of  the 
traffic  can  be  secured  either  by  selecting  stations  so  near 
to  the  towns  that  the  traffic  is  largely  local,  or  by  select- 
ing stations  so  far  from  the  towns  that  no  local  traffic 
is  included.  Moreover,  both  daily  and  seasonal  variations 
in  traffic  density  must  be  allowed  for.  An  engineer  who 
appreciates  the  problem  will  find  no  difficulty  in  obtain- 
ing satisfactory  data,  but  carelessness  in  regard  to  the 
selection  of  stations  or  the  choice  of  improper  periods  for 
taking  the  census  will  usually  render  the  data  secured 
worse  than  valueless. 

Where  the  construction  of  a  road  over  an  entirely  new 
route  is  contemplated  the  problem  is  more  difficult. 
Usually  there  are  trails  near  the  new  route  and  more  or 
less  parallel  to  it.  These  must  be  investigated  and  their 
traffic  studied.  It  may  be  that  water  routes  are  now 
largely  used.  The  problem  then  becomes  one  of  deter- 
mining what  part  of  the  traffic  going  by  water  would  be 
likely  to  proceed  by  land.  Often  a  census  of  the  traffic 
using  a  water  route  will  show  a  considerable  percentage 
that  would  at  once  turn  to  an  improved  land  route. 

When  the  proposed  work  will  not  only  improve  an  ex- 
isting traffic  route,  but  will  also  connect  two  previously 
improved  highways,  thus  opening  an  improved  route  be- 
tween important  cities,  the  problem  becomes  still  more 
complicated,  for  there  is  no  relation  at  all  between  the 
traffic  originating  along  a  section  of  improved  road  and 
the  extra  traffic  that  will  pass  over  it  if  it  becomes  a  link 
in  a  through  route.  However,  as  a  road  system  develops 
the   amount   of  through   traffic   which  may   be   expected 


the  past  have  been  cart  roads  and,  except  in  a  few  in- 
stances, trucks  have  form.ed  only  a  small  part  of  the 
traffic.  It  is  not  assumed  that  the  cost  of  a  road  will  equal 
its  calculated  value,  but  an  effort  is  made  to  undertake 
no  work  which  will  cost  more  than  the  calculated  value. 

The  next  step  is  the  survey.  As  in  other  parts  of  the 
world  so  here,  the  object  of  the  survey  is  to  secure  data 
in  regard  to  the  country  traversed,  the  nature  of  the  soil, 
the  drainage,  the  obstacles  to  be  encountered,  the  prop- 
erty rights  to  be  adjusted,  etc.  The  road  surveys  required 
in  the  Philippine  Islands  are  not  as  extensive  as  the  road 
surveys  requii-ed  by  some  of  the  States  Highway  Depart- 
ments, largely  for  the  reason  that  embarrassing  claims 
for  damages  are  seldom  entered  by  abutting  land  ovraers, 
but  plan  and  profile  follow  much  the  same  lines  that 
are  laid  down  by  the  better  State  Highway  Departments. 

If  the  traffic  census  has  justified  a  road,  and  the  survey 
has  been  completed,  the  next  step  is  to  determine  the 
exact  design  of  the  road,  and  the  question  of  drainage 
is  one  of  the  first  questions  which  must  be  considered. 
It  is  here  that  the  engineer  working  in  the  Philippine 
Islands  first  departs  from  what  might  be  called  stand- 
ard states  practice,  for  he  does  not  take  much  stock  in 
dry  subgrades  or  worry  much  about  whether  his  sur- 
facing sheds  water  like  a  duck's  back  or  like  a  sieve. 
Of  course  an  effort  is  made  to  carry  off  storm  water, 
where  this  is  possible,  and  to  drain  such  low  places  as 
can  be  drained  for  a  reasonable  cost,  but  all  engineers 
working  in  the  Philippine  Islands  are  confronted  by  the 
fact  that,  unless  an  undue  amount  is  spent  on  drainage, 
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most  low  areas  will  be  ponds  during  the  wet  season,  and 
that  many  of  them  will  be  ponds  in  spite  of  any  amount 
of  drainage.  Which  leads  to  the  remark  that  many  en- 
gineers seem  to  suppose  that  in  some  way  all  water  is 
to  be  kept  away  from  a  road.  One  still  reads  the  sol- 
emn declaration  that  a  road  crust  should  perform  the 
functions  of  a  roof,  though  every  engineer  who  has  stud- 
ied the  effect  of  wet  weather  on  road  subgrades  must 
know  that  the  amount  of  water  in  the  subgrade  is  not 
only  dependent  on  the  amount  of  water  which  falls  on 
the  road,  but  also  on  the  position  of  the  water  table  under 
the  road,  and  that  the  road  crust  has  exactly  as  much 
influence  in  determining  the  location  of  the  water  table 
as  has  the  rural  telephone  line  that  runs  along  the  edge 
of  the  right  of  way.  If,  after  a  rain,  the  water  table  is 
close  to  the  surface  of  the  ground  the  subgrade  will  be 


Fig.    2 — Hinigaran-lsabela    Road,    Occidental    Negros    Province. 

over  saturated  and  its  carrying  capacity  correspondingly 
reduced.  Yet  even  an  over-satui'ated  subgrade  will  carry 
a  considerable  load,  so  the  problem  of  carrying  ordinary 
loads  is  usually  more  satisfactorily  handled  by  adjust- 
ing the  thickness  of  the  metalling  to  give  a  satisfactory 
distribution  of  traffic  loads  than  by  trying  to  lower  the 
water  table. 

Nor  is  it  always  necessary  to  make  all  of  this  adjust- 
ment by  increasing  the  thickness  of  the  metalling.  Where 
it  is  known  that  a  water  table  at  or  above  the  surface 
of  the  ground  will  prevail  during  a  considerable  portion 
of  the  year  a  subgrade  elevated  well  above  the  high  water 
level  can  usually  be  employed.  It  must  not  be  forgot- 
ten, however,  that  if  a  subgrade  is  built  of  clay  or  loam, 
capillary  attraction  will  keep  it  wet  for  a  good  many  feet 
above  the  actual  water  table  and  that,  as  a  result,  high 
subgrades  do  not  always  give  the  stability  which  is  ex- 
pected of  them.  Thus,  because  the  soils  of  the  Philippine 
Island  favor  capillary  action,  the  present  tendency  in 
the  Philippine  Islands  is  to  cut  the  subgrade  to  a  mini- 
mum but  increase  the  depth  of  the  metalling  whereaver 
wet  ground  is  encountered.  • 

The  loads  carried  on  the  rural  roads  of  the  Philippine 
Islands  ai'e  comparatively  light,  and  are  usually  carried 
on  two-wheeled  carts.  These  carts,  with  their  loads, 
usually  weigh  about  a  ton.  The  law  regulates  the  width 
of  tire  to  a  minimum  of  2I2  in.  In  most  parts  of  the 
Islands  trucks  are  not  common  and  the  writer  believes 
that  the  low  cost  of  local  transportation,  coupled  with 
the  high  cost  of  imported  gasoline,  makes  it  unlikely  that 
trucks  will  become  a  very  large  factor  in  the  general  road 
design  of  this  country.  Still  there  are  a  few  provinces 
where  trucks  are  common  and  the  fact  that  the  number 
in  use  has  increased  rather  steadily  during  the  past  few 
years  leads  many  engineers  to  believe  that  trucks  will 
soon  become  as  large  a  factor  in  the  traffic  of  the  Philip- 
pine Islands  as  they  are  in  the  traffic  of  other  parts  of 
the  world. 

However  this  may  be,  most  of  the  roads  now  being 
built  are  cart  roads  and  their  design  presents  this  gen- 
eral problem:  Given  a  clay  or  loam  subgrade  that  will, 
in  all  probability,  be  saturated  during  most  of  the  rainy 
season  (generally  six  months  out  of  the  year)  and  that 
may  be  under  water  for  periods  of  a  week  or  more  each 
year,  what  thickness  of  metalling  will  be  needed  to  carry 
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1-ton  luaded  carts?  Upon  the  answer  to  this  question  de- 
pends the  success  of  all  road  building  operations. 

The  answer  is  almost  as  simple  as  the  problem  itself. 
Ordinary  saturated  soils  can  be  depended  on  to  carry 
safely  about  a  thousand  pounds  to  the  square  foot.  Even 
when  below  the  level  of  the  water  table,  if  they  have  been 
properly  compacted  by  rolling,  they  will  carry  this 
amount.  A  cart  weighing  a  ton  throws  1,000  lb.  of  load 
onto  each  wheel.  As  this  load  is  being  moved  over  a 
somewhat  uneven  sui'face  the  effect  on  the  metalling  par- 
takes more  of  the  nature  of  a  suddenly  applied  load  than 
of  a  dead  load.  Therefore  instead  of  a  dead  load  of  1,000 
lb.  per  wheel,  an  effective  load  of  2,000  lb.  per  wheel  must 
be  allowed  for. 

If  it  is  assumed  that  loads  are  transmitted  through 
the  metalling  at  an  angle  of  45°  from  the  point  of  ap- 
plication, the  load  transmitted  by  a  3-in.  tire  will  be  ap- 
plied on  an  area  of  about  150  sq.  in.  of  subgrade  when 
transmitted  through  6  in.  of  surfacing,  about  250  sq.  in. 
when  transmitted  through  an  8-in.  surfacing,  and  about 
390  sq.  in.  when  transmitted  through  a  10-in.  surfacing. 
From  this  it  is  clear  at  a  glance  that  the  ordinary  cart 
road,  if  it  is  expected  to  carry  1-ton  carts  and  must  be 
built  over  wet  ground,  should  have  a  surfacing  a  little 
over  8  in.  thick,  and  it  may  be  added  that  the  roads  of 
the  Philippine  Islands  which  have  8  in.  of  metalling  have 
stood  up  very  well  indeed,  even  where  the  subgrade  has 
been  wet  for  long  periods. 

Of  course,  where  a  well-drained  subgrade  can  be  de- 
pended on  6  in.  of  metalling  is  sufficient  and  over  sand 
4  in.  of  metalling  has  often  given  satisfaction.  On  the 
other  hand  places  ai'e  occasionally  found  where  even  10 
m.  of  metalling  is  none  too  much.  In  every  case  the  de- 
termining factor  is  the  sub-grade,  and  not  the  metalling. 

It  has  been  said,  and  this  point  should  be  remembered, 
that  the  roads  which  have  been  built  in  the  Philippine 
Islands  are  can  roads.  Heavy  truck  traffic  would  re- 
quire very  much  heavier  metalling  or  the  construction  of 
subgrades  that  could  be  depended  on  to  support  more 
weight  that  a  wet  Philippine  subgrade  will  support  when 
protected  by  an  ordinary  thickness  of  metalling.  Thus 
suppose  5-ton  trucks  (truck  and  load  8  tons)  had  to  be 
provided  for  under  the  above  assumptions.  A  5-ton  truck 
under  a  very  slight  overload  will  throw  3  tons  of  weight 
onto  each  of  the  rear  wheels.  Running  at  a  speed  of  10 
miles  an  hour,  not  an  uncommon  speed,  and  equipped 
with  steel  tires,  the  loads  delivered  to  the  metalling  by 


Fig. 


-IVIanlla  North   Road  at  Km.  50. 


Low  subgrades  are  used  even  in  the  rice  region.     During  at  least 
four  months  of  every  year  water  stands  in  these  rice  fields. 

such  a  machine  cannot  be  considered  as  simple  dead 
loads,  but  must  be  dealt  with  as  impact  loads.  This  is 
rather  an  e.\treme  assumption,  but  any  one  who  cares 
to  observe  the  "pound"  of  a  5-ton  truck  as  the  wheels 
drop  off  of  the  slight  projections  which  exist  on  the  sur- 
face of  every  gravel  or  macadam  road,  will  soon  con- 
clude that  even  though  it  should  ultimately  be  proved 
that  full  impact  loads  are  not  developed,  there  can  be 
,no  doubt  that  the  loads  actually  delivered  to  the  metalling 
partake  very  largely  of  the  nature  of  an  impact  load. 
This  being  the  case,  the  rear  wheels  of  a  5-ton  truck 
must  be  constantly  delivering  to  the  metalling,  not  3- 
ton  dead  levels,  but  blows  which  approach  12  tons.  If 
the  truck  is  traveling  over  a  6-in.  pavement,  the  sub- 
grade  must,  therefore,  be  receiving  shocks  that  reach  an 
intensity  of  well  over  10  tons  per  square  foot.     Now,  no 
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earth  or  clay  subgrade  will  stand  any  such  loads  as  this 
even  when  it  is  dry.  The  stone  in  the  road  crust  will  be 
driven  down  into  the  subgrade  and  the  surface  of  the 
road  will  begin  to  show  ruts,  though  the  stone  of  which 
the  crust  is  composed  shows  no  unusual  wear. 

To  carry  heavy  trucks  either  the  road  must  be  made 
very  deep  or  the  subgrade  kept  very  dry.  Because  of 
the  excessive  rainfall  of  the  Philippine  Islands,  the  latter 
method  cannot  be  followed  here.  Parenthetically  it  might 
be  remarked  that  much  of  the  trouble  which  has  been  en- 
countered in  building  rural  highways  in  the  United  States 
is  due  to  a  tendency  to  base  highway  design  on  the  car- 
rying capacity  of  dry  soils  and  to  overlook  the  fact  that 
no  matter  what  sort  of  a  road  crust  is  used,  a  protracted 
rain  will  soften  the  subgrade.  As  all  loads  are  actually 
carried  by  the  subgrade,  and  as  the  metalling  is  placed 
for  the  purpose  of  distributing  the  load  on  the  subgrade, 
and  protecting  the  subgrade  from  such  damage  as  would 
otherwise  be  caused  by  the  traffic,  this  tendency  to  base 
highway  design  on  the  maximum  instead  of  the  minimum 
strength  of  the  subgrade  has,  in  many  instances,  proved 
disastrous. 

The  proper  thickness  of  the  metalling  having  been  set- 
tled, there  remain  such  questions  as  width  of  metalling, 
width  of  shoulders,  slopes  to  ditches,  maximum  grade, 
minimum  radius  of  curvature,  etc.,  which  are  settled  by 
highway  engineers  in  the  Philippine  Islands  just  about  as 
they  are  settled  by  highway  engineers  in  other  parts  of  the 
world.  The  tendency  of  the  highway  engineers  working 
in  the  Philippine  Islands  is  rather  strongly  toward  the 
elimination  of  curves,  but  property  owners  in  the  United 
States  would,  in  all  probability,  be  so  much  less  liberal 
than  they  are  in  this  country  that  the  extensive  rectifica- 
tions of  alignment  that  have  been  undertaken  in  many 
parts  of  the  Philippine  Islands  would  there  lead  to  endless 
litigation  and  prohibitive  costs.  At  present  a  5  per  cent 
grade  is  nominally  the  maximum  allowed,  but  the  extra 
cost  of  construction  sometimes  makes  it  advisable  to  use 
steeper  grades.  Similarly  a  minimum  radius  of  curvature 
has  been  adopted,  and  a  definite  effort  is  made  to  keep 
above  this  minimum,  but  where  it  becomes  a  question  of  a 
shorter  radius  or  a  serious  increase  in  cost  the  minimum 
is  waived. 

One  often  reads  statements  to  the  effect  that  the  best 
stone  is  the  cheapest  in  the  long  run,  by  which  it  is  in- 
tended to  imply  that  for  road  metalling  the  hardest  and 
toughest  stone  available  should  always  be  used.  It  is  hard 
to  see  any  logical  basis  for  such  an  idea,  unless  it  be  that 
the  American  custom  of  building  roads  and  then  abandon- 
ing them  to  the  tender  mercies  of  traffic  and  weather  until 
they  have  been  so  nearly  destroyed  as  to  require  rebuild- 
ing, has  led  engineers  to  wish  for  a  stone  that  could  with- 
stand the  exigencies  of  severe  traffic  conditions  a  little 
longer  than  the  stone  commonly  used.  However  this  may 
be,  wherever  there  is  constant  and  efficient  caminero  main- 
tenance the  hardest  and  toughest  stone  is  not  always  the 
best  for  road  surfacing. 

In  the  first  place  the  cost  should  be  considered.  Engi- 
neers differ  as  to  what  the  actual  cost  of  a  road  really  is. 
This  difference  in  opinion  is  probably  due  to  different 
methods  of  financing  construction,  but  where  construction 
is  paid  for  out  of  current  revenues  derived  largely  from 
direct  taxation  there  can  be  little  question  that  the  true 
cost  is  the  "out  of  pocket"  cost  and  no  more.  Therefore 
in  the  Philippine  Islands  engineers  are  justified  in  their 
practice  of  adding  together  the  construction  cost,  the 
maintenance  cost  over  a  period  of  years,  and  the  cost  of 
such  resurfacing  as  will  probably  be  necessary  during  the 
period  under  consideration  and  calling  this  the  total  cost 
for  the  period  in  question.  When  this  is  done  it  will  fre- 
quently develop  that  the  hardest  stone  is  by  no  means  the 
cheapest. 

Moreover  even  when  the  hardest  stone  seems  to  be  the 
cheapest  it  is  not  always  the  proper  stone  to  use.  Recently 
the  writer  went  over  a  piece  of  road  now  six  years  old, 
that  is  surfaced  with  the  hardest  and  toughest  stone  that 
he  has  ever  seen.  On  the  city  streets  of  Iloilo  this  same 
stone  has  been  very  satisfactory,  but  on  this  country  road 
it  has  had  so  little  traffic  that  it  is  still  sharp  and  so  hard 


on  the  feet  of  unshod  animals  that  after  only  one  or  two 
trips  over  it,  they  must  be  sent  back  to  the  fields  until 
their  hoofs  grown  out  again.  Now,  a  softer  stone  might 
have  shown  a  slightly  higher  average  annual  cost  than 
this  stone  shows,  but  it  would  have  been  much  more  satis- 
factory to  everyone  using  the  road. 

Another  matter  to  be  considered  is  whether  a  stone  will 
provide  enough  binder  to  keep  the  road  smooth.  If  the 
rainfall  is  heavy  this  is  a  serious  question  on  light  traffic 
roads.  For  such  roads  it  is  much  better  to  use  a  fairly 
soft  gravel  than  it  is  to  use  a  hard  broken  stone.  In  other 
words,  a  gravel  or  macadam  road  must  wear  down  fast 
enough  to  provide  for  such  material  as  is  washed  or  blown 
from  the  surface  or  else  the  individual  stone  will  be  ex- 
posed and  torn  out  by  the  traffic  with  the  result  that  a 
rough  surface  is  produced  and  the  average  rate  of  deteri- 
oration greatly  increased. 

Another  matter  of  considerable  importance  is  the  ques- 
tion as  to  how  well  the  dust  from  a  stone  will  hold  water. 
Stones  high  in  free  quartz  make  poor  road  metalling  for 
roads  subjected  to  a  long  dry  season  because  the  stone 
dust  does  not  hold  enough  moisture  to  enable  it  to  retain 
its  binding  qualities.  On  the  other  hand,  where  a  road 
must  be  built  over  very  wet  ground  a  stone  high  in  quartz 
may  be  used  to  advantage.  Where  a  road  must  endure  an 
annual  dry  season,  the  selection  of  a  stone  which  produces 
a  dust  that  holds  moisture  well,  will  add  considerably  to 
the  life  of  the  metalling. 

These  points  having  been  settled,  the  design  of  the 
cross  section  of  a  road  is  a  comiparatively  simple  matter. 
The  actual  design  is  not  of  special  interest,  but  it  may  be 
worth  while  to  note  that  there  is  a  decided  tendency  to 
flatten  the  crown  of  all  gravel  and  macadam  roads  built 
in  the  Philippine  Islands.  By  so  doing  the  tendency  of  the 
traffic  to  follow  one  beaten  track  is  distinctly  lessened.  It 
used  to  be  supposed  that  flattening  the  crown  would  per- 
mit more  water  to  soak  through  the  metalling  into  the  sub- 
grade,  but  as  engineers  have  learned  that  their  subgrades 
were  saturated  in  any  case  the  prejudice  against  flat 
crowns  has  diminished. 

On  the  whole  the  design  of  the  highways  built  in  the 
Philippine  Islands  is  not  very  different  from  the  design  of 
the  highways  built  in  other  parts  of  the  world,  but  the 
heavy  rainfall  of  these  islands  has  forced  engineers  to 
face  the  fact  that  a  highway  is  essentially  a  means  of 
transmitting  heavy  loads  to  an  unstable  subgrade.  This 
has  led  to  an  effort  to  base  the  design  of  all  highways  on 
the  supporting  power  of  the  subgrade,  rather  than  on  the 
ease  of  traveling  over  these  highways.  It  is  felt  that  this 
effort  on  the  part  of  the  engineers  in  the  Philippine 
Islands  is  along  the  right  line  and  that  it  will  lead  to 
more  and  more  efficient  design.  When  engineers  working 
in  the  United  States  also  give  more  attention  to  the  sub- 
grade  and  to  the  proper  support  of  the  loads  which  their 
roads  must  carry,  it  is  thought  that  American  highway 
design  will  be  materially  improved  and  that  pavement  fail- 
ures will  be  less  frequent. 


ROAD  SUBSURFACE  DRAINAGE  IN  CLAY  CUT. 

An  interesting  method  of  providing  subdrainage  for 
a  road  constructed  through  a  clay  cut  was  described  by 
Mr.  Charles  J.  Bennett,  state  highway  commissioner  of 
Connecticut,  in  a  lecture  this  spring  in  the  Graduate 
Course  in  Highway  Engineering,  Columbia  University. 
The  road  was  constructed  in  Connecticut  on  what  is  known 
as  "Branford  Hill,"  where  a  heavy  cut  varying  from  6  to 
12  ft.  was  made  through  a  clay  soil  consisting  of  what  is 
known  in  that  section  as  "laminated"  clay,  that  is  clay 
deposited  in  layers  of  practically  uniform  thickness  sep- 
arated by  fine  sand  joints.  The  material  in  this  particular 
cut  was  so  hard  in  dry  weather  that  it  was  difficult  for 
men  to  remove  it  with  picks  and  it  resisted  the  action  of 
a  steam  shovel  materially.  During  heavy  summer  rains, 
the  material  became  saturated  and  muddy  and  the  road 
leading  to  the  steam  shovel  was  corduroyed  with  old  ties. 
Under  the  action  of  the  heavily  loaded  clay  wagons,  these 
ties  were  forced  into  the  wet  clay  subsoil  for  a  depth  of 
2  to  3  ft.    It  was  evident,  therefore,  that  some  radical  and 
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finished  means  of  providing  subsurface  drainage  was  nec- 
essary to  prevent  any  breaking  up  of  the  road  surface 
under  these  abnormal  conditions  and  the  following  method 
was  employed : 

Two  side  ditches  were  excavated  at  the  foot  of  slopes 
in  the  cut  to  a  depth  of  3  ft.  below  the  finished  road  grade. 
On  the  down  hill  side,  a  6-in.  tile  was  placed  in  the  bot- 
tom of  this  ditch,  and  on  the  up-hill  side,  a  tile  sufficient 
to  take,  not  only  the  subsurface  water  but  also  the  sur- 
face water  which  fell  on  the  surrounding  country  and 
which  was  led  down  the  slopes  into  frequent  catch  basins. 
The  trenches  about  and  above  these  tile  were  filled  with 
broken  stone,  and  cross  drains  laid  herringbone  fashion 
were  installed  beneath  the  road  surface  at  approximately 
50-ft.  intervals.  On  top  of  this  drainage  system  was  con- 
structed a  6-in.  concrete  road.  It  is  stated  that  there  has 
been  absolutelv  no  trouble  from  subsurface  water. 


COST  OF  BITULITHIC  PAVEMENT  ON  A  ROAD 
NEAR  TACOMA,  WASH. 

A  2-in,  bitulithic  pavement  on  a  5-in.  concrete  (1:3:6) 
base  has  just  been  laid  between  Alderton  and  Orting, 
under  the  direction  of  Mr.  David  H.  White,  County  Engi- 
neer of  Pierce  County,  Tacoma,  Wash.  The  work  was 
done  by  contract,  Washington  Paving  Co.,  contractors,  at 
a  cost  of  $1,445  per  square  yard,  distributed  thus: 

Per  sq.  yd. 

Subsrade,   curl>  and  extras $0,234* 

Concrete  base   I O.l'OOt 

Bitulithic  top 0.6S6t 

Total    $1,520 

•On  .";2.949  sq.  yd.  of  IT-ft.  pavement.  tOn  4S,S7S  sq.  yd.  of  16-ft. 
pavement. 

The  paving  is  16  ft.  wide  and  cost  S14,390  per  mile  for 
5.33  miles,  inclusive  of  a  5-year  guarantee.  The  net 
price  of  cement  was  $1.90  per  barrel,  wages  of  common 
laborers  were  $2.50,  teams  $5  per  day  of  8  hours. 

The  quantities  of  material  in  the  2-in.  bitulithic  top 
were  approximately  as  follows: 

U.046  cu.  yd.  crushed  rock. 

0.024  cu.  yd.  sand. 

0.01     ton  bitulithic  cement. 

About  1,000  sq.  yds.  of  the  top  were  laid  per  day  of 
actual  working  time,  but  there  were  many  delays.  A  force 
rf  10  men,  1  superintendent  and  a  team  operated  the 
bitulithic,  screening,  heating  and  mixing  plant,  which 
was  a  1-car  asphalt  plant.  In  placing  the  bitulithic  top 
and  seal  coat  the  force  was  12  men,  a  foreman  and  a 
rollerman  on  a  10-ton  roller.  Hauling  the  top  material 
required  3  to  13  teams,  depending  on  length  of  haul,  the 
average  haul  being  1.35  miles. 


8.100.000  SQ.  YDS.  OF  CONCRETE  PAVEMENT. 

Figures  recently  furnished  by  the  Road  Bureau  of  the 
Portland  Cement  Association,  indicate  that  in  five  states 
contracts  have  so  far  been  awarded  this  year  for  1,000,000 
or  more  square  yards  of  concrete  pavement.  The  states 
and  figures  are  as  follows: 

Pq.  yd. 

Illinois    1.412,789 

Ohio    1.391,430 

Indiana    1.342,09.5 

New  York 1.150,304 

low:; 1.000,291 

Michigan,  Wisconsin,  California  and  Texas  are  mak- 
ing good  strides  toward  the  million  mark,  as  indicated 
by  the  following  figures,  although  it  should  be  mentioned 
that  the  records  of  California  were  not  complete  when 
totals  were  made  up. 

Sq.  yd. 

Michigan     606,113 

AVisconsin     546,203 

California     44S.T49 

Texas     530. 4T0 

It  is  interesting  to  know  that  most  of  the  yardage  in 
Iowa  is  for  city  streets,  while  the  greater  portion  of  the 
yardage  in  other  states  is  for  country  highways. 
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The  rocmac  was  3  in.  thick  and  was  placed  on  top  of  an 
old,  wornout  macadam  pavement.  On  one  of  the  streets 
there  was  a  12  per  cent  grade;  on  the  other  a  9.4  per  cent 
grade.  This  spring  the  work  was  covered  with  I4  gal. 
of  Tarvia  B  per  square  yard  and  sanded.  The  costs  were 
f.s  follows: 

M.MLE  STREET.  2.563  SQ.  YD. 

Per  sq.  yd. 

GradinB    $    279.86  $0,109 

Uucmac    1,861.49  .726 

Gutters    291.20  .113 

Tarvia  B  23.92  .009 

Total    $0,957 

GRADE  9.4  PER  CENT,  CHESTNUT  ST.,  590  SQ.  YD. 

Per  sq.  yd. 

Grading    $    107.90  $0,183 

Resetting  curb   279  76  .474 

Taking  out   tree V.96  .013 

Uocniac    306.38  .519 

Gutters 52.25  .088 

Total     $1,277 

The  prevailing  wages  for  common  labor  were  $2.25 
per  8-hour  day.  Teams  with  drivers  were  paid  for  at  the 
rate  of  $5.25  per  day. 


COST  OF  ROCMAC  AT  SPRINGFIELD,  MASS. 

During  the  late  fall  of  1915  the  city  of  Springfield, 
Mass.,  constructed  3,153  sq.  yd.  of  rocmac,  the  work  being 
done  by  city  forces  under  the  direction  of  F.  H.  Clark, 
Superintendent  Department  of  Streets  and  Engineering. 


STATE    RURAL   HIGHWAY    CONSTRUCTION  IN 
MINNESOTA. 

The  state  rural  highways  of  Minnesota  are  being  con- 
structed at  an  average  cost  of  $2,867  per  mile.    The  total 

cost  of  50  of  these  highways,  aggregating  1,133.9  miles, 
will  be  $3,254,032.  The  following  table  from  the  August 
Minnesota  Highway  Journal  shows  the  roads  completed 
and  under  construction  and  the  costs: 

S.  R.  H.  Total            Cost 

County —                      No.      Length.  Class.  cost.        per  mile. 

Vitkin lOA         20.1  Surfaced  $56,378.86  $2,805' 

\itkin    WB         19.0  "  56,112.67  2.953= 

Aitkin    70            64.0  "  212,859.82  3.326 

Beltrami   9.A.           5.5  "  14.868.24  2,713= 

Beltrami   9B         12.73  "  23,704.94  1.862= 

Beltrami   9C           6.5  "  '  15,833.70  2.436'  • 

Beltrami   and   Kooch     12            45.11  "  108.259.31  2,399" 

Beltrami  32             33.5  "  121.375.00  3.623 

Beltrami  62             34.81  "  149,083.11  4.283= 

Blue  Earth 27             11.3  Gravel  21.773.76  1.926» 

Brown    54             29.  "  57.378.17  1.979= 

Carlton    11             28.02  "  103,000.00  3,675 

Cass   45             22.59  Earth  62,842.60  2,781* 

Cass         80             71.7.  Surfaced  213,358.97  3,003* 

Cass    81             45.6D  '■  74,342.14  1.629* 

Cass  and  Hubbard..     82             29.50  "  88,021.75  2,933 

Cass             83             29.25  "  73,038.88  2.497= 

Hennepin   26               2.99  Concrete  51.341.20  17.272' 

Hubbard   9A           9.  Surtaced  5.393.71  599 

Hubbard  9B         46.87  "  74.667.15  1,593 

Hubbard  55             10.85  "  17,429.04  1,606' 

Koochiching    5            23.  Earth  32.114.46  1.396= 

Koochiching    9            75.1  ■  155,723.74  2.074= 

Koochiching   20            21.7  "  22,257.14  1.025= 

Koochiching   24            52.T7  •'  115,879.21  2.196= 

Lincoln    54             20.4  Gravel  41.570.65  2,038' 

Lvon           54            24.5  "  45.785.57  1.869= 

Nicollet     54             27.5  "  55,392.29  2,014 

Nicollet     57             12.5  "  30,656.26  2.445 

Pennington    14             21.  Gravel  47.439.88  2.259' 

Pine             43           .30.  Earth  63,819.96  2,127= 

Redwood    22              5.75  Gravel  7,982.24  1,388' 

Redwood    50              6.  "  11.475.04  1,913* 

Redwood    54             22.93  "  56.498.68  2,464* 

Redwood    74               S.  "  28,960.00  3,620* 

r.edwood    93            18.5  "  56.548.20  3.057* 

pt     Louis 4            32.5  "  148.095.44  4,556' 

Winona       1               6-86  Concrete  56.874.64  8,290' 

Winona     2              4.35  "  30,613.26  7,038' 

Winona    3               4.60  "  33.518.22  7,287' 

Winona     85            27.05  Brick  176,988.10  6,543* 

Macadam 

Winona     86            20.85  "  110,744.24  5,311* 

Winona     87              7.7  "  50,641.90  6.S76' 

Winona     88              7.02  Gravel  30,265.00  4,311' 

Winona     89              4.4  "  19.434.20  4.417* 

Winona    90              4.95  "  19,833.30  4.007 

Winona     95              6.  "  26,118.00  4.353* 

Winona     96            10.5  Gravel  51,172.00  4,873' 

Macadam 

Yellow  Medicine 36A         18.5  Gravel  54,500.00  2,946* 

Yellow  Medicine 36            31.  "  72,167.86  2,328' 

'Final    cost.      -Contract    price.      'Not    final.      'Estimated.      'Contract 
and  estimated. 


TEST  OF   CONCRETE   CUBES   BY   NEW   YORK 
STATE   HIGHWAY   DEPARTMENT. 

The  making  of  concrete  cubes  in  the  field  and  the  test- 
ing of  them  in  the  laboratory  has  proven  ver>-  valuable 
in  determining  more  accurately  the  quality  of  the  con- 
crete used  in  the  work  of  the  State  Highway  Department 
of  New  York.  According  to  the  recently  issued  report  of 
Mr.  H.  Eltinge  Breed,  First  Deputy  Highway  Commis- 
sioner, 1,444  of  these  cubes  were  tested  in  1915  by  the 
Bureau  of  Tests,  the  average  results  obtained  being  as 
follows : 


224 


Concrete   mix. 


1— 1',4— 3 

1 — 2% — 5  (crushed   stone). 

1— 2^— 5  (^avel)    

1—214—5  (all  cubes) 

1—3%— 4  1     ,         .,        ,      V 
J Z     iy^j    (mostly   slag). 


Average  com- 

pression, lb. 

No.   ot 

per  sq.  in. 

cubes. 

:!,620 

796 

1,935 

222 

1,7B5 

200 

1,875 

474 

2,140 
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Cubes  showing  compression  below  3,000  lb.  per  square 
inch  for  lilioiS  and  1,800  lb.  per  square  inch  for 
1 :2y2  :5  are  considered  below  the  desirable  grade.  There 
were"  25.8  per  cent  of  these  in  1914  and  10.95  per  cent  in 
1915.  All  cubes  showing  a  compression  below  this  de- 
sirable grade  are  carefully  inspected  to  try  to  deter- 
mine to  what  the  low  strength  is  due.  Any  of  them  which 
show  indications  of  carelessness  in  the  mix  are  returned 
to  the  division  office  with  laboratory  comments. 

The  following  is  a  tabulation  of  the  low  cubes  during 
1915  and  reasons  which  seem  to  cause  the  low  break,  with 
pei'centage  of  the  same: 

Cause  of  low  break.  Per  cent. 

Sand   dirty,   containing  loam   and  also  dirt   from  subgrade 35.4 

Stone    or    gravel    coated 35.0 

Sand  too  fine »•' 

Poor  quality  of  stone  or  gravel °-~ 

Poor  manipulation  in  making  cubes 4.  i 

Lack   of  proper  mixing 3.6 

Miscellaneous,  too  wet,  etc '■' 

All  concrete  cubes  have  heretofore  been  tested  28  days 
after  casting.  This  period  was  chosen  because  compara- 
tive data  was  available  on  compression  for  concrete  at  this 
age.  During  1915  enough  cubes  were  broken  at  an  age  of 
seven  days  to  give  sufficient  data  to  be  able  in  future  to 
judge  the  quality  of  the  material  when  broken  at  this  age. 
Testing  at  this  period  will  enable  the  department  to  cor- 
rect any  faulty  condition  more  promptly.  It  will  still  be 
necessary  to  test  occasional  28-day  cubes  as  a  check  on 
the  increase  in  strength. 


GROUT  MIXER. 

The  accompanying  illustration  shows  a  special  mixer 
that  has  been  developed  by  the  Hall-Holmes  Manufactur- 
ing Co.,  Jackson,  Mich.,  for  mixing  grout  and  other  slush 
mixtures,  for  use  in  brick  pavement  construction  and  for 
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ity  of  the  grout,  or  the  entire  contents  of  the  trough,  as 
he  may  desire. 

PERSONALS. 

Paul  K  Kressly  of  Inglewood,  Cal.,  has  been  appointed  City  E  i- 
gineer  of  Newport  Beach,  Cal. 

Nelson  F.  Tift,  formerly  Mayor  of  Albany,  Ga.,  has  been  appomt-  d 
Superintendent  of  the  Water,  Gas  and  Electric  Light  Departments  •( 
that  city. 

George  F.  V.'eighardt  has  been  appointed  assistant  water  engine  r 
of  the  city  of  Baltimore.  Md.  He  formerly  was  assistant  engine  r 
of  the   Pennsylvania   State   Water  Supply   Commission, 

R.  J.  Lockwood,  heretofore  vice-president  and  general  manager  of 
the  New  lljeria  &  Northern  R.  R..  has  been  appointed  vice-pre-sident 
and  general  manager  of  the  Apalachkola  Northern  R.  R.,  with  head- 
quarters at  Port  St.   Joe,  Fla. 

Adolph  G.   Carlson  has  been  appointed  Chief  Engineer  of  the  Un  - 
versal  Portland  Cemefnt  Co.     Mr.  Carlson  was  formerly  Assistant  Su- 
perintendent   of   the    Syracuse,    Ind..    plant    of   the    Sandusky   Portlan.l 
Cement  Co.     He  has  had  to  do  with   the  designing  of  No.   3,   4  and  B 
mills  of  the  Universal  Portland  Cement  Co.  at  Buffington,  Ind,.  and  No. 
5    mill    at   Pittsburah    and    No.    7   mill    at   Duluth,      He   was  appointed 
Mechanical   Engineer   in   1907.      M,      S,    Humphreys,   formerly   Superin- 
tendent. Mill  No,   6.  Buffington   (Ind.)  plant  of  the  Universal  Portlani 
Cement    Co..    has    been    appointed    Assistant    Mechanical    EngineOT   a 
the  General  Offices  in  Chicago,     Nels  Nelson,  formerly  Superintendent 
Mill  No.   2.   at  South   Chicago,   which   plant  has  been  dismantled,   haf 
been    appointed    Superintendent    Mill    No,    6,    Buffington    (Ind.)    plant 
J,    H.    Lendi    has    been    appointed   Electrical   Engineer   at    the   General 
Offices  in  Chicago,     Mr.   L«ndi  has  been  connected  with   the  company 
for  several    years   in   the    Engineering   Department,      A,    C.    Wilby  has 
been  aopointed  Assistant  to  President,  having  been  assigned  to  thos& 
dutie'S  "in    April,    1915,    after    seven    years    connection    with    the    Sales 
Department  of  the  company,  first  as  salesman,  later  as  Division  Sales 
Manager, 

OBITUARY. 

Authonv  Walsh  of  Davenport,  la.,  died  Aug,  27  in  San  Francisc  •. 
Cal.,  aged'  S3  years.  Mr.  Walsh  and  his  sons  built  the  Rock  Islai  T 
Southern    R,    R,    in    Iowa. 

August  Johnson,  street  commissioner  of  Fargo,  N,  Dak.,  for  t 
years,  was  caught  under  a  concrete  mixer  and  crushed  to  death, 

Emil  Herta,  for  30  years  Thomas  A.  Edison's  chief  mechanical  en- 
gineer at  the  West  Orange  plant,  who  had  worked  on  many  of  Edi- 
son's important  inventions,  died  Aug,  23  at  Orange,  X,  J,  He  was 
59  years  old. 

INDUSTRIAL   NOTES. 

The  Lynchburg  Foundry  Co..  Lynchburg.  Va..  manufacturers  o' 
cast  iron  pipe  and  fittings,  has  opened  an  export  office  at  90  Wall 
St.,   N.  T. 

The  Chicago  Bridge  &  Iron  Works,  Chicago,  111,,  has  recently  oi  - 
ened  an  office  in  Jacksonville.  Fla,,  in  the  Florida  Life  Bldg,,  ir» 
charge  of  Mr.  Elwood  G,  Ladd.  This  office  will  handle  the  sales  in  tl  & 
states    of   Georgia,    Florida   and    Alabama, 


Special     Mixer    for    Mixing    Grout    and    Other    Slush    Mixtures. 


top  mixture  for  concrete  pavements,  sidewalks,  etc.  The 
mixer  is  equipped  with  a  2V2-H.P.  gasoline  engine  and  is 
mounted  on  steel  trucks  with  20-in.  wheels  in  front  and  30- 
in.  rear.  The  mixing  paddles  are  of  crucible  steel.  The 
charging  hopper  has  two  compartments,  one  for  sand  and 
one  for  cement  and  the  contents  are  discharged  into  the 
mixing  trough  by  pulling  a  lever.  The  gate  at  the  dis- 
charging end  permits  the  operator  to  pour  a  small  qual- 


The  American  Industrial  Commission  to  France,  organized  by  the 
American  Manufacturers'  Export  .Association,  sailed  on  Aug.  26.  The 
Commission,  of  which  William  W,  Nichols,  assistant  to  chairman  of 
the  Board  of  Directors  of  the  .\llis-Chalmers  Co,,  is  chairman,  wiir 
make  a  scientific  study  of  industrial  conditions.  Among  the  mernbers- 
of  the  Commission  are:  John  R,  MacArthur.  of  MacArthur  Brothers. 
General  Contractors,  of  New  York  City;  Dr,  C.  a  MaHloux.  Consult- 
ing Engineer,  New  York  City;  N.  F.  Hoggson.  President  of  Hoggsc«i. 
Brothers.  Inc..  Contractors,  New  York  City;  Ambrose  Swasey.  Presi- 
dent of  Warner  &  Swasev,  Cleveland,  O. ;  George  B.  Ford,  of  George 
B  Post  &  Sons,  Contractors,  New  York  City,  and  James  E,  bague. 
M,  Am.  Soc.  M,  E,.  Poughkeepsie,  N.  Y.,  former  Vice-President  of 
the  .-Vmerlcan  Locomotive  Co. 


Water  Works  and  Hydraulics  Issue 

of 

Engineering  and  Contracting 

Halbert  P.  Gillette,  President  and  Editor 


Volume  XLVr. 


CHICAGO,  ILL,,  SEPTEMBER  13,  1916. 


Number  11. 


WATER  REFINING. 

A  review  of  practice  in  deferrization  of  water  is  pub- 
lished on  another  page.  This  article,  in  addition  to  the 
specific  information  which  it  furnishes,  suggests  thought 
of  a  development  in  water  supply  for  potable  purposes 
which  is  particularly  the  product  of  the  present  century. 
This  development  may  be  called  water  refining.  Protec- 
tion of  sources  of  water  supply  from  pollution,  purifica- 
tion of  polluted  water  by  filtration  and  disinfection  are 
no  longer  adequate  to  produce  a  tolerable  water  sup- 
ply. Such  supply  to  meet  the  cultivated  requirements 
of  the  modern  water  user  must  be  refined.  One  easily 
fails  to  realize  the  number  of  refinements  called  for  and 
practiced  until  he  enumerates  them.  There  are  clarifica- 
tions, decolorization,  deodorization,  softening,  deferriza- 
tion. To  name  these  processes  is  sufficient  for  an  under- 
standing by  the  water  works  engineer.  Their  common 
characteristic  is  that  in  no  instance  is  the  process  one 
of  sanitation.  A  water  that  has  color  or  odor  or  is  hard 
may  be  absolutely  sanitary;  it  does  not,  however,  satisfy 
taste  and  comfort  and  hence  the  growing  demand  for  re- 
finement. 


VALUES  OF  KUTTERS'  N  FOR  DRAINAGE  DITCHES. 

There  are  illustrated  on  another  page  eight  views  of 
drainage  ditches.  The  reader  familiar  with  the  reclaimed 
land  areas  of  the  Mississippi  Valley  will  recognize  these 
views  as  typical.  The  modern  drainage  ditch  at  its  best 
is  never  the  clean  lined  trapizoid  depicted  in  the  engi- 
neer's blue  prints;  at  its  worst  it  is  a  rough  banked,  veg- 
etation choked,  irregular  waterway.  As  a  channel  for 
conveying  water  it  is  a  crude  affair.  The  interest  of  the 
ditches  illustrated,  however,  lies  in  the  fact  that  they  have 
been  measured  to  determine  the  values  they  gave  for  N 
in  Kutters'  formula.  The  value  of  this  factor  has  been 
determined  for  many  characters  and  conditions  of  chan- 
nel, but  its  determination  on  actual  drainage  ditches  has 
been  rare.   Herein  lies  the  interest  of  the  tests  described. 


CITY  WATER  SUPPLY  FOR  IRRIGATION. 

Comment  on  recent  editorials  advocating  the  develop- 
ment of  city  water  supply  for  irrigation  is  made  in  this 
issue  by  two  interested  writers.  Both  of  these  writers  see 
difficulties  in  the  way  of  such  an  improvement,  though 
the  one  from  Dayton,  Ohio,  recites  with  a  tone  of  justifi- 
able pride  the  fact  that  the  very  thing  advocated  by  our 
editorials  was  accomplished  in  that  city  during  the  drouth 
of  the  past  summer.  There  are  without  an  atom  of  doubt 
obstacles  to  be  overcome  and  ways  and  means  of  many 
sorts  to  be  devised  to  develop  profitable  supply  of  city 
water  for  irrigation.  But  none  of  these  obstacles  is  in- 
superable and  to  think  that  invention  of  successful  ways 
and  means  is  beyond  the  genius  of  water  works  manage- 
ment is  to  defame  common  sense. 

One  of  our  correspondents  in  this  issue  says  that  most 
of  the  water  supplies  with  which  he  has  been  identified 
"are  considered  very  precious."  They  are.  It  is  the  time- 
old  tradition  to  hold  city  water  a  treasure  to  be  conserved 
and  not  a  commodity  to  be  marketed  and  utilized.  Herein 
is  the  great  obstacle  to  be  overthrown  in  any  undertaking 
to  extend  the  use  of  city  water  for  irrigation.  Parenthet- 
ically, here,  the  remark  is  perhaps  justified  that  when 
water  surveys  have  been  undertaken  it  has  been  shown 
conclusively  that  water  has  seldom  been   held  too   pre- 


cious to  waste.  Any  development  of  city  water  for  irri- 
gation involves  measures  to  eliminate  waste  first  of  all. 
Let  us  consider  the  city  of  Chicago  as  we  have  in  previous 
editorials.  The  experts  who  have  studied  the  water  sup- 
ply of  this  city  assert  that  of  the  more  than  600,000,000 
gal.  pumped  daily  nearly  60  per  cent  is  wasted;  only  40 
per  cent  produces  revenue  though  that  revenue  is  $7,000,- 
000  gross  per  year  and  enough  to  meet  all  costs  without 
deficit.  Now  600  million  gallons  with  60  per  cent  waste 
is  360  million  gallons  wasted  per  24  hours,  and  this  is 
not  far  from  1,000  acre  feet  of  water.  The  irrigation  en- 
gineer knows  what  can  be  done  with  this  water  in  the 
way  of  irrigation  if  the  water  works  engineer  requires 
telling.  With  this  360  million  gallons  of  waste  water  util- 
ized, not  wasted,  what  becomes  of  any  claim  for  Chicago 
that  city  water  is  too  precious  to  use  for  irrigating  gar- 
dens and  lawns? 

Another  fear  that  the  water  works  manager  needs  to 
get  away  from  is  that  of  some  possible  precipitous  cloud 
reaching  peak  consumption.  We  know  of  few  arid  re- 
gions under  irrigation  where  the  land  is  irrigated  each 
day  or  where  all  the  land  taking  water  is  irrigated  the 
same  day.  Were  this  the  practice  there  are  many  irriga- 
tion works  which  would  soon  be  put  out  of  commission. 
At  many  irrigation  works  quite  intricate  systems  of  water 
allotment  and  distribution  are  managed  with  general  suc- 
cess. There  is  no  peak  load  in  the  sense  that  there  is  a 
peak  load  in  city  water  supply.  There  need  be  no  peak 
load  greatly  beyond  the  normal  in  supplying  city  water 
for  irrigation.  There  will  be  unusual  consumption  but  it 
need  not  come  as  a  peak. 

The  development  of  city  water  supply  for  irrigation 
involves  a  comprehensive  plan  of  service.  It  involves 
control  of  waste,  education  of  householders  to  the  advan- 
tages and  profit  of  gardens  and  lawns,  devising  a  system 
of  water  allotment  and  distribution  for  other  than  potable 
uses  and  co-ordinating  all  with  the  capacity  of  the  source 
of  supply  and  of  the  plant  available.  In  all  that  we  have 
said  of  the  development  being  discussed  we  have  not  for 
a  moment  thought  that  it  was  a  simple  problem — some- 
thing to  be  accomplished  merely  by  multiplying  plant  and 
declaring  unstinted  use  of  water.  We  do  maintain  that 
there  is  a  big  constructive  opportunity  in  the  development 
of  city  water  supply  for  irrigation. 


EDITORIAL  PARAGRAPHS. 

One  involuntarily  associates  wood  stave  water  pipe 
with  regions  west  of  the  Rocky  Mountains.  Many  New 
England  city  water  works  have  in  recent  years,  however, 
used  wood  pipe  to  an  extent  which  would  be  worthy  of 
exceptional  remark  were  the  greater  records  of  the  Pa- 
cific Coast  not  at  hand  for  comparison.  Incidentally 
bored  log  water  pipe  is  still  occasionally  being  unearthed 
in  old  New  England  towns  in  a  good  state  of  preservation 
after  being  buried  over  two  hundred  years. 


Typhoid  is  described  as  a  disease  of  defective  civiliza- 
tion. The  logic  is  plain.  Typhoid  results  from  defective 
sanitation  and  defective  sanitation  means  defective  civi- 
lization. 


In  so  far  as  typhoid  is  a  water  borne  disease  Mr.  George 
A.  Johnson  tells  us  the  figures  are  as  follows:  "Twenty 
millions  of  people  in  the  United  States  are  now  being  fur- 
nished with  filtered  water  at  a  cost  not  exceeding  $8,000,- 
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000,  or  40  ct.  per  capita,  per  year,  and  in  the  cities  hav- 
ing filtered  water  supplies  the  water-borne  typhoid  has 
been  practically  eliminated,  as  reliable  statistics  abun- 
dantly show.  Filtration  of  the  water  supplies  of  the  re- 
mainder of  the  urban  population  of  the  United  States 
would  cost  not  more  than  $11,500,000  per  year,  and  re- 
liable statistics  show  that  to  do  so  would,  at  the  very 
least,  save  30,000  typhoid  cases  and  3,000  deaths  each 
year,  equivalent  to  vital  capital  in  the  total  sum  of  $22,- 
500,000  annually,  or  twice  the  money  cost  of  prevention." 


The  number  of  organized  bodies  which  keep  a  watchful 
eye  over  the  waters  of  each  of  our  northern  states  is 
rarely  comprehended  by  the  average  water  user.  In  the 
last  report  of  the  Illinois  Water  Survey  the  director,  Mr. 
Edward  Barton,  lists  eighteen  organizations  besides  his 
own  which  exercise  a  more  or  less  watchful  supervision 
over  the  waters  and  water  supplies  of  the  state. 


The  water  bacteriologist  often  waxes  justly  indignant 
over  the  apathy  and  frequently  active  opposition  with 
which  the  general  public  receives  his  teachings.  These 
faults  are  not  always  confined  to  the  unscientific.  Profes- 
sor Sedgwick  is  fond  of  telling  the  story  of  Liebig,  who 
refused  to  look  through  a  microscope,  refused  to  believe 
that  one  could  learn  anything  by  the  use  of  a  microscope, 
cast  ridicule  on  this  manner  of  research  and  by  his  in- 
fluence delayed  the  development  of  the  germ  theory  for 
many  years.  And  Liebig  was  one  of  the  most  distin- 
guished scientists  of  the  nineteenth  century.  A  few  years 
ago  when  the  use  of  alum  in  water  purification  was  pro- 
posed very  many  men  of  scientific  training  vigorously  up- 
held the  newspapers  in  their  attack  on  drinking  "puck- 
ered" water. 


HOUSE    CONNECTIONS    AS    A    FACTOR    IN    IN- 
FILTRATION. 

To  the  Editors  I  In  your  issue  of  Aug.  9  I  note  par- 
ticularly the  article  contributed  by  Mr.  W.  W.  Dixon,  en- 
titled "House  Connections  as  a  Factor  in  Infiltration." 

The  proportion  of  ground-water  infiltration  into  sewers 
chargeable  to  house  drains,  as  they  are  usually  laid,  is 
so  great  that  I  have  found  it  wise  to  emphasize  this  fac- 
tor even  in  preliminary  reports  on  proposed  sewerage 
systems.  I  know  one  case  where  the  first  50  house  con- 
nections more  than  doubled  the  flow  of  ground-water  in 
a  system  of  sewers  covering  seven  miles  of  streets. 

In  my  preliminary  report  on  the  sewerage  of  South- 
ington,  Conn.,  I  said: 

Leakj-  house-drains  form  the  worst  menace  to  a  sewer  system  in 
■wet  territory.  They  are  built  from  time  to  time  as  needed — not  syn- 
chronously with  the  sewers — by  plumbers  good,  bad  and  indifferent. 
and  all  too  often  w-fthout  adequate  municipal-  control  of  design  and 
construction.  The  tightest  of  street  sewers  can  he  flooded  with 
ground-water  admitted  through  defective  house-drains,  and  defec- 
tive house-drains  are  much  more  common  than  good  ones.  Before  a 
single  connection  with  the  sewer  is  made,  the  Borough  should  enact 
drastic  ordinances  controlling  connection  witli  and  use  of  the  sewers: 
and  these  ordinances  should  be  enforced  to  the  letter  by  an  inspec- 
tor of  plumbing,  clothed  with  proper  authoritv,  competent,  incorrup- 
tible and  a  martinet  in  the  exercise  of  his  functions. 

I  believe  the  collection  and  publication  of  data  on  this 
subject  would  help  greatly  in  the  adoption  and  enforce- 
ment of  ordinances  that  will  protect  municipal  sewer 
systems  from  floods  of  ground-water  that  they  should 
never  receive.         G.  Everett  Hill, 

Vice-President  and   Chief  Engineer. 

New  York,  N.  Y.  City  Water  Disposal  Co. 

Aug.  18,  1916. 


CITY  WATER  SUPPLY  FOR  IRRIGATION. 

To  the  Editors:  The  article  on  saving  city  water  in 
your  issue  of  Aug.  2,  does  not  apply  to  Dayton,  O.  We 
had  no  rainfall  at  all  during  the  latter  part  of  June  and 
the  first  30  days  of  July.  In  spite  of  this,  the  water 
works  handled  the  load  without  any  sign  of  shortage  or 
effort  to  limit  the  consumption. 

Dayton  has  the  direct  pumping  system  on  the  low  serv- 
ice, with  standpipes  on  the  high^pressure  lines  to  the 
hilltops.  Our  peak  load  last  month  climbed  to  seven 
times  our  night  rate.    We  make  a  fair  profit  on  all  water 


pumped  and  so  are  anxious  that  the  water  be  used. 
These  facts  were  advertised  to  the  people  through  the 
papers  with  the  suggestion  that  their  gardens  and  lawni 
be  kept  green  and  fresh.  Two  years  ago,  before  the 
water  works  system  was  overhauled,  the  water  officials 
had  to  secure  the  co-operation  of  the  papers  and  the  po- 
lice to  limit  the  sprinkling. 

Today  the  gardens,  flowers,  and  lawns  inside  the  city 
are  green,  while  those  where  water  is  not  available  are 
dry  and  parched.  Our  plant  has  been  built  with  regard 
to  future  growth.  It  is  capable  of  handling  a  confla- 
gration on  top  of  our  sprinkling  load.  A  good  part  of 
our  investment  has  already  been  made,  so  the  extra  load 
increases  the  returns.  Its  desirability,  however,  should 
be  seriously  considered. 

The  small  user  who  makes  our  peak  load  pays  8  ct.  a 
thousand  gallons.  Our  amount  of  pumping  is  12,000,000 
gal.  per  day,  with  a  maximum  day  of  21,000,000.  For 
argument  we  will  assume  that  a  sprinkling  campaign 
might  increase  our  maximum  day  4,000,000  gal.,  three 
of  which  would  be  pumped  between  5  and  8  in  the  eve- 
nings. This  would  mean  an  additional  peak  at  our  plant 
of  24,000,000,  which  would  increase  our  pumping  equip- 
ment and  man  requirement  by  50  per  cent  to  render  our 
present  high  type  of  service. 

As  the  drought  seldom  lasts  more  than  45  days  a  year, 
our  present  profit  would  be  swallowed  up  with  the  in- 
terest charges.  A  system  with  reservoirs  could  handle 
the  peak  much  better,  though  we  doubt  if  water  works 
peak  loads,  which  are  of  very  short  duration,  can  be 
compared  with  the  lighting  load  or  street  railway  load 
which  comes  every  day  in  the  year. 
Yours  very  truly, 

DIVISION  OF  WATER, 

Dayton.   Ohio,  H.  C.  Wight,  Supt. 

Aug.  18,  1916. 


To  the  Editors:  Referring  to  your  editorial  remarks 
on  city  water  supply  for  irrigation:  I  regret  to  say  that 
I  cannot  speak  with  confidence  concerning  the  proposi- 
tion on  account  of  lack  of  personal  knowledge  and  the 
fact  that  I  have  never  studied  agricultural  methods. 

Some  years  ago  a  gentleman  presented  an  irrigation 
proposition  for  Southern  New  Jersey  about  which  he  was 
very  enthusiastic.  He  proposed  to  raise  early  truck- 
and  have  the  time  of  ripening  of  his  garden  products 
under  absolute  control  by  irrigation.  After  giving  this 
matter  more  or  less  study,  I  came  to  the  conclusion  that 
the  rainfall  in  that  section  was  too  capricious,  and  that 
very  often  he  might  actually  do  harm  with  his  irrigation, 
while  the  cost  to  produce  it  would  be  more  than  the 
gain  in  products. 

In  order  to  test  this  out,  a  small  tract  of  say  one- 
quarter  to  one  acre  should  be  experimented  with  for  two 
or  three  seasons.  I  presume  that  has  been  done  in  a 
number  of  cases  and  the  results  constitute  the  basis  of 
your  conclusion. 

Most   of  the  water  supplies   with  which  I  have   been 
identified   are    considered    very    precious,    and     average 
prices  much  below  15  ct.  per  thousand  gallons  would  be 
prohibitory.     For  irrigation  purposes  such  prices  would 
probably  not  be  warranted.    Then,  again,  when  the  water    j 
is  needed  for  irrigation,  it  is  needed  very  badly  and  in    j 
copious  quantities.     Unless  a  water  company  goes  to  the    j  * 
expense   of  providing   large   storage  and  large  pipes,  it    • 
cannot  supply  such  peak  demands  with  financial  advan- 
tage. 

There  are  three  or  four  extremely  objectionable  fea- 
tures connected  with  water-works  distribution  systems: 
One  is  a  hydraulic  elevator;  another  is  a  railroad  water 
crane  (or  standpipe) ;  another  is  a  hopper  water-closet, 
and  the  worst  of  all  is  a  lawn  sprinkler,  and  intelligent 
water  works  managers  do  all  they  can  to  penalize  the 
use  of  these  devices. 

A  lawn  sprinkler  flows  at  the  rate  of  from  5,000  to 
20,000  gal.  per  day  when  running,  or  say  an  average  of 
10,000  gals.,  so  it  would  take  only  100  of  them  to  dis- 
charge at  the  rate  of  1,000,000  gals,  in  24  hours.     This 


September  13.  1916 
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is  a  serious  drain  on  the  water  system,  occuring  at  a  time 
when  the  water  company  needs  the  water  worst,  and  for 
such  a  small  percentage  of  the  year  that  the  revenue 
would  not  be  profitable.  Yours  truly, 

SIMPLEX  VALVE  AND  METER  CO., 

B.  J.  W.  Ledoux. 
Philadelphia,  Pa., 
Aug.  3.  1916. 


EVANSTON  INTERCEPTING  SEWER,  CHICAGO, 
ILL. 

Bids  were  opened  Aug.  31  by  the  Trustees  of  the  Sani- 
tary District  of  Chicago  for  Contract  No.  1  for  the  con- 
struction of  the  Evanston  intercepting  sewer.    This  sewer 
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bids  were  taken  on  concrete  and  on  brick  and  concrete. 
The  sections  of  this  size  as  proposed  for  construction  in 
Lake  St.  (5,106  ft.  in  length)  are  shown  in  Figs.  1  and  2. 
For  the  other  sizes  bids  were  received  on  brick,  concrete, 
segmental  blocks,  and  reinforced  concrete  pipe.  Sections 
for  the  6-ft.  sewer  for  Elmwood  Ave.,  3,677  ft.  in  length, 
are  shown  in  Figs.  3,  4  and  5. 

The  concrete  sewer  shown  in  Fig.  1  will  require  2.54  cu. 
yds.  of  concrete  per  lineal  foot.  The  reinforcement  is  to 
be  placed  as  ordered  by  the  engineer.  In  general  on  hard 
bottom  no  reinforcement  will  be  necessary,  but  on  soft 
bottom  the  invert  is  to  be  reinforced.  This  section  will 
require  about  11 '2  cu.  yd.  of  excavation  per  lineal  foot 
and  5.41  cu.  yd.  of  surplus  excavation.     The  average  cut 
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Fig.    1 — Concrete   Section. 

is  to  connect  existing  sewers  along  the  shore  of  Lake 
Michigan  in  the  city  of  Chicago  and  the  city  of  Evanston, 
with  the  North  Shore  Channel  of  the  Sanitary  District. 
The  contract  includes  the  building  of  the  following 
amount  of  sewers,  24-in.  or  larger  in  size: 
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Fig.  2 — Brick  and  Concrete  Section. 

for  the  work  in  Lake  St.  will  be  19  ft.  for  4,200  ft.  of  the 
sewer  and  25  ft.  for  906  ft.  The  concrete  will  be  a 
X-.l'^ri'A'^rz  mix.  These  proportions  also  will  be  used  for 
the  concrete  in  the  invert  of  the  combination  brick  and 
concrete  sewer  shown  in  Fig.  2.  The  specifications  for 
the  reinforced  concrete  pipe  sewers  call  for  the  use  of  a 
1:2:4  mix.  The  pipe  is  to  be  of  the  bell  and  spigot  type, 
made  in  sections  not  less  than  3  ft.  in  length.  The  shell 
thickness  is  to  be  as  follows: 


In  addition  there  will  be  several  thousand  feet  of  26-in. 
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Fig.   3 — Brick   Section. 


Fig.  4 — Reinforced  Concrete  Pipe  and  Segment  Block  Section. 


Fig. 


-Brick  Section. 


and  smaller  tile  pipe  sewer,  manholes,  outfalls,  crossings 
under  railroads,  etc. 

The  10-ft.  sewer  will  be  horseshoe  shaped,  and  the  re- 
maining sizes  will  be  circular.  Alternate  bids  were  asked 
on  different  types  of  construction.     For  the  10-ft.  sewer 


The  reinforcing  steel  must  be  not  less  than  ^4  in.  from 
the  inner  to  outer  surface  of  the  pipe  at  all  points.  A 
wire  fabric,  bar  or  rod  reinforcement  could  be  used.  It 
was  provided  that  the  circular  reinforcement  should  con- 
sist of  either  one  layer  placed  elliptically  in  the  shell  of 
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tjhe  pipe  with  the  major  axis  horizontal  when  the  pipe 
is  laid,  or  of  two  layers  concentric  with  and  placed  near 
the  inner  and  outer  surfaces  of  the  pipe.  The  cross  sec- 
tion of  elliptical  reinforcement  was  to  be  not  less  than 
0.4  of  1  per  cent  of  the  shell  area  in  the  longitudinal  sec- 
tion. The  pipe  was  to  be  bedded  in  1:3:6  concrete.  The 
specifications  called  for  the  use  of  the  interlocking  joint 
type  of  segmental  tile.  The  blocks,  preferably,  were  to 
make  up  two  courses  of  tile,  the  inner  and  outer  rings  in- 
terlocking and  breaking  all  joints.  A  single  ring  type 
with  approved  interlocking  joint  also  will  be  permitted. 
A  cradle  of  1:3:6  concrete  will  be  used. 

The  total  of  the  bids  received  on  Contract  No.  1,  all 
bidders  being  from  Chicago,  were  as  follows: 

Segmental  Reinforced 
Concrete.     Brick.       Bloclt.     Concrete. 

Pipe. 

Nash-Dowdle    Co ?841,631     $904,347     

Nash    Bros 868.51S       932,445     

Byrne   Bros.,   Dredging  &  En-  ^  _„„  ,  ._ 

gineering    Co 1,194,770   1.354,413     1,365,445     1,3S2,143 

The  unit  bidding  prices  (per  lineal  foot)  on  the  5,106 
lin.  ft.  or  10-ft.  sewer  in  Lake  St.  and  on  the  3,677  lin.  ft. 
of  6-ft.  sewer  in  Elmwood  Ave.  were  as  follows : 

Nash-Dowdle.  Nas-h  Bros.  Byrne  Bros. 

10  ft.  roncrete  sewer    $35.00  $35.25  $49.50 

10  ft.  brick  and  concrete  sewer 39.00  39,75  SO.OO 

6  ft,  concrete    sewer     17.00  17.50  2B.00 

6  ft.  brick    sewer    19.00  19.25  29.50 

6  ft,  segmenta'  block  sewer  29„2 

6  ft,  reinforced  concrete   pipe  sewer 31.00 

A  TIGHTENING  WEDGE  FILLER  FOR  CAST  IRON 
PIPE  JOINTS. 

Custom,  and  in  a  measure  perhaps  prejudice,  has  estab- 
lished a  standard  form  of  bell  and  spigot  joint  for  cast 
iron  pipe,  departure  from  which  is  not  easily  effected. 
This  joint  requires  such  an  amount  of  lead  for  calking 
that  anv  successful  means  for  reducing  its  volume  is  of 
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Tightening   Wedge   Filler  for  Cast   Iron   Ploe   Joints. 

concern  to  the  water  works  manager.  In  the  accompany- 
ing illustrations  is  shown  a  device  for  reducing  the  lead 
required  for  pipe  joints,  and  incidentally  for  increasing 
the  strength  of  such  joints.  The  section  shows  a  stand- 
ard joint  made  with  the  new  filler.  The  filling  is  started 
with  jute  in  the  usual  manner.  The  wedge  ring  is  then 
bent  around  the  spigot  and  pressed  into  the  joint.  A 
second  calking  with  a  small  amount  of  jute  follows  to 
force  the  wedge  ring  out  from  the  spigot  and  tight  against 
the  inside  of  the  bell.  The  final  step  is  pouring  the  lead 
in  the  usual  manner.  The  feature  of  this  joint  is  the  ring 
of  wedges,  a  section  of  which  is  shown  by  the  sketch. 
These  wedges  are  of  cast  iron,  cast  like  beads  into  a  steel 
wire.  The  wedges  are  cast  in  strings  of  different  lengths 
to  fit  joints  of  different  diameters.  The  advantages  of  the 
construction  described  are  a  saving  of  nearly  50  per  cent 
in  the  amount  of  lead  required  for  calking,  a  joint  which 
tightens  under  internal  pressure  or  when  the  pipe  deflects, 
a  more  rigid  joint  without  damaging  loss  of  flexibility,  a 
saving  of  labor  in  calking.  The  wedge  filler  is  made  by 
the  American  Cast  Iron  Pipe  Co.,  of  Birmingham,  Ala. 


FOUNDRY    REJECTIONS   OF    CAST    IRON    PIPE, 
HARTFORD,  CONN.,  WATER  WORKS.* 

During  the  past  four  years  the  Hartford  Water  De- 
partment has  purchased  16,750  tons  of  cast  iron  water 
pipe.  Of  this  10,886  tons  were  of  42-in.  pipe  and  5,864 
tons  of  pipe  varying  in  size  from  4  in.  to  24  in. 

Inspection  is  paid  for  at  a  rate  per  ton  of  pipe  actually 
inspected,  whether  or  not  accepted  on  the  order.     On  the 
smaller-sized  pipes  for  the  distribution  system,  the  max- 
imum rejection    is   61.9   per  cent,   and  the   minimum  3.2 
per  cent.     In  the  total  there  was  an  average  of  about  11 
per  cent  of  rejections;  or,  in  other  words,  for  every  ton 
of  pipe  accepted,  1.124  tons  were  inspected.     If  the  in- 
spection charge  was  25  ct.  per  ton,  this  would  mean  an 
actual  cost  of  about  28  ct.  per  ton  for  the  net  quantity 
purchased.    The  causes  of  these  rejections  are,  of  course, 
oftentimes    unavoidable,    but   probably   careless    foundry 
methods  are  responsible  for  a  large  part  of  this  trouble. 
Since   this   matter  has   been   in  my  mind,   I    have    been 
watching  the   reports   from   the   various  foundries  from 
which  we  have  purchased  pipe  and  I  find  that  there  is 
considerable  difference  in  the  amount  and  character  of 
the  rejections.    This  being  the  case,  the  conclusion  seems 
obvious  that,  as  stated  above,  carelessness,  lack  of  skilled 
help,  and  improper  iron  mixture  are  responsible,  in  part 
at  least,  for  a  large  number  of  rejections.     If  this  is  so, 
a  method  of  correction,  perhaps,  would  be  to  set  a  limit 
to  the  total  amount  of  rejections  that  would  be  allowed 
and   deduct   from  the   pipe   bill   the   amounts   of  the   in- 
spector's charge  in  excess  of  this  amount.     As  a  ques- 
tion for  discussion,  I  would  suggest  10  per  cent  as  the 
maximum   amount   of   rejections   to   be   paid   for   by  the 
purchaser,  amounts  in  excess  of  this  to  be  borne  by  the 
foundry.     An  alternative  of  this  suggestion  might  be  to 
allow  the  foundry  to  submit  only  such  pipe  as  they  choose 
for  inspection,  and  then  to  charge  against  the  foundry 
all  cost  of  inspection  in  excess  of,  say,  5  per  cent.     The 
reason  for  setting  10  per  cent  as  the  limit  was  reached 
after  study  of  the  percentages  from  the  several  foundries. 
It  was  found  that  about  3,000  tons,  or  45  per  cent  of  the 
total  inspection,  varying  in  sizes  from  4  to  20  in.  in  di- 
ameter, was  furnished  by  one  company.     Of  this  amount 
of  pipe,  75  per  cent  was  passed  with  7.5  per  cent  or  less 
rejections,  and  33  per  cent  with  less  than  5  per  cent  re- 
jections.    Some  such   action   as  this,  I  feel  sure,  would 
have  a  tendency  to  result  in  fewer  rejections  and  a  bet- 
ter class  of  pipe  in  the  foundries  where  the  present  per- 
centage of  rejection  is  quite  large.     Such  conditions,  as 
noted   above,   indicate  also  the   necessity  of  careful  in- 
spection   at  the   foundry,   whether   the   pipe   be   cast   on 
order  or  taken  from  the  stock  pile.     This   reference  to 
foundry    shortcomings    in    no   way    reflects    on    cast-iron 
pipe  itself,  which  I  believe  to  be  the  best  material  which 
has   been   proposed    thus    far    for    distributing    water. 
Neither  do  these  criticisms  apply  equally  to  all  foundries 
and  makers  of  cast-iron  pipes.     Every  foundry  can  turn 
out  first-class   products  if  so  desired.     Several  of  them 
are  ordinarily  supplying  such  a  high  grade  of  goods  that 
competent  purchasers  prefer  to  place  orders  with  them 
without   competition   when    specially    important   work   is 
to  be  undertaken. 

The  following  tabulation  applies  to  42-in.  pipes  pur- 
chased for  the  Nepaug  pipe  line.  Inspection  shows  that 
the  rejections  on  this  purchase  were  very  reasonable  in 
amount,  that  percentage  of  cut  pipe  was  not  excessive, 
and  the  variation  in  weight  was  within  the  limits  stated 
in  standard  specifications. 

straight  Specials. 

Pipe,  Tons,  Tons. 

Total    weight    inspected    12,049,27  109,9955 

Total  weight  paid   for    :, 10,SS5,SS  9S  1945 

Weight    reiected     1,163.39  11.8010 

ne.jection    of    total    cast 9,6%  l^iJ? 

Total    number   of    pipes   ,iccept(>d tit 

T.otal  number  of   pipes  rejected •'5- 

Per   cent    rejected    ^-^ 

•Excerpt  from  a  paper  by  C,  M.  Saville  in  Journal,  New  England 
Waterworks  Association,   June,   1916. 


September  13,  1916 
V  o  1.    X  L  \'  I.     X  o.    11 

DETERMINATION      OF     ROUGHNESS     COEFFI- 
CIENT    FOR    KUTTER'S    FORMULA     FOR 
DREDGED     DITCHES     IN     BOLIVAR 
COUNTY,  MISSISSIPPL* 

These  investigations  or  experiments  were  made  with  a 
view  to  determining  the  value  of  the  roughness  coefficient, 
n,  in  Kutter's  formula. 

Methods  Employed. — Chezy's  formula  is  generally  used 
for  the  determination  of  the  mean  velocity  of  flow  in  an 
open  channel;  it  is, 

V  =■  c  V  rs 
where  v  =  the  mean  velocity  of  flow  in  feet  per  second 
r  =  the  hydraulic  radius  in  feet 
s  =the   slope  -of  water   surface  =^  ratio   of   fall   to 

length 
c  =  a  coefficient  determined  by  experiment  or  com- 
puted by  Kutter's  formula,  which  is, 
1.811                     0.00281 
+41.65+ 


n 


0.00281 


1  + 


-41.65  +- 


where  n 


V  r  s 

an   empirical   coefficient,   its   value   depending 
upon  the  roughness  of  the  wetted  perimeter. 


•E^xtract  from  report  by  Charles  E.  Ramser,  Drainage  Engineer. 
Office  of  Public  Roads  and  Rural  Engineering.  U.  S.  Department  of 
.\griculture. 
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In  the  experimental  determination  of  the  value  of  n  in 
Kutter's  formula,  the  coefficient  c  is  first  obtained  from 
Chezy's  formula,  and  then  the  value  of  n  by  solving  Kut- 
ter's formula.  To  do  this  it  is  necessary  to  determine  r, 
s,  and  v  by  actual  field  measurements. 

For  the  determination  of  these  field  data,  a  straight 
and  practically  uniform  course  of  channel  was  selected 
on  each  of  the  canals,  in  such  a  location  that  no  surface 
water  entered  the  channel  along  this  course.  The  gaging 
station  for  measuring  the  discharge  was  located  some- 
where along  the  course. 

The  slope  of  the  water  surface  was  determined  by  mak- 
ing vertical  measurements  from  permanently  set  refer- 
ence points  to  the  surface  of  the  water.  These  reference 
points  were  placed  on  arms  extending  horizontally  from 
vertical  posts  set  firmly  in  the  ground  at  each  end  of 
the  course.  Variations  in  water  level  of  from  3  to  4  ft. 
could  be  measured  from  each  post  and  a  sufficient  number 
of  posts  were  set  along  the  slope  of  the  bank  so  that  all 
fluctuation  in  water  surface  could  be  measured.  The  ele- 
vations of  the  points  on  the  arms  of  the  posts  were  de- 
termined accurately  with  a  level  and  were  checked  to 
within  about  .001  ft.  Vertical  measurements  from  the 
points  on  the  arm  to  the  water  surface  were  made  with  a 
simple  hook-gage  rod. 

Cross  sections  were  made  of  each  canal  with  an  engi- 
neer's level.  These  sections  were  plotted  and  the  areas 
and  wetted  perimeters  were  obtained  for  different  stages 
by  aid  of  a  planimeter  and  a  map  measurer.  The  hy- 
draulic radius  was  determined  from  these  data  for  each 


Vlew«  of  Dredged  Canal  Gaged  in  Determining  N  In  Kutter's  Formula. 
T-     riaping  station  and  course  of  slope  measurements,  Pecan  Bayou. 

II.  Showing  condition   of   Pecan  Bayou   just   below   slope   course. 

III.  Course    of   tlope   measurements,    E^ast   Bogue   Hasty. 

l> .    O.iging    station    and    course    of    slope    measurements.    West 
Bogue  Hasty. 


Views  of  Dredged  Canal  Gaged  in  Determining  N   In  Kutter's  Formula, 

V.  Sand   bar  at   mouth   of  lateral  ditch.   West   Bogue  Hasty. 

VI.  Gaging    station    and    course    of    slope    measurements,    Bogue 
Hasty. 

^^I.     Course  of  slope  mea.surements,  Bogue  Phalia. 
VIII.     Gaging  station,    Bogue   Phalia. 
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TABLE    I.— HYDRAULIC    ELEMENTS    AND    VALUER    OF   n    IN 

KfTTER'S  FORMULA.  BOGUE   PHALIA. 

Average  dimensions  of  channel:  Top  width,  92  ft.;  bottom  width,  44  ft.; 

depth,  IS  ft. 
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.000297       3.11  2.44 

.000159       4.61  2.12 

.000132       5.79  2.06 

.000118       6.65  2.06 

.000104       7.49  2.13 

.000127       7.67  2.49 
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.000195     10.00  3.24 

.000165     10.00  3.02 

regular  but  caving  badly;  banks  very  regular  for 
growth   in   channel. 
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section  and  the  mean  of  all  the  hydraulic  radii  was  taken 
as  the  mean  hydraulic  radius  for  the  course. 

The  mean  velocity,  v,  was  obtained  by  taking  the  mean 
of  the  velocities  as  found  at  each  section,  and  the  mean 
velocity  at  each  section  was  determined  by  dividing  the 
discharge  of  the  stream,  in  cubic  feet  per  second,  by  the 
area  of  the  section.  The  discharge  from  which  the  mean 
velocity  was  obtained  was  computed  from  measurements 
made  of  the  cross-sectional  area  and  of  the  velocity  at 
the  gaging  section.  The  method  employed  for  determin- 
ing the  velocity  and  the  discharge  was  similar  to  that 
described  in  the  foregoing  report  on  Run-off  Investiga- 
tions. 

Discharge  and  slope  measurements  of  the  streams  were 
made  for  several  different  stages  of  each  stream  and 
duplicate  measurements  were  made  of  the  same  when  the 
conditions  governing  the  slope  varied. 

Experiments  for  the  determination  of  the  value  of  n 
were  made  on  the  following  streams :  Bogue  Phalia, 
Bogue  Hasty,  West  Bogup  Hasty,  East  Bogue  Hasty  and 
Pecan  Bayou.  The  conditions  and  results  on  each  of 
these  streams  will  be  discussed  separately. 
Bogue  Phalia. 

Location  and  Description  of  Course. — The  conditions 
for  accurate  discharge  and  slope  measurements  on  this 
canal  were  ideal.  A  straight  course  of  practically  uni- 
form cross  section  was  selected  for  slope  measurements, 
about  a  half  mile  above  the  Y.  &  M.  V.  R.  R.  bridge,  2 
miles  from  Helm.  The  length  of  the  course  was  1,003  ft. 
The  gaging  station  was  located  near  the  lower  end  of  the 
course  and  the  velocity  measurements  were  made  from  a 
movable  car  suspended  from  a  steel  cable  which  was 
stretched  across  the  stream  at  right  angles  to  the  direc- 
tion of  flow  and  supported  by  upright  poles  on  either 
bank.     (See  Plates  VII  and  VIII.) 

Condition  of  Channel. — The  left  bank  of  Bogue  Phalia 
along  the  course  is  quite  regular,  while  the  right  bank 
is  caving  badly  and  is  only  fairly  regular.  The  channel 
for  low  stages  is  very  smooth  and  of  uniform  section. 
Very  little  vegetation  of  any  sort  was  found  in  the  chan- 
nel. The  soil  in  the  lower  part  of  the  channel  is  sandy. 
That  in  the  upper  part  is  a  clay  loam  of  close  textui-e  and 
is  quite  susceptible  to  caving,  particularly  when  wet. 

Slope  Measurements." — Nine  sets  of  simultaneous  slope 
and  discharge  measurements  were  made  at  stages  varying 
from  low  to  high.  The  slope  was  indeed  an  extremely 
variable  quantity.  No  two  measurements  of  slope  were 
found  to  be  the  same,  due  to  the  backwater  conditions. 
The  greatest  slope  was  found  for  the  lowest  stage  and 
the  others  varied  accordingly  to  the  effect  of  backwater 
at  the  time  that  measurements  were  made. 

Results. — The  principal  hydraulic  elements  of  the  canal 
and  the  values  of  c  and  n  obtained  therefrom  are  shown 
in  Table  I.  Very  little  variation  was  found  in  the  values 
of  c,  and  the  values  of  n  were  found  to  vary  from  .0222 
for  the  lowest  stage  to  .0313  for  the  highest.  As  would 
be  expected,  the  values  of  n  are  found  to  be  low  for  the 
lower  stages  where  the  channel  is  quite  smooth  and  uni- 
form in  section,  and  higher  for  the  higher  stages  where 
a  greater  resistance  is  offered  to  flow  by  the  rougher  and 
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T.VBLE   II.— HYDRAULIC   ELEMENTS  AND   VALUES  OF   n   IN 

KUTTEirS  FORMULA,  BOGUE  HASTY. 

Average   dimensions   of  channel:   Top   width,   56   ft.;   bottom   width,   35 

ft.;   depth.   8.6  ft. 
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135.00       1-5-15         2.55  38.1  .000152       1.85     0.67       74.8     39.9  .0382 

136.50       1-20-15       4.05  42.3  .000183       3.01     1.34     137.0     57.1  .0309 

138.05       2-25-15       5.60  47.2  .000119       4.08     1.32     209.0     59.8  .0318 

138.20       2-22-15       5.75  47.3  .000166       4.10     1.74     210.8     66.7  .0285 

140.25       2-23-15       7.80  53.3  .000169       5.30     2.07     314.0     69.2  .0290 

141.9.5       1-25-15       9.50  58.2  .000157       6.31     1.90     414.0     60.4  .0350 

142.73     12-26-14     10.30  58.5  .000217       6.73     2.08     450.0     54.3  .0396 

143.52       2-1-15       11.05  59.2  .000168       7.38     2.22     503.0     63.1  .0347 

144.10       2-3-15       11.65  59.6  .000135       7.64     1.95     537.0     60.8  .0366 

Note — left    ban!:    legular  and  ciuite    free    from    vegetation.  Right 

bank   'rrefnilar;    upper  part  covered   with  weeds  and   caving  badly. 

more  irregular  sides  of  the  channel.  On  the  whole,  this 
channel  can  be  said  to  be  in  excellent  shape,  a  fact  which 
is  substantiated  by  the  comparatively  low  values  of  n 
obtained. 

Bogue  Hasty. 

Location  and  Description  of  Course. — The  course  used 
for  slope  measurements  on  Bogue  Hasty  was  1,039  ft. 
long.  It  is  straight  and  fairly  uniform  and  no  water 
through  drain  tile  or  surface  ditches  enters  the  channel 
along  the  course.  It  is  located  just  above  the  highway 
bridge  about  3  miles  west  of  Shaw.  The  lower  end  of 
the  course  is  above  a  slight  bend  in  the  channel  and  about 
500  ft.  above  the  bridge.  The  gaging  station,  which  con- 
sisted of  a  suspension  foot  bridge  (75-ft.  span),  was 
placed  near  the  lower  end  of  the  course.  The  conditions 
for  both  slope  and  discharge  measurements  were  very 
good.     (See  Plate  VI.) 

Condition  of  Channel. — This  channel  was  not  found  to 
be  in  as  good  condition  as  that  of  Bogue  Phalia.  The 
right  bank  was  very  irregular  and  was  caving  badly. 
The  upper  part  was  covered  with  weeds  and  small  tree 
sprouts.  The  left  bank  was  very  regular  and  practically 
free  from  vegetation.  The  soil  in  the  upper  part  of  the 
channel  is  a  dark  silty  loam  and  in  the  lower  part  a  light 
yellow  clay.  It  is  sticky  when  wet  and  cracks  and  crurii- 
bles  when  dry. 

Slope  Measurements. — Nine  measurements  for  slope 
and  discharge  were  made  for  different  stages  of  the 
stream.  The  variations  of  slope  shown  in  Table  II  were 
due  to  the  effect  of  backwater. 

Results. — Table  II  shows  the  hydraulic  elements  and 
the  values  of  c  and  n  obtained  from  these  experiments. 
The  value  of  n  (.0382)  for  extreme  low  stage  is  the  high- 
est value  but  one  obtained  and  is  probably  due  to  the 
irregularities  in  the  bed  of  the  channel.  The  values  of  n 
obtained  for  measurements  2  to  5  inclusive  are  applicable 
to  the  lower  half  of  the  channel  and  they  agree  quite 
closely  with  those  obtained  for  Bogue  Phalia  at  bank 
full  stage,  the  conditions  of  smoothness  and  regularity 
of  the  channel  being  very  similar.  The  values  of  n  ob- 
tained for  the  upper  half  of  the  channel  are  considerably 
higher  than  for  the  lower  part.  The  very  irregular  and 
caving  right  bank  would  lead  one  to  expect  a  larger 
roughness  coefficient  for  bank  full  stage  than  for  the 
lower  half.  , 

West  Bogue  Hasty. 

Location  and  Description  of  Course. — For  slope  meas- 
urements on  this  canal  a  straight  course  757  ft.  long  of 
quite  uniform  cross  section  was  selected  north  of  the 
highway  bridge  about  1  mile  east  of  Litton.  Very  little 
water  enters  the  channel  along  this  course.  Stakes  for 
slope  measurements  for  the  upper  end  of  the  course  were 
located  about  50  ft.  above  the  entrance  of  a  lateral  sur- 
face ditch.  The  gagings  for  discharge  were  made  from 
a  suspension  foot  bridge  built  about  in  the  middle  of 
the  course.     (See  Plate  IV.) 

Condition  of  Channel. — The  collection  of  drift  by  the 
bridge  below  the  course,  and  sedimentary  deposits  as  a 
result  of  the  drift  and  the  entrance  of  a  lateral  ditch  just 
above   the   bridge    (see    Plate   V),    rendered   this   course 
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unsuitable  for  accurate  determinations  of  the  value  of  n. 
During  periods  of  no  flow  a  pond  of  stagnant  water  stands 
nearly  the  whole  length  of  the  course,  this  being  due  to 
the  sediment  deposited  near  th&  bridge.  The  banks  and 
bed  of  the  channel  are  quite  regular.  Some  weeds  were 
found  on  the  banks  of  the  channel.  The  soil  is  similar  to 
that  found  in  the  channel  of  Bogue  Hasty. 

Results. — Only  four  measurements  of  the  slope  were 
made.  The  values  of  n  obtained  for  these  measurements 
are  shown  in  Table  III.  All  values  are  high;  this  is 
attributed  to  the  effect  of  the  sedimentary  deposit  below 
which  impounded  considerable  water  during  low  stage. 
East  Bogue  Hasty. 

Location  and  Description  of  Course. — The  course  for 
slope  measurements  on  East  Bogue  Hasty  was  established 
about  2  miles  east  of  Litton,  above  the  highway  bridge. 
A  stretch  of  502  ft.  was  selected,  its  upper  end  being  just 
below  a  curve  in  the  channel  and  the  lower  end  just  above 
the  bridge  and  the  entrance  of  a  lateral  ditch.  The  dis- 
charge measurements  were  made  from  a  suspension  foot 
bridge  about  midway  of  the  course.  This  course  was 
rather  short  for  accurate  determinations  of  slope,  but  it 
was  the  straightest  stretch  of  uniform  section  that  could 
be  found  near  the  lower  end  of  the  canal.    (See  Plate  III.) 

Condition  of  Channel. — The  banks  and  in  some  places 
the  bed  of  the  channel  were  covered  with  weeds  and  weed 
stubble  and  the  banks  were  slightly  irregular.  Prac- 
tically no  caving  took  place  along  the  course,  which  fact 
was  due  no  doubt  to  the  vegetation  covering  the  banks. 
The  soil  is  a  dark-colored  clay  which  cracks  and  crum- 
bles when  dry. 

Results. — The  values  obtained  for  n  are  shown  in  Table 
III,  and  as  would  be  expected  from  the  condition  of  the 
channel  are  even  higher  than  those  found  for  bank-full 
stage  of  Bogue  Hasty.  Some  trouble  was  experienced 
during  the  measurements  due  to  drift  collected  at  the 
bridge  and  this  may  be  in  part  responsible  for  the  rather 
high  values  obtained  for  n. 

Pecan  Bayou. 

Location  and  Description  of  Course. — A  course  665  ft. 
long  was  used  for  slope  measurements  on  Pecan  Bayou, 
located  about  600  ft.  above  the  highway  bridge,  5  miles 
directly  south  from  Skene.  The  section  of  the  channel  at 
this  place  is  extremely  uniform  and  no  surface  water 
enters  along  the  course.  It  is  situated  between  two  bends 
in  the  channel.  A  suspension  foot  bridge  was  placed 
near  the  lower  end  of  the  course  for  gaging  purposes. 
(See  Plate  I.) 

Condition  of  Channel. — Conditions  on  Pecan  Bayou  are 
similar  to  those  described  for  West  Bogue  Hasty.  Much 
water  is  impounded  along  the  course  for  periods  of  no 
flow.  It  appears  that  material  was  deposited  in  the  chan- 
nel below  to  impound  water  for  the  purpose  of  fishing. 
(See  Plate  II.)  The  banks  of  the  channel  are  very  regu- 
lar. Some  weeds  were  found  in  the  channel,  but  not 
nearly  as  many  as  in  the  channel  of  East  Bogue  Hasty. 

TABL£  ni.— HYDRAULIC  ELEMENTS  AND  VALUES  OF  X  IX 

KUTTER'S  FORJIULA— PECAN  BATOU. 

Average  dimensions  of  channel:  Top  width,  24  ft.;  bottom  width,  11  ft  ■ 
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The  soil  is  quite  similar  to  that  in  the  channel  of  East 
Bogue  Hasty. 

Results. — The  slope  of  the  water  surface  was  found  to 
be  exceedingly  low;  much  less  than  the  grades  designated 
in  the  construction  of  the  canal.  This  is  due  no  doubt  to 
the  amount  of  sediment  deposited  in  the  channel  below 
and  along  the  couhse.  The  values  of  n  obtained  are 
shown  in  Table  III. 

Conclusions. 

From  the  foregoing  description  of  the  results  obtained 
and  the  conditions  existing  on  each  of  the  canals,  it  is 
apparent  that  the  most  dependable  data  were  obtained 
from  the  Bogue  Phalia  and  Bogue  Hasty  canals.  These 
results  show  that  values  of  n  between  .025  and  .030 
obtain  where  the  governing  conditions  and  general  char- 
acteristics are  similar  to  those  described  for  the  lower 
half  of  the  channel  of  Bogue  Phalia,  and  a  value  of  n  of 
about  .030  or  slightly  larger  for  channels  similar  to  the 
whole  channel  of  Bogue  Phalia  and  the  lower  part  of 
Bogue  Hasty.  However,  since  few  drainage  channels  are 
maintained  in  the  condition  that  exists  for  the  lower  part 
of  Bogue  Phalia,  it  does  not  seem  advisable  to  recommend 
a  value  for  n  less  than  .030  in  the  design  of  drainage 
channels  similar  to  the  ones  herein  described. 

The  other  values  obtained  for  the  whole  channel  of 
Bogue  Hasty,  Pecan  Bayou,  and  East  and  West  Bogue 
Hasty,  demonstrate  the  effect  of  the  conditions  described 
upon  the  value  of  n.  These  values  can  be  used  as  a 
guide  in  the  design  of  drainage  channels  where  like  con- 
ditions can  reasonably  be  expected  to  exist  due  to  the 
lack  of  maintenance  of  the  channels  or  to  the  caving  in  of 
the  banks.  These  data  ought  also  to  serve  a  useful  pur- 
pose in  estimating  the  discharge  of  old  channels  where 
like  conditions  prevail. 


GOPHER  DITCH  CONSTRUCTION. 

The  illustration  shows  a  gopher  ditch  construction 
on  the  lands  of  the  Santa  Ana  Sugar  Co.  in  Southern 
California.  This  is  a  type  of  ditch  of  which  many  miles 
have  been  constructed  for  sub-surface  drainage.  It  has 
the  advantage  over  open  ditches  that  no  land  is  taken 
from  cultivation  and  no  barrier  is  formed  to  free  travel 
for  agricultural  operations.  It  calls  for  less  investment 
than  tile  drains.  Its  disadvantage  is  the  possibility  of 
complete    closure    by   caving.      A    short    life    would   also 
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Gopher    Ditch    for    Land    Drainage. 

seem  to  be  natural,  but  it  is  stated  that  it  has  been  found 
that  gopher  ditches  will  give  service  from  5  to  14  years, 
depending  upon  the  character  of  the  ground. 

The  construction  of  gopher  ditches  requires  special 
machinery.  At  the  Santa  Ana  farms  the  outfit  comprised 
a  special  gopher  ditch  plow  and  three  Holt  caterpillar 
tractors  for  hauling  the  plow.  The  plow  is  the  special 
tool.  It  consists  of  a  strong  carriage,  which  rides  on  the 
surface  and  carries,  projecting  downward,  the  plow  prop- 
er, which  can  be  raised  and  lowered  by  suitable  mecha- 
nism. Attached  to  its  heavy  framework  is  a  single  knife- 
blade  beam,  thin  enough  to  avoid  any  great  disturbance 
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on  the  surface  of  the  soil,  yet  wide  enough  to  give  it 
strength  for  withstanding  the  terrific  strains  to  which  it 
is  subjected.  The  construction  of  this  part  of  the  tool  is 
very  similar  to  that  of  a  subsoiler.  At  the  point,  however, 
there  is  attached  a  torpedo-shaped  affair,  made  of  steel; 
this  is  the  gopher. 

In  operation,  the  gopher  is  run  down  4  ft.  below  the 
surface  of  the  ground  and  is  then  pulled  straight  forward. 
The  plow  used  by  the  Santa  Ana  Co.  had  a  gopher  8  in. 
across,  so  that  it  made  a  drain  ditch  8  in.  in  diameter.  The 
point  of  the  gopher  is  so  shaped  that,  as  it  is  forced 
through  the  ground,  it  spreads  the  dirt  evenly  to  all  sides 
of  it,  packing  it  tight  and  making  a  solid,  smooth-faced 
closed  ditch. 


SUGGESTED    MILK    OF    LIME    CURE    FOR    RED 
WATER,  MONTCLAIR,  N.  J.,  WATER  SUPPLY.* 

The  water  supply  of  the  city  of  Montclair  is  obtained 
from  the  Montclair  Water  Co.,  which  has  its  source  at 
the  Passaic  River  at  Little  Falls.  At  this  point  the  water 
of  the  Passaic  River  is  filtered  through  a  modern  mechan- 
ical filter  plant  using  sulfate  of  alumina  as  a  coagulant. 
The  water  is  then  sterilized  by  the  application  of  liquid 
chlorine,  and  pumped  to  the  distribution  system.  A  bal- 
ancing reservoir  is  maintained  at  Great  Notch,  but  very 
little  of  the  water  used  at  Montclair  actually  passes 
through  this  reservoir.  The  character  of  the  Montclair 
water,  as  derived  from  the  river,  is  what  may  be  termed 
soft,  with  an  appreciable  amount  of  free  carbonic  acid 
present.  As  delivered  to  the  city  of  Montclair,  after 
filtration,  it  is  low  in  the  carbonates  of  lime  and  mag- 
nesia, and  higher  in  free  carbonic  acid. 

Due  to  corrosion  in  the  house  pipes  this  water  at  the 
taps  is  discolored  so  as  to  be  objectionable.  It  is  rec- 
ommended that  the  corrosion  be  checked  by  reducing 
the  free  carbonic  acid  by  dosing  the  water  at  the  filter 
wells  with  milk  of  lime.     The  report  says: 

If  we  assume  that  the  average  amount  of  free  carbonic 
acid  in  the  filtered  water  will  be  no  higher  than  12  parts 
per  million,  then  the  lime  hydrate  required  to  neutralize 
it  will  average  2,625  lbs.  per  day  at  the  present  rate  of 
pumpage,  which  is  33,000,000  gal.  per  day. 

The  cost  of  2,653  lb.  of  lime  per  day  at  one-half  cent 
per  pound  will  be  $13.27.  This  will  amount  to  approxi- 
mately $5,000  per  year  for  chemicals. 

The  apparatus  by  which  lime  solution,  or  "milk  of 
lime,"  as  it  is  usually  termed,  is  applied,  consists  of  so- 
lution tanks  with  mechanical  agitators,  and  a  device  for 
applying  the  solution  proportionately  to  the  volume  of 
water  to  be  treated.  Such  an  apparatus  capable  of  treat- 
ing the  water  even  under  conditions  of  maximum  car- 
bonate content,  may  be  installed  for  about  $2,000. 

This  estimated  cost  does  not  include  a  new  building 
as  the  tanks  and  dosing  apparatus  may  readily  be  in- 
stalled in  the  present  chemical  house.  In  fact,  it  may 
be  found  possible  to  modify  the  equipment  now  used  for 
the  application  of  soda  ash,  so  that  it  may  be  used  for 
the  application  of  the  lime  solution.  The  only  additional 
cost  of  installation  may  then  be  safely  figured  at  $2,000. 
The  yearly  interest  and  reserve  for  depreciation  on  this 
sum  will  be  covered  by  10  per  cent  or  $200  per  year. 

The  installation  of  such  a  plant  should  add  very  lit- 
tle to  the  cost  of  operation  of  the  filter  plant.  There 
will  be  some  costs,  no  doubt,  but  they  would  be  easily 
covered  by  the  sum  of  $500  per  year. 

The  total  annual  cost,  therefore,  for  installing  and  op- 
erating a  plant  for  the  application  of  lime  hydrate  should 
not  exceed  $6,000  per  annum. 

The  total  population  served  is  about  400,000. 

The  quantity  of  water  filtered  annually  is  11,889,000,- 
000  gal. 

The  cost  per  capita  will,  therefore,  be  about  1.5  ct.  per 
annum,  or  about  50  ct.  per  1,000,000  gal. 

This  is  obviously  much  cheaper  than  any  local  remedy 
that  could  be  applied,  and  we  are  of  the  opinion  that  a 
fair  trial  of  lime  hydrate  over  a  sufficient  period  to  effect 

•From  report  by  Xirholas  S.  Hill  Jr.,  for  Montclair,   N.  J. 
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proper  adjustments  of  the  dosage,  and  to  admit  of  its 
effects  being  fully  developed  will  prove  its  expediency. 
The  lime  should  be  continuously  and  intelligently  ap- 
plied for  a  period  of  at  teast  one  year  before  pronouncing 
upon  its  efficacy  or  inefficacy. 


REMOVING    LEAD   CALKING   WITH   THE   BLOW 
PIPE. 

(Contributed.) 

The  removal  of  lead  calking  from  the  joints  of  cast 
iron  water  mains  has  always  been  a  serious  problem. 
When,  for  any  reason,  it  was  necessary  to  take  out  a  sec- 
tion for  repair,  or  to  insert  an  elbow,  tee,  or  fitting  in 
the  line,  old  methods  were  both  expensive  and  unsatisfac- 
tory, because  of  their  slowness  and  liability  to  injure  the 
pipe. 

With  hammer  and  chisel,  it  takes  a  man  a  day  to  a  day 
and  a  half  to  remove  the  lead,  with  the  constant  danger 
of  damage  to  the  pipe.  The  flame  of  the  Oxweld  weld- 
ing blowpipe  has  solved  this  problem.  The  photograph 
shows  an  operator  at  work  on  40-in.  mains.  The  lead 
was  melted  out  with  the  blowpipe  in  an  hour  and  a  half. 
A  small  tip  is  used  for  this  purpose  that  gets  right  in- 
side the  crevice  and  the  flame  is  confined  to  the  lead 
only,  without  affecting  the  pipe  in  any  way. 

Because  of  the  many  economies  it  makes  possible,  Ox- 
weld  welding  and  cutting  equipment  is  rapidly  becoming 
a  standard  part   of  the  tool  plant  of  progressive  water 


Removing     Lead     Calking    from    40. in.    Cast     Iron     Water    IVIaIn    With 
Oxweld   Welding    Blowpipe. 

works,  the  removal  of  lead  calking  being  only  one  of  the 
innumerable  uses  in  which  it  saves  time  and  money.  For 
machinery  repairs,  the  welding  blowpipe  is  well-nigh 
indispensable,  as  the  records  indicate  that  at  a  negligible 
cost  it  has  frequently  repaired  extensive  castings  and 
forgings,  which  often  would  have  taken  weeks  to  re- 
place. In  the  construction  of  pipe  line,  it  has  also  dem- 
onstrated its  usefulness  in  many  conclusive  tests,  since 
it  produces  an  ideal  joint,  as  permanent  as  the  pipe  it- 
self, at  a  saving  of  fully  25  per  cent  to  40  per  cent  over 
mechanical  couplings.  By  its  use  it  is  likewise  possible 
to  produce  tees  and  .fittings  of  the  most  complicated  na- 
ture in  record  time.  The  cost  of  a  welding  and  cutting 
outfit  is  not  high.  The  sources  of  supply  for  gases  are 
accessible  to  almost  every  city  and  any  intelligent  work- 
man may.  easily  be  taught  the  methods  of  operation. 


REMARKABLE    EFFICIENCY   TEST  OF   IMHOFF 
TANK. 

Contributed  by  H.   V.  Hinckiev.   Consulting  Civil  Engineer.  Oklahoma 

City,  Okla. 

The  writer  recently  tested  the  efficiency  of  an   18-ft.  | 
circular  Imhoff  tank,  21  ft.  8  in.  deep,  which  was  com-  < 
pleted  a  year  ago  at  Chelsea,  Okla.     The  percentage  of 
sedimentation  obtained  by  this  tank  is  so  high  that  some; 
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apology  seems  to  be  due  for  publishing  the  result — aver- 
age 98.4  per  cent. 

The  tank  is  of  reinforced  concrete  and  has  a  circular 
3-ft.  gas  chimney  and  sludge  slopes  of  I'j  vertical  to  1 
horizontal.  As  the  foreign  war  made  it  impossible  to 
secure  the  regular  Imhoff  tubes,  tin  funnels  were  made 
6x24  in.  (.capacity  235  cu.  in.)  set  into  glass  test  tubes 
ivx6  in.  The  splices  were  made  with  thin  bicycle  re- 
pair rubber  wound  around  the  joints  with  twine.  These- 
tubes  were  hung  on  a  shelf  5  ft.  high  and  depths  of  de- 
posit were  read  on  a  scale  held  alongside  the  test  tubes, 
the  round  bottoms  of  which  had  been  previously  filled 
with  plaster  of  paris.  The  following  results  were  ob- 
tained in  two  hours: 

Tube.                                            1             2             3  4  5             C 

Where    tr.ken     M.  H.  Iniet  Outfall  M.  H.  Inlet  Outfall 

Inches    In    tube 3  5/16       4V4  0  1/lG  4  4V4  01/lli 

AVet  sludge,   cu.    in 650  .S83  .012  .785  .883         .012 

Wet    sludge,    per    1,000 2.76  3.76  0.04  3.34  3.76  0.04 

Percent  lemavul   98.1         9S.G  98.4  9S.6  

Per  cent   in  effluent   1.9  1.4  1.6  1.4  

The  following  are  some  of  the  reasons  which  might 
be  accountable  for  the  remarkable  efficiency  of  this  tank: 

(1)  A  circular  Imhoff  gives  radial  dispersion  and  there- 
fore, in  my  opinion,  better  settling  results  than  the  rec- 
tangular Imhoff. 

(2)  Slopes  steeper  than  45  degrees  are  helpful  in  pre- 
serving the  non-septicity  of  the  tank,  but  would  hardly 
be  expected  to  increase  the  percentage  of  sedimentation. 

(3)  This  tank,  which  was  built  larger  than  would  gen- 
erally have  been  designed  for  1,300  people,  has  two-hour 
settlement  for  90,000  gal.  in  18  hours  while,  with  about 
70  connections,  the  flow  at  3  p.  m.  on  date  of  test  was 
15,000  gal.  per  24  hours.  Differently  stated,  the  present 
flow  has  an    18-hour  settlement. 

(4)  The  Sewer  Committee  reported  that  some  trouble 
had  been  experienced  in  suppressing  the  newspaper 
nuisance,  though  at  time  of  test  the  "censorship"  was 
believed  to  be  effective.  There  were  evidences  in  the 
test  tubes  that  the  nuisance  had  not  been  fully  abated 
and  the  excessive  percentage  of  wet  sludge  in  the  table 
of  results  points  to  this  nuisance  as  one  of  the  causes 
contributing  to  the  high  efliciency  percentages. 


COST  OF  LAYING  TILE  DRAIN  ON  TWO  JOBS. 

Contributed  by  H.  P..  Ferris,  Victoria.  B.  C. 

The  following  costs  cover  the  work  of  laying  300  ft.  of 
drains  of  the  design  and  cross-section  shown  by  the  at- 
tached Fig.  1.  All  excavation  in  sandy  loam  surcharged 
with  water  (not  quisksand).  The  ditch  required  close 
timbering  in  certain  places.  When  finished  the  drain  was 
of  the  attached  cross-section,  but  the  actual  excavation 
was  about  3'j  ft.  only,  as  a  slight  fill  covered  the  top. 
The  work  was  designed  to  be  permanent,  and  has  been  in 
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Figs.    1    and    2 — Sections    of   Tile    Drslns. 

continual  and  satisfactory  use  for  over  three  years.    The 
costs  follow: 

Labor—  Per  lin  ft. 

Foreman.    5    days    (g)    $3.00 $15.00  $0,050 

Labor.    174    hrs.    ®    $0.30 52.20  .174 

Material!? — 

Lumber  (2x12  cedar).  600  ft.  B.  M.  @  $18.00 10.80 

Ijravel,    25   cu.    vd.    n    $1.50 37.50 

T  mber  (bracing).  SOO  ft    B.  M.  (ffi  $12.00 9.60 

Tile  (4-ln.  farm).  900  lin.  ft.   @  $0.03 27.00 


.036 
.125 

.032 
.090 


$152.10  $0,507 

It  was  not  practicable  to  separate  the  cost  of  laying 
planks,  tile,  etc.  The  labor  (174  hr.)  represents  the  total 
time  on  this  work,  with  the  exception  of  earth  backfill, 


which  was  done  several  days  later  with  team  and  scraper. 
The  prices  for  materials  include  delivery  along  the  work. 
Figure  2.  shows  the  drain  construction  for  the  second 
job,  covering  1,900  ft.  of  drain.  The  costs  were  as  fol- 
lows : 

Labor —  Cost  per  ft. 

Foreman,    PS    hrs.    (g)    10c $36.80  $0,019 

L.aboi',    700    hrs.    ft    30c 210.00  .115 

Team,  12  hrs.   @   6oc 7.80  .004 

$254.60 
Materials — 

li'.UK.b   planks   (l.xS).   1.900  lin.   ft.   %   $8.00 S  15.20  .008 

Gravel.  160  cu.  yd.  @  $1.00 160.00  .084 

Straw,  11  bales 6.60  .003 

$181.80 

The  prices  for  materials  cover  cost  delivered  along  the 
line  of  the  work.  Cost  of  removing  surplus  earth  is  not 
included.  Excavation  was  in  stiff  clay,  and  the  work  was 
performed  in  wet  weather.  Good  foreman  and  average 
crew.  The  costs  of  excavation,  backfilling  with  gravel, 
etc.,  were  not  separated. 

Broken  stone  (30  cu.  yd.)  used  in  the  drain  was  taken 
from  a  nearby  sewer  trench,  which  had  been  excavated 
in  rock.  This  was  delivered  conveniently  along  the  line 
of  the  trench,  and  the  cost  of  delivery  is  not  included  in 
the  above,  but  the  cost,  however,  of  the  handling  in  the 
trench  is  included.  In  all  about  190  cu.  yd.  of  gravel  and 
rock  were  used  over  the  tiles. 


A  MOTOR-DRIVEN  MANHOLE  PUMP.* 

In  the  spring  of  the  year  and  after  heavy  rains  consid- 
erable trouble  is  experienced  by  the  Underground  De- 
partment of  the  Rochester  Railway  and  Light  Company 
because  the  manholes  which  have  no  drains  are  flooded 
with  water  above  the  cables. 

The  cable  ducts  connecting  the  manholes  allow  the 
water  to  flow  from  manhole  to  manhole  until  a  number 
of  manholes  have  become  filled,  making  it  necessary  to 
pump  the  water  out  before  any  work  can  be  done  on. the 
cables.  In  the  past  a  hand  pump  was  used.  This  was 
very  tedious  work,  sometimes  requiring  one  or  two  hours' 


Manhole   Pgmp   Employed    by   the    Rochester   Railway   &.    Light   Co. 

continuous  pumping.  It  was  decided  to  design  an  elec- 
tric driven  pump  and  use  material  in  the  company's 
stock,  if  possible. 

As  shown  in  the  accompanying  illustrations,  a  Vi  hp. 
1,400  r.p.m.  vertical  motor  and  a  small  centrifugal  pump 
were  connected  by  a  3-in.  spiral  riveted  pipe  7  ft.  long. 
The  pipe  acts  as  a  support  for  the  motor,  is  long  enough 
so  that  the  pump  can  be  lowered  into  the  water  with- 
out  submerging  the   motor  and   at  the   same   time   con- 


•From  data  furnished  by  the  Rochester  Railwav  and  Light  Co.. 
r.ochester.  X.  T.  L.  D,  Hall.  Chief  Draftsman  and  L,.  C.  Kimpal 
draftsman    of   the   pump.  , 
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ducts  the  water  from  the  pump  to  the  street  level.  The 
shaft  of  the  motor  and  the  impeller  of  the  pump  are  con- 
nected   by    a    %-in.    brass   rod   running  through  the  ^- 

The  complete  apparatus  weighs  about  170  lb.  and  is 
supported  bv  a  small  crane  attached  to  one  of  the  com- 
pany's trucks.  The  crane  is  a  small  pipe  with  a  long 
radius  bend  and  hook  at  one  end,  so  that  the  pump  can 
be  swung  over  the  edge  of  the  truck  and  lowered  into 
the  manhole  bv  means  of  a  block  and  tackle. 

The  pump  requires  only  a  small  amount  of  power,  and 
the  motor  is  operated  by  the  battery  which  operates  the 
ti'uck 

The  utility  of  the  pump  is  shown  by  the  fact  that  it 
will  emptv  a  manhole  in  15  minutes,  whereas  it  would 
take  two  men  almost  an  hour  to  do  the  same  work  with 
a  hand  pump.  The  pump  is  in  operation  every  day,  es- 
pecially during  the  rainy  season,  and  is  in  charge  of 
Mr.  0.  Roth. 

A    NEW    ENGLAND    PIPE    LINE    OF    UNUSUAL 
LENGTH  OF  MACHINE-MADE  WOOD  PIPE.* 

The  old  svstem,  formerly  owned  by  the  Suncock  Water 
Works  Co.  that  supplied  water  to  Suncock  Village  m  the 
town  of  Pembroke  and  Allenstown,  was  never  satisfac- 
tory   either  in  the  fire  service  rendered  or  the  quantity 
or  qualitv  of  the  water  furnished,  and  was  acquired  in 
1914  by  "the   town   of   Pembroke.     In ,  order  to   secure  a 
satisfactorv  source  it  was  found  necessary  to  go  to  Pleas- 
ant Lake,  14  miles  distant,  in  the  town  of  Deerfield,  N. 
H.    Lake  Pleasant  is  316  ft.  above  the  lower  level  of  Sun- 
cook  Village.     The  supply  pipe  line,  14  miles  in  length, 
that  is  now  nearly  completed,  is  laid  with  16-in.,  14-in., 
and   12-in.  wood  stave  pipe,  and  the  suburban   distribu- 
tion line  in  Pembroke  St.,  four  miles  in  extent,  with  8- 
in    and   6-in.   wood   pipe.      One-half   this  pipe  was   pur- 
chased from  the  Wyckoff  Co.  of  Elmira,  N.  Y.,  and  the 
other  half  from  the  Michigan  Pipe  Co.  of  Bay  City,  Mich. 
The  saving  in  first  cost  under  what  it  would  have  cost 
to  construct  these  lines  with  Standard  cast-iron  pipe  is 
slightly   over  $52,000.     A   section   where  the  wood   pipe 
saved  "considerable  expense  and  difficulty  was  in  the  first 
two    miles    from   the    source.      Here   the    pipe   was    laid 
through   a   swampy  tract   of   land;   a  portion   of  it  was 
an  impassable  morass  except  when  the  surface  is  frozen. 
This  two  miles  was  laid  in  December  and  January.    The 
surface  at  that  time  was  frozen  to  a  sufliicient  depth  to 
allow  teams  to   pass  over  it  and  provide  a  footing   for 
the  pipe  layers.     At  places  the  flow  of  ground  water  was 
so  copious  that  it  required  the  continual  use  of  a  6-in. 
Cameron   steam  pump  operating  day   and   night  to  ci\m 
for  it.    The  trench  required  close  sheet  piling,  thoroughly 
braced.     This  was   laid   with   16-in.   pipe,   and   it  would 
have   been   almost   an     impossibility    to   have    laid    and 
calked  cast-iron  pipe  in  this  section.    As  the  lake  is  else- 
where surrounded  by  high  hills  and  ridges,  this  was  the 
only  practical  place  to  take  a  pipe  line  out  of  it.     This 
pipe  line  was  laid  to  a  true  grade.     The  bottom  of  the 
trench,  which  averaged  about  10  ft.  in  depth,  when  the 
grade  did  not   carry   it  through  the  mud  or  quicksand, 
was  filled  with  brush  and  small  wood  removed  from  the 
right  of  way,  the  pipe  was  laid  on  this  and  weighted  with 
sand  bags,   as  it  could  not  safely  be   filled   with   water 
until  connected  with  the  intake.     Considerable  difficulty 
was  experienced  by  the  clogging  of  the  pumps  first  in- 
stalled with  vegetable  matter  and  roots,  but  afiter  secur- 
ing the  Cameron  pump  we  had  no  further  trouble  of  this 
kind.      This    supply    line   has   been    well    equipped    with 
both  air  and  vacuum  valves. 

For  the  Pembroke  St.  installation,  wood  pipe  was 
chosen,  mainly  for  the  reason  that  the  Manchester  and 
Concord  Electric  Ry.  passes  over  almost  its  entire  length, 
and  as  no  provision"for  a  return  current  is  made  there, 
an  iron  pipe  line  would  undoubtedly  have  formed  this 
circuit,  with  the  danger  of  electrolysis  imminent. 

Ablett  &  Bowes  of  Cohoes,  N.  Y.,  are  the  contractors 

•From  p  naper  bv  Arthur  ■\^'.  ni'dley  in  Journal.  New  Kns;land 
Waf'r  \Vorks  Association  tor  September.  1916. 
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for  this  work,  and  the  difficult  part  of  it,  consisting  of  lay- 
ing the  16-in.  pipe  through  the  bog,  was  done  on  the 
percentage  plan,  and  a  considerable  saving  was  made 
in  this  way. 

HINTS    ON    COMPUTING   COSTS    OF   CLEANING 

AND  PAINTING  WATER  WORKS 

STANDPIPES. 

Contributed   by  Joseph  Dixon   Crucible  Co.,   Jerse}'  City,   N.   J. 

Eperience  teaches  the  practical  painter  the  approxi- 
mate amount  of  time  necessary  to  clean  a  standpipe  and 
water  tank  work.  This  depends  upon  the  condition  of 
the  work  at  the  time  of  repainting,  which  means  the  ex- 
tent of  corrosion,  the  character  of  paint  previously  used, 
and  in  both  cases  how  difficult  or  easy  is  the  removal  of 
the  old  scale.  A  fair  working  average  on  a  plain  sur- 
face, such  as  the  outside  of  a  standpipe  is  1  ct.  per  square 
foot,  according  to  conditions.  Raise  this  figure  a  little 
for  inside  work  because  of  the  greater  amount  of  corro- 
sion or  greater  difficulty  in  removing  it.  This  estimate 
does  not  include  the  purchase  of  paint.  Neither  does 
it  include  the  cost  of  brushes  and  tools  which  can  be 
considered  to  represent  a  cost  of  5  per  cent,  figuring 
upon  the  cost  of  make-up. 

The  average  cost  of  cleaning  by  means  of  chipping  and 
painting  (no  paint  included)  is  311-  ct.  per  square  foot. 
The  cost  of  sand-blasting  and  painting,  including  trans- 
portation of  sand-blasting  apparatus,  within  a  reasonable 
distance,  is  5  ct.  per  square  foot.  This  company,  how- 
ever, recommends  that  all  surfaces  should  be  thoroughly 
cleaned  by  hammers  and  scrapers,  or  by  steel-wire 
brushes. 

Now,  about  the  paint  item.  One  paint  may  cost  50  ct. 
a  gallon;  a  superior  paint,  which  lasts  longer,  may  cost 
$1.50  per  gallon.  One  paint  will  cover  200  sq.  ft.;  an- 
other 500  sq.  ft.  per  gallon.  One  paint  can  be  more  read- 
ily applied  than  another,  thus  saving  in  labor.  We  esti- 
mate that  the  actual  cost  in  averaging  the  paint  is  11/2 
ct.  per  square  foot.  Dixon's  Silica-Graphite  Paint,  be- 
ing easy  to  apply,  and  covering  the  maximum  of  surface, 
and  costing  net,  say,  $1.20  a  gallon  to  consumers  in  bar- 
rels, will  come  to  about  17^  2  ct.  per  square. 

There  is  a  difference  in  the  cost  of  cleaning  and  paint- 
ing the  lattice  work  of  uprights,  on  which  the  tanks  are 
constructed,  depending  upon  the  position  of  the  lattice 
work.  The  average  length  of  columns  is  100  ft.  They 
are  square  in  shape  and  average  from  10  to  12  in.  on  all 
sides.  Each  100  ft.  of  this  class  of  work  requires  3  gal. 
of  paint  per  coat,  and  the  total  cost  of  cleaning,  applica- 
tion and  paint  per  100  ft.  is  $18. 

The  outside  bottom  part  of  the  average  water  tank 
costs  $7  per  100  sq.  ft.,  which  includes  scaffolding,  clean- 
ing, application  and  cost  of  paint. 

All  of  the  above  figures  are  based  on  actual  average 
cost,  and  the  15  per  cent  or  20  per  cent  labor  profit  that 
the  painter  charges  for  himself,  so  if  the  owner  employs 
his  own  labor  he  can  deduct  that  profit,  but  his  labor 
might  not  be  as  expert  as  an  expert  water  tank  painter. 

WELDING    WELL    CASING    WITH    OXY-ACETY- 
LENE  TORCH.  ■ 

This  well,  on  which  we  began  work  in  November,  1911, 
is  located  about  4  miles  out  of  McDonald,  Pa.,  and  at  the 
time  this  paper  was  written  had  reached  a  depth  of 
7,181  ft.,  being  by  far  the  deepest  well  ever  drilled  in 
this  country  and  only  exceded  by  one  other  well  in  the 
world.  At  the  time  of  which  I  write  we  had  in  the  well 
a  string  of  Si^-in.  I.  D.  or  412-in.  O.  D.  casing  6,320  ft. 
long  with  heavy  collars. 

Tn  order  to  use  a  larger  sized  casing  it  was  decided  to 
pull  out  the  screw  pipe  and  run  in  a  string  of  5-in.  with 
welded  joints.  The  casing  was  furnished  in  21  to  23-ft. 
lengths,  the  first  2,000  ft.  being  5-in.  0.  D.  or  4.29-in.  I. 
D.,  0.355  in.  thick,  weighing  17.611  lb.  per  foot.  Owing 
to  the  fact  that  there  was  an  enormous  water  pressure 

"From  a  paper  by  F.  L,.  Hadley  before  the  National  Gas  Association. 
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on  the  lower  casing  it  was  heavier  than  that  used  above 
the  water,  which  was  5  in.  0.  D.  or  4.24  in.  I.  D.,  0.288 
in.  thick,  weighing  14.493  lb.  per  foot,  there  being  4,320 
ft.  of  this  or  a  total  length  of  6,320  ft.  in  the  string.  On 
both  weights  the  ends  of  the  joints  were  chamfered  60 
degrees. 

In  placing  the  casing  in  the  well  there  w^ere  two  joints 
welded  together  outside  of  the  derrick,  then  after  the 
welding  was  completed  these  were  placed  in  the  hole  and 
lowered  down  until  only  about  5  ft.  remained  above  the 
derrick  floor.  Then  two  additional  lengths  were  welded 
together  in  the  yard  as  before  and  then  brought  into  the 
derrick,  raised  and  suspended  in  the  air  with  the  lower 
chamfered  end  resting  upon  the  upper  chamfer  of  tho 
section  previously  placed  in  the  well,  then  the  welder 
proceeded  to  weld  these  sections  together  vertically,  after 
which  thev  were  lowered  into  the  hole. 


AN  IMPROVED  CENTRIFUGAL  PUMP. 

(Contributed.) 

The  development  of  the  steam  turbine  and  the  high 
efficiency  multi-stage  centrifugal  pump  have  gone  hand 
in  hand,  but  up  to  the  present  it  has  not  been  entirely 
practicable  to  reconcile  the  speeds  of  the  two  machines 
so  that  each  would  work  at  its  best  efficiency. 

It  was  necessary,  heretofore,  to  reduce  the  speed  of 
the  turbine  and  sacrifice  much  of  its  efficiency  or  else 
speed  up  the  pump  with  similar  results.  To  overcome 
this  difficulty  the  Cameron  Steam  Pump  Works,  11  Broad- 
way, New  York,  have  designed  and  built  a  multi-stage 
centrifugal  pump,  known  as  the  "BT"  type. 


Fig.   1 — Sectional    View    of   Three-Stage    Centrifugal    Pump. 
Fig.   2 — Assembled    Steam   Turbine   and   Centrifugal    Pump. 

Figure  1  clearly  shows  the  construction  of  one  of 
these  three-stage  pumps.  The  high  speed  feature  is  a 
virtue  of  impeller  design.  With  the  ordinary  impeller 
the  diameter  cannot  be  reduced  sufficiently  to  get  high 
speed  without  sacrificing  vane  length,  and,  consequently, 
efficiency  for  a  certain  vane  length  is  very  necessary  in 
order  that  the  impeller  may  perform  its  function  with- 
out excessive  loss.  Small  external  diameter  and  adequate 
vane  length  are  obtained  in  this  pump,  by  bringing  the 
vanes  well  down  into  the  impeller  hub,  at  the  same  time 
so  turning  them  that  the  incoming  water  is  guided 
smoothly,  and  with  little  loss  into  the  outer  portion  of 
the  vanes  where  the  velocity  is  generated  that  is  finally 
converted  into  useful  pressure  by  means  of  the  external 
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diffusion  vane.  Additional  advantages  in  the  small  im- 
peller are  light  weight  and  low  fibre  stresses  in  the  ma- 
terial. 

The  casing  is  divided  along  the  horizontal  centerline. 
Both  the  suction  and  discharge  connections  are  in  the 
lower  half  of  the  casing.  The  upper  half  is  readily  re- 
movable, giving  full  access  to  the  revolving  element. 
There  are  suitable  openings  for  draining  the  pump  and 
for  displacing  the  air  when  starting.  Inlet  and  outlet 
nozzles  can  be  arranged  either  on  the  same  or  opposite 
sides — an  important  advantage  where  pumps  are  in- 
stalled in  limited  space. 

The  shaft  is  made  of  high-grade  forged  steel  accurately 
machined  and  ground,  and  wherever  it  comes  in  contact 
with  the  fluid  being  pumped,  it  is  thoroughly  protected 
by  bronze  sleeves,  which  prevent  the  stuffing  box  pack-l 
ing  from  scoring  the  surface  of  the  shaft. 

Each  impeller  is  cast  solid  in  one  piece  and  is  of  the 
enclosed  type.  Surrounding  each  impeller  hub  is  a  pair 
of  rings — one  stationary,  attached  to  the  casing,  and  one 
revolving,  attached  to  the  impeller.  By  the  use  of  double 
rings  instead  of  a  single  ring  it  is  possible  to  restore  the 
initial  tightness  of  the  joint  between  the  low  and  high 
pressure  sides  of  each  stage  without  any  fitting  what- 
ever, whereas  a  new  single  ring  would  have  to  be  of 
special  diameters,  and  then  fitted  to  the  impeller  hub, 
or  the  casing  to  make  a  tight  joint. 

The  diffusion  ring  surrounds  the  impeller  at  its  peri- 
phery, although  it  is  not  in  contact  with  it.  It  contains 
a  series  of  openings,  which  receive  the  water  from 
the  impellers  at  high  velocity,  and  by  means 
of  gradually  increasing  area  towards  the  peri- 
phery, reduce  the  velocity  into  pressure  and  enable  it 
to  advance  to  the  entrance  to  the  next  impeller  with  much 
less  loss  of  energy  than  would  be  the  case  if  the  high 
velocity  of  ejection  were  maintained. 

To  take  care  of  thrust,  which  manifests  itself  in  all 
multi-stage  pumps,  this  pump  is  equipped  with  a  simple 
internal  hydraulic  balancing  device.  This  device  con- 
sists of  a  revolving  disc  attached  to  the  shaft  at  the  in- 
board or  high  pressure  end.  Opposite  this  disc  is  a  sta- 
tionary drum  of  the  same  diameter.  Water  at  high  pres- 
sure connects  with  the  space  between  the  disc  and  the 
drum,  causing  the  disc  to  react  against  the  opposing 
thrust,  neutralizing  it  and  holding  the  rotor  in  proper 
relation  to  the  casing.  The  slight  leakage  involved  in 
this  process  is  piped  back  to  the  suction. 

On  tirrs  pump,  there  are  two  ring-oiled  bearings,  self- 
aligning,  one  located  on  each  side  of  the  casing.  The 
bearing  bodies  are  horizontally  split,  with  removable 
Ds,  and  the  bushings  are  also  split  and  lined  with  high 
|de  bearing  metal.  Bushings  and  bearings  bodies  have 
spherical  fit,  automatically  maintaining  the  alignment 
of  the  shaft.  The  bearings  are  of  ample  proportions  to 
prevent  heating,  and  the  oil  chamber  is  of  liberal  ca- 
paciA  The  bearings  are  supported  by  strongly  ribbed 
bracRets,  cast  integral  with  the  lower  casing,  thus  coun- 
teracting any  possible  tendency  towards  even  slight  vi- 
bration. These  brackets  are  located  sufficiently  distant 
from  the  stuffing  boxes  to  permit  of  adjustment  of  the 
glands.  Felt  washers  are  provided  to  prevent  oil  es- 
caping from  the  bearings. 

The  stuffing  boxes  are  deep  and  provided  with  water 
seals,  consisting  of  a  lantern  gland  in  each  box,  con- 
nected to  the  water  from  the  discharge  side  of  the  pump, 
through  a  concealed  passage,  so  arranged  that  it  can 
be  readily  cleaned.  The  stuffing  box  gland  is  fitted  with 
swing  bolts  to  give  quick  and  easy  access  to  the  stuffing 
box. 

When  the  pump  is  direct-connected,  it  is  supplied  with 
a  shaft  coupling  of  the  flexible  type,  to  compensate  for 
slight  variation  in  alignment. 

The  bedplate  under  the  pump  is  of  one-piece  box  con- 
struction heavy  enough  to  give  a  rigid  support,  and  with 
cross   ribs  to  prevent  distortion. 

Figure  2  shows  this  pump  entirely  assembled,  and  it  is 
claimed  by  the  manufacturers  that  it  occupies  less  space 
than  the  ordinary  boiler  feed  pump  of  this  general  tjiie, 
and  that  it  will  give  a  much  higher  degree  of  efficiency. 
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EXGINEERING 
AND     CONTRACTING 


REVENUE  AND  OPERATING  EXPENSE  OF  MU- 
NICIPALLY OWNED  WATER  WORKS  IN  MAS- 
SACHUSETTS FOR  THE  YEAR  1913.* 

There  has  recently  appeared  from  the  State  Bureau  of 
Statistics  the  Eighth  Annual  Report  of  the  Statistics  of 
Municipal  Finances  covering  the  year  1913  (that  is,  fiscal 
years  ending  between  Nov.  30,  1913,  and  April  1,  1914). 
This  report  contains  in  considerable  detail  the  figures 
indicating  the  financial  transactions  of  all  the  cities  and 
towns  in  the  commonwealth.  Those  for  water  works  sys- 
tems are  not  grouped  by  themselves,  but  are  given  in  the 
general  tabulations  under  the  heading  "Public  Service 
Enterprises."  The  gross  amounts  contained  in  these 
tables  are  of  little  significance  in  themselves  and  can- 
not readily  be  compared  with  those  of  other  cities  and 
towns,  except  those  appearing  on  the  adjoining  pages  of 
the  report. 

In  order  to  obtain  really  significant  data  from  these 
figures,  the  writer  has  abstracted  the  figures  of  revenue 
and  operating  expense  for  all  the  cities  and  towns  hav- 
ing municipal  water  works  and  has  computed  the  per 
capita  revenue  and  expenses,  using  population  estimated 
on  the  basis  of  the  1910  and  1915  census  figures.  The 
results  are  given  in  the  three  tables  accompanying,  where 
Table  I  contains  the  statistics  of  the  36  cities;  Table  II, 
those  of  the  52  towns  having  a  population  of  5,000  or 
over;  and  Table  III,  those  of  the  47  towns  having  a  pop- 
ulation of  less  than  5,000. 

It  should  be  noted  that  in  substantially  if  not  abso- 
lutely all  cases,  the  figures  reported  are  based  on  cash 
receipts  and  expenditures  and  not  necessarily  on  the  true 
earnings  and  expenses  for  the  year  under  consideration. 
It  is  also  to  be  remembered  in  comparing  these  figures  with 
similar  figures  for  privately  owned  water  works  systems 
that  in  but  few  of  the  municipally  owned  plants  does  the 
water  works  receive  any  revenue  for  fire  protection  or 
hydrant  service,  and  that  in  no  case  except  Holyoke  does 
the  water  department  pay  taxes.  It  must  also  be  borne 
in  mind  that  in  a  very  large  number  of  cases,. particularly 
in  the  small  towns,  the  administrative  machinery  of  the 
town  is  utilized  for  the  benefit  of  the  water  works  with- 
out compensation  out  of  water  revenue — thus  town  treas- 
urers or  collectors  of  taxes  in  a  great  many  cases  render 
and  collect  the  bills  for  water,  the  office  and  possibly 
the  shop  of  the  water  department  is  in  the  town  hall, 
and  it  mav  be  in  some  cases  that  one  of  the  selectmen 


•A   paper  by   Charles   W.    Sherman    in    the   June,   1916,    issue    of   the 
Journal  of  the  New  England   Water  Works  .\ssociation. 


T.^BLE   I.— GROSS    W.-VTER  WORKS   REVENrs   AND   OPERATING 

EXPE-NSE    PER    CAPIT.\    IN    MASSACHUSETTS    CITIE^^   ' 

FOR  THE  YEAR  1?13.  ^V 

Gross  OperaTlng 

Revenue-        Expense 

Number.     City.  Population,     per  Capita,     per  Capita. 

1  Boston     721,700                $4. OS  $1.43 

2  Worcester    15fi,012  2  S6  ^.60 

3  Fall  River    122,592  1.86  ^P.63 

4  Lowell     107,405  1.82  ^.31 

5  Cambriage     .  / 107.230  3.-^7  1.12 

6  Ne%v  Bedford    104,400  2.66  0,81 

7  Springfield    97i,353  3.69  2.01 

8  Lynn     03,215  3.34  1.64 

9  Lawrence 88,511  1.53  0.71 

10         Somervllle    S3. 000  2.79  0.73 

n         Brockton     60.124  2.45  0.91 

12  Holyoke     59.580  2.16  1.66 

13  Haverhill    -H.Sie  2.72  0.85 

14  Maiden    46,500              "     2.27  0.73 

15  Newton     41,789  3.42  0.96 

16  Salem     39,800  3.05  1.27 

17  Chelsea    .• 39.037  3.20  0.67 

18  Fitchburg     38,922  2.15  1.28 

19  Quincy     .^,.-.-.-. 37,460  3.26  0.68 

20  PIttsneld 36,612  3.24  0.57 

21  Everett 36,025  3.15  0.78 

22  Taunton    35,399  2.67  1.26 

23  Waltham     29,220  3.15  1.53 

24  Chicopee     28,242  2.35  0.97 

25  Medford    27,566  2.45  0.52 

26  Gloucester    24,446  4.45  1.21 

27  Revere     . . . ,. 23,289  3.16  0.79 

28  North  Adams  22,028  2.79  0.41 

29  Beverly    21,236  3.36  1.66 

30  Northampton    20,766  2.95  0.96 

31  Leominster 17,619  3.50  0.68 

32  Attleboro    17,574  3.84  1.05 

33  Melrose     16,411  2.72  1.13 

34  Woburn     15,968  3.29  1.12 

35  Newburyport    15,165  4.10  1.41 

36  Marlborough     14.981  3.03  0.77 

Average    -. 09,290  3.16  1.14 

Maximum '. . . .  4.10  1.66 

Minimum    ^. 1.53  0.41 

Ratio  of  average  operating  expense  to  gross  revenue  =  36  per  cent. 


T.XBLK   II,— GROSS  WATER  WORKS  IIEVE.XUE  AND  OPERATING 

KXI  i:.NSE    PER    CAPITA    IN    MASSACHTSETTS    TOWNS 

fJ\Kll  5,0110  lOPULATION  FOR  THE  YEAR  1913. 

Gross  Operating 

Revenue  Expense 
Number.     Citv.                                         I'upulation.     per  Capita,     per  Capita. 

1  BrMoKline    31,312                 $3.47  $l.-iO 

2  Peabodv    17,464  ."..60  1.59 

3  Westfieid    17,463  2.76  0.50   . 

4  Gardner    15,7iH  3.97  1.14 

5  Watertown    15,059  4.02  0.60 

6  Framingham     14.691  4.52  1.31 

7  Weymouth     13,540  3.66  0.85 

,S         Arlmgton    13,407  4.37  1.48' 

9  Clinton     13,144  2.58  0.80 

10  Wi'thuen    12,984  2.35.  0.82 

11  Pivmuuth    12.612  2.92  1.02  • . 

12  Waketield     12,229  3.17  1.53 

13  Webster    12,142  1.92  0.70 

14  Winthrop    11,707  4. 88  1.95 

15  Natick     10.619  2.61  1.30 

16  West    Springfield    10,493  4.70  1.94 

17  Danvers    10,469  3.69  0.94 

IS         Winchester    9,726       •  4.00  2.28- 

19  North  Attleboro    9,463  2.94  1.28 

20  Saugus    9.355  1.49  0.78 

21  Easthampton    9.316  1.92  1.08   ■ 

22  Athol    9,283  4.S5  0.95 

23  Norwood   9,193  3.63  1.36 

24  Ware    "     9,116  1.33  0.97 

25  Amesbury      9,084  3.75  1.05 

26  Braintree    8,831  4.34  1.94 

27  Milton 8,329  6.08  2.66 

28  Andover    7,706  2.96  1.13 

29  Marblehead    7,500  4.41  1.59 

30  Whitman    7,430  2.54  1.39 

31  Stoneham     7,330  3.20  1.29 

S2         Belmont    7,282  3.65  0.82 

33  Rockland    7,015  2.94  1.91 

34  Swampscott     6,888  5.90  2.31 

35  Hudson    6.752  2.26  0.29 

36  Stoughton    6,715  2.31  0.S6 

37  Maynard   6,618  2.04  .       0.68 

38  Concord     6,577  4.45  1.54 

39  Reading     6.409  3.78  1.55 

40  Spencer     6.293  1.8«  0.30 

41  Franklin    6,121  2.95  0.90 

42  Ipswich     6,074  2.45  0.82 

43  Wellesley    6,028  4.94  1.80 

44  Needham    5,935  2.89  1.29 

45  Winchendon    5,816  2.53 ..  0.89 

46  North   Anduver    5,784  2.07  1.12 

47  Westboro     5,734  1.94     .  0.74 

48  Abington    5,569  3.18  1.57 

49  Orange     5,340                  2.69  0.93 

50  Canton     5,292                  2.94  1.85 

51  Lexington    5,290                  5.00  1.26 

52  W.alpole     5,252                  3.93  2.15 

Average    9,529                  3.43  1.24 

JIaximum     6.08  2.66 

Minimum    1-33  0.29 

Ratio  of  average  operating  expense  to  gross  re^-enue  ^  36  per  oent. 

or  some  other  town  officer  acts  as  superintendent  with- 
out additional  compensation,  or,  at  most,  with  very  slight 
compensation  from  the  water  department. 

Tables  I  and  II,  relating  to  the  cities  and  the  larger 

T.VBLE  III.— GROSS  WATER  WORKS  REVENUE  .A.ND  OPERATING 

EXPENSE    PER    CAPITA    IN    MASS.ACHUSETTS    TOWNS 

UNDER  5,000  POPULATION  FOR  THE  YE.AR  1913. 

Gross  Operating 
Revenue        Expense 
Number.     City.                                        Population,     per  Capita,     per  Capita. 

1  Monsdn    4,905  $1.40  $0.32 

2  T-xbridge     4,821                   2.77  1.24 

3  Randolph    4,562                  2.38  1.09 

4  Dudley     4.330                  2.07  0.72 

5  Provincetown   4,324                   2.25  1.12 

6  Rockport     4,295                  .3.85  2.39 

7  Agawam    4.134                   tl.58  0.36 

■i         Templeton    2,951                   1.72  1.33 

.9         Falmouth    3,609                   7.66  2.7S 

10  East    Bridgewater    3,558                  1.40  0.48 

11  Barre    3,269                  1.18  0.24- 

12  Binerica    3,062                  2.47  1.66 

13  Nc.rth    Brookfield    2,997                  2.52  1.?.6 

14  Hollrook    2,894                  3.52  1.48 

15  :»pperell    2,884                   3.20  1.24 

16  llinchester    2,835                  6.47  4.70 

17  Aver     2,789                  3.18  1.2S 

18  Medway    2,786                  2.45  0.69 

19  West  Bridgewater  2.537                  3.24  0.69 

20  Lancaster     2,536                  3.72  2.5.9 

21  Kingston     2,526                   2.45  0.96 

22  Hopklnton    2.467                  1.38  1.19 

23  Sharon     2,406                  3.96  1.36 

24  Hatfield     2.3S7                   1.92  0.17 

25  Holden     2.366                   1.90  0.08 

26  Dciiclas     2,167                   1.02  0.74 

27  Wrentham     2,145                  2.46  1.04 

2S         Merrimac     2,142                   2.55  1.51 

29  Williamsburg    ' 2,123                   1.52  0.48 

30  Brookfield 2,117                  1.10  0.60 

31  Avon     2,103                  2.33  1.43 

32  Wavland     2,101                   1.40  0.78 

33  Ashburnham.     2,077                  1.70  1.65 

34  Ashlnnl     ■. 1,877                    2.50  1.19 

35  Rutland     1,833                  2.19  1.11 

36  Northboro    1,764                   2.86  0.70 

37  Longmeadow    I,.=i04                  3.05  2.04 

,38         Marlon     1,475                   5.66  3.35 

39  Millis    1,426                  2.36  1.27 

40  Plainville    1,400                   1.65  1.22 

41  Bedford     1,312                   2.70  0.92 

42  Nahant    1,307                  8.85  4.40 

43  IV'attapolsett     1,305                   1.68  1.30 

44  Tishurv    1,274  10.40  5.70 

45  Lincoln    1.256                  9.72  3.60 

46  Littleton     1,229                  2.50  1.32 

47  Russell  1,049                  1.38  1.52 

Average    2,556                  2.80  1.34 

Maximum   10.40  5.70 

Mlnlmi'm    0.58  0.08 

Ratio  of  average  operating  expense  to  gross  revenue  =  48  per  cent. 
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towns,  represent  long-established  water  works  systems 
in  which  the  development  is  substantially  complete.  That 
is  to  say,  the  water  pipes  reach  substantially  all  parts  of 
the  communities  and  the  number  of  people  not  sup- 
plied from  the  public  works  is  insignificant.  In  the  case 
of  the  smaller  towns  listed  in  Table  III,  however,  the 
conditions  are  very  different  in  many  cases.  Oftentimes 
these  works  supply  only  the  thickly  settled  central  por- 
tion of  the  town,  while  a  considerable  portion  of  the  pop- 
ulation living  in  outlying  districts  is  not  reached  by  the 
water  works.  In  such  cases  per  capita  figures,  based 
on  the  entire  population,  are  obviously  of  comparatively 
slight  significance  and  should  be  used  with  great  cau- 
tion. In  other  cases  the  works  have  been  recently  estab- 
lished and  have  not  yet  reached  their  full  development^ 
even  in  the  districts  supplied.  In  a  few  cases  of  sum- 
mer resort  communities  the  revenue  and  expenses  are 
abnormally  large  for  the  permanent  population  and  ought 
more  properly  to  be  based  on  the  maximum  or  transient 
population,  if  trustworthy  figures  were  available. 

In  the  case  of  cities  and  towns  in  the  Metropolitan 
Water  District,  it  should  be  noted  that  the  operating 
expense  includes  only  so  much  of  the  Metropolitan  assess- 
ment as  relates  to  maintenance  of  the  Metropolitan  Water 
Works. 

For  the  reasons  set  forth  above,  the  averages  for  Table 
III  are  probably  not  of  great  significance.  Those  of 
Tables  I  and  II  are,  however,  probably  fair  indications 
of  the  per  capita  revenue  and  operating  expenses  to  be 
expected  of  thoroughly  developed  municipal  water  works 
in  this  state.  Local  conditions,  of  course,  have  a  very 
considerable  effect,  particularly  upon  the  operating  ex- 
pense; and  the  extent  to  which  funded  debts  have  been 
retired  and  the  amount  of  extensions  to  be  paid  for  out 
of  earnings  in  addition  to  meeting  operating  expense 
would  largely  affect  the  amount  which  should  be  assessed 
in  gross  revenue. 

It  is  hoped  that  water  commissioners  and  superintend- 
ents will  find  these  figures  of  assistance,  particularly  in 
making  it  possible  to  compare  the  conditions  in  the  works 
under  their  charge  with  those  of  other  cities  and  towns 
where  the  conditions  are  more  or  less  similar. 


LINING  A  STEEL  CONDUIT  WITH  CEMENT 
GUN  BALTIMORE  WATER  WORKS. 

The  conduit  connected  the  new  dam  on  the  Gunpowder 
River  with  the  old  tunnel,  and  was  10  ft.  in  diameter  and 
2,555  ft.  long,  built  of  7/16  in.  steel  plates.  The  steel  pipe 
was  encased  in  concrete  18  in.  thick  at  the  springing  lines 
and  8  in.  thick  at  the  crown,  and  was  lined  with  reinforce 
mortar  lio  in.  thick  inside  of  joints.  The  following  ex- 
cerpt from  the  report  of  P.  A.  Beatty,  Division  Enginer, 
describes  the  method  of  placing  the  mortar  lining: 

The  contractors  elected  to  use  the  cement  gun  on  the 
lining,  and  were  directed  by  the  Water  Board  to  use  rein- 
forcement, as  provided  for  in  the  specifications,  t^ie  mortar 
to  be  1:2  mix,  lio  in.  thick  over  inside  courses,  and 
1  15/16  in.  over  outside  courses.  The  reinforcement  was 
No.  7  wire  mesh,  American  Wire  Co.  The  New  York  Ce- 
ment Gun  Co.  was  given  this  sub-contract  at  14.4  ct.  per 
square  foot,  including  the  reinforcement. 

The  installation  consisted  of  a  steam-driven  compressor 
of  500  cu.  ft.  capacity  and  two  gasoline-driven  compres- 
sors of  250  cu.  ft.  capacity  each.  A  2-in.  air  line  carried 
the  pressure  to  two  F.  D.  cement  guns  of  2  cu.  ft.  capac- 
ity. 

The  cement  gun  delivers  cement  and  sand,  previously 
mixed  and  placed  in  the  receiving  chamber,  through  a 
hose  to  a  ^2-in.  to  ^i-in.  nozzle,  where  water  is  sprayed 
on;  the  mortar  being  then  discharged  at  a  nozzle  pressure 
of  from  35  to  45  lb.  per  square  inch  against  the  surface 
to  be  covered.  The  sand  and  cement  are  first  passed 
through  an  Vs-in.  screen.  The  weight  of  a  cubic  foot  of 
1:2  "gunite,"  as  the  product  is  called,  shot  into  a  form,  is 
124.2  lb.,  as  against  a  weight  of  122.6  lb.  for  one  cubic 
foot  of  1 :2  mortar  poured. 

The  wire  mesh,  5  ft.  wide,  was  cut  in  sections  of  suffi- 
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cient  length  to  take  in  the  pipe  circumference  with  a  sufli- 
cient  bonding  lap,  which  was 'made  at  the  springing  lifle 
on  alternate  sides  of  the  pipe.  The  wire  was  held  in  place 
by  flexible  wooden  strips,  about  10  ft.  long,  set  transverse 
to  pipe  axis,  sprung  and  held  in  place  by  gas  pipe  telescop- 
ing rods  held  by  set  screws. 

In  shooting  the  invert,  rings  of  mortar  about  1  ft.  wide 
were  shot  on  a  few  feet  apart  and  screeded  to  the  proper 
thickness,  the  intermediate  space  being  shot  and  screeded 
from  the  rings  as  soon  as  the  latter  hardened  sufliciently. 
No  difficulty  was  experienced  in  shooting  the  full  thick- 
ness on  the  invert.  The  lining  was  carried  about  1  ft. 
above  the  springing  line. 

On  the  arch  similar  rings  were  shot  and  screeded,  and 
the  intermediate  spaces  covered  with  about  %  in.  6i 
"gunite."  From  12  to  24  hours  later  the  remainder  was 
shot  on  and  screeded  from  the  rings. 

Before  the  method  above  detailed  was  used  it  was  found 
that  in  screeding  a  broad  area  the  screeds  had  a  tendency 
to  tear  the  surface,  producing  cracks.  Where  there  was 
much  excess  material,  it  was  removed  with  a  trowel. 
About  15  per  cent  of  the  surface  had  to  be  reshot  to  bring 
it  to  the  proper  gage,  about  85  per  cent  being  right,  or 
somewhat  too  thick. 

In  shooting  against  the  steel  a  very  large  percentage  of 
the  sand  rebounded,  until  the  remaining  mortar  formed 
a  cushion  I's  in.  or  more  in  thickness,  after  which  all  of 
the  mortar  adhered.  This  rebound  was  removed  and  a 
portion  of  it  screened  and  used  again. 

In  shooting  the  invert,  great  care  had  to  be  exercised 
to  prevent  the  collecting  of  this  rebound.  It  was  picked 
up  with  trowels  and  thrown  just  ahead  of  the  nozzle  and 
incorporated  into  the  lining,  but  the  results  were  not  sat- 
isfactory. 

It  was  found  that  on  shooting  the  rings,  the  full  thick- 
ness of  1  15/16  in.  could  be  shot  at  one  time,  but  if  a 
broad  area  of  arch  were  shot  to  this  thickness,  it  was 
likely  to  fall,  particularly  if  screeded  or  troweled  much. 
Troweling  flushed  the  water  to  the  surface,  causing  the 
lining  to  become  soft  and  pasty;  it  ceased  to  "gunite"  and 
became  troweled  mortar.  Adhesion  and  compactness  are 
probably  best  attained  by  not  touching  the  lining  after 
shooting. 

A  surface  left  without  dressing  is  full  of  minor  irregu- 
larities, like  a  nutmeg  grater,  and  covered  with  a  film  or 
glaze  and  should  form  an  admirable  protection  if  left  in 
this  condition.  In  shooting  adjacent  to  a  finished  section 
there  was  a  considerable  amount  of  spatter,  which  adhered 
firmly  to  the  finished  surface,  forming  a  crust.  It  was 
very  difficult  to  get  it  off  without  hammering,  and  this  was 
considered  undesirable.  Adjacent  sections  of  concrete 
sl^Uld  be  hard  set  before  any  spatter  is  permitted  to  come 
oWhem,  and  this  should  be  scraped  off  while  green.  It 
is  questionable  whether,  when  a  surface  to  be  covered 
later  is  spattered,  it  is  necessary  to  clean  it.  It  adheres 
firmljjto  the  steel,  being  rich  in  cement,  and  forms  a  good  ' 
base  Tor  the  lining.  Whether  greater  adhesion  would  be 
obtained  by  shooting  over  this,  the  writer  cannot  state. 
One  advantage  which  the  cement  gun  people  claim  is  lost, 
however,  and  that  is  the  cleaning  of  the  surface  by  the 
sand  blast  action  of  sand  contained  in  the  mortar.  Too 
much  value  should  not,  however,  be  attached  to  the  eflft- 
ciency  of  this  cleaning,  as  it  is  probably  not  very  high. 

The  work  in  October  cost  the  contractor  15.89  ct.  per 
square  foot,  a  loss  of  1.49  ct.  per  square  foot.  In  Novem- 
ber the  cost  was  somewhat  reduced.  The  total  number  of 
square  feet  on  the  contract  was  76,000.  From  Oct.  27  to 
Nov.  1,  inclusive,  9.103  sq.  ft.  were  completed,  or  about 
1,517  sq.  ft.  per  day.  The  following  are  some  estimated 
figures: 

Inyt:ill:ilirn    per    foot    $0.02 

\Vir»;    per    fool     '.'.'..'.'.'.'.'.'.".  !oi 

Board   and    tninsportatlon   per   foot !o85 

Incidentals   and   superintendence   per   foot .175 

Gas.   oil   and   coal 095 

Cement    per    bag    '    .  '40 

Sand    per   cubic    fo^t    ',.]',  ,06 

The  nozzle  wears  away  rapidly,  causing  decreased  eflH- 
cienc.v.  A  black  rubber  lining  has  been  successfully  used, 
which  wears  from  two  days  to  one  week  in  active  service. 

Owing  to  dust  and  smoke,  the  conditions  within  the  con- 
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duit  were  unfavorable  to  good  work  and  inspection.  As 
a  result,  at  a  number  of  places  on  the  invert,  the  coating 
showed  imperfections,  such  as  insufficient  thickness, 
pockets  of  rebound  and  wire  near  the  surface.  Most  of 
these  were  discovered  by  sounding  with  a  hammer.  These 
discoveries  led  to  several  most  thorough  and  careful  ex- 
aminations, and  wherever  any  weakness  was  discovered 
the  lining  was  cut  out  and  patched  by  hand.  These  im- 
perfections were  confined  to  a  few  feet  breadth  of  the 
invert,  the  remainder  of  the  work  appearing  entirely  sat- 
isfactory. 

Conclusions. — In  the  writer's  opinion,  the  cement  gun 
can  be  used  to  great  advantage  in  the  protection  of  metal, 
but  does  not  lend  itself  well  to  such  work  as  is  described 
above.  If  the  invert  had  been  troweled  over  a  width  of 
about  4  to  6  ft.  and  allowed  to  become  thoroughly  hard, 
and  if  all  of  the  rebound  had  been  removed,  and  all  spat- 
ter taken  off  while  green,  it  is  probable  that  no  superior 
method  of  covering  steel  with  mortar  is  available.  There 
would  always,  however,  be  some  trouble  owing  to  the  con- 
stricted space  and  darkness,  which  would  render  the  ce- 
ment gun  here  less  efficient  than  on  the  outside. 


SUGGESTED  DESIGN  OF  DISPOSAL  PLANT  FOR 

CREAMERY   OR  CHEESE  FACTORY 

WASTES.* 

Where  neither  the  raw  nor  the  settled  wastes  can  be 
disposed  of  by  dilution  alone,  a  butter  factory  making 
1,000  lb.  of  butter  daily  or  a  cheese  factory  handling 
1,250  gal.  of  milk  per  day,  would  require  a  waste  treat- 
ment plant  similar  to  that  hereinafter  described.  The 
volume  of  wastes,  with  the  exclusion  of  pure  water,  excess 


♦p'rom  a  paper  bv  A.   Klliott  Kinibeiiy,  consulting  engineer  in  Ohio 
Public  Health  Journal  for  July,  1916. 


skimmed  milk,  buttermilk  and  whey,  will  be  about  1,000 
gal.  per  day.  This  will  require  a  baffled  settling  tank  of 
about  2,000  gal.  capacity,  a  dosing  tank  of,  say,  1,000 
gal.  capacity,  and  sand  filters  with  a  surface  area  of  1/25 
acre  or  1,742  sq.  ft. 

A  suggested  design  for  the  plant  is  shown  by  the  ac- 
companying drawings. 

Settling  Tank. — The  dimensions  of  the  settling  tank, 
in  plan,  are  5  ft.  by  9  ft.  and  the  depth  below  the  flow 
line  is  7  ft.,  making  the  total  capacity  of  the  tank  2,360 
gal.  The  top  of  the  tank  is  covered  by  means  of  a  2-in. 
oak  cover  constructed  in  removable  panels  3  ft.  in  width. 
The  lumber  should  be  well  seasoned  and  oiled  or  other- 
wise treated  to  prevent  warping.  Wooden  baffles  are 
placed  at  the  influent  and  outlet  ends  of  the  tank  to  fur- 
nish the  proper  distribution  and  to  prevent  the  scum 
which  forms  upon  the  surface  of  the  liquid  from  being 
carried  into  the  dosing  chamber.  These  baffles  are  con- 
structed of  2-in.  cypress  planks  set  in  slots  constructed 
in  the  sides  of  the  settling  tank.  The  effluent  from  the 
tank  passes  through  two  4-in.  by  12-in.  slots  in  the  bottom 
of  the  outlet  baffle  and  enters  the  dosing  chamber  over  a 
12-in.  concrete  weir. 

Dosing  Chamber. — The  dosing  chamber  is,  in  plan, 
5  ft.  by  14  ft.  and  has  a  total  depth  of  3  ft.  3  in.  It  is 
placed  adjacent  to  the  settling  tank  and  is  also  provided 
with  a  2-in.  cover  of  well  seasoned  oak,  prepared  to  pre- 
vent warping.  One  5-in.  siphon  is  placed  in  a  sump  at 
the  outlet  end  of  the  chamber  for  the  purpose  of  dis- 
charging the  contents  of  the  dosing  chamber  intermit- 
tently upon  the  surface  of  the  sand  filters.  This  siphon 
should  be  of  some  standard  design  in  order  to  insure  its 
continued  satisfactory  operation.  It  will  discharge  under 
a  drawing  depth  of  23  in.,  which  makes  the  total  capacity 
of  the  tank  1,000  gal. 
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Sand  Filters. — The  5-in.  siphon  in  the  dosing  chamber 
discharges  directly  into  a  line  of  6-in.  vitrified  sewer 
pipe,  which  leads  to  the  influent  chamber  at  the  sand 
filters.  This  chamber  is  24  in.  by  24  in.  and  has  a  depth 
of  24  in.  The  outlets  to  this  chamber  consist  of  two 
6-in.  lines  of  vitrified  pipe,  which  lead  to  stone  aprons  lo- 
cated upon  the  surface  of  the  sand  filters.  This  apron 
consists  of  large  field  stones  or  of  No.  1  crushed  stone, 
4  ft.  square  and  about  6  in.  thick.  Its  function  is  to  pre- 
vent a  scouring  of  the  sand  at  the  end  of  the  distributing 
tile  and  the  formation  of  channels  through  the  filter- 
ing material.  Wooden  plugs  are  provided  at  the  influent 
chamber  so  that  the  flow  from  the  spihon  chamber  may 
be  discharged  upon  either  of  the  sand  beds.  The  filters, 
which  are  constructed  in  2  units,  are  each  35  ft.  6  in. 
square  at  the  sand  surface.  The  sides  of  the  excavation 
for  the  filters  slope  in  the  ratio  of  IV2  to  1.  These  slopes 
should  be  sodded  above  the  sand  line  to  prevent  erosion. 
To  simplify  construction,  the  two  units  have  been  sep- 
arated by  a  concrete  wall  rather  than  by  an  earthen  em- 
bankment. The  filtering  material  consists  of  36  in.  of 
filter  sand  supported  by  a  layer  of  graded  gravel.  The 
filters  are  drained  by  two  lines  of  4-in.  bell  and  spigot 
vitrified  pipe  (hard  tile),  in  2-ft.  lengths  laid  with  open 
joints,  (%-in.  butt  to  socket),  spaced  6  ft.  each  side  of 
the  center  line.  These  drains  have  a,  slope  of  1  to  40. 
The  excavation  of  the  bottoms  of  the  filter  slopes  1  to  80 
in  both  directions  from  sides  and  center  line  to  the 
drains.  The  drain  lines  are  to  be  covered  with  graded 
gravel  as  follows: 

Over  the  entire  bottom,  a  layer  of  gravel,  ranging  in 
size  from  1^^  in.  to  3  in.,  with  a  minimum  thickness  of 
6  in.  at  the  upper  ends  of  the  drain  tile,  next  2J2  in.  of 
^i-in.  to  34-in.  gravel;  next  ^4-in.  of  1/16-in.  to  •''s-in. 
gravel,  and  finally,  ^i>-in.  of  coarse  sand.  The  sand,  which 
forms  the  3-ft.  layer  of  filtering  material,  should  be  of 
good  uniformity  and  should  have  an  effective  size  of  ap- 
proximately .30  to  .45  millimeters. 

The  main  drain  is  a  6-in.  vitrified  bell  and  spigot  pipe 
in  2-ft.  lengths,  laid  on  a  minimum  grade  of  1  and  100, 
and  connected  to  the  4-in.  lateral  drains  by  6-in.  by  4- 
in.  single  vitrified  Tees. 

Cost. — There  are  a  number  of  local  features  which 
largely  influence  the  cost  of  plants  for  treating  the 
wastes  of  the  dairy  industry.  These  are  particularly  the 
availability  of  sand  and  gravel,  the  distance  from  the 
factory  to  the  point  at  which  the  plant  is  to  be  located, 
the  distance  from  the  plant  site  to  the  stream  and  the 
fall  from  the  factory  drain.  Pumping,  of  course,  should 
be  avoided  where  possible. 

The  cost  of  a  plan  capable  of  handling  1,000  gal.  of 
butter  factory  or  cheese  factory  wastes  per  day  where  com- 
plete treatment  is  required  would  range  from  $800  to 
$1,000.  For  condensory  or  skimming  stations  the  cost  will 
be  slightly  higher  since  the  capacity  of  the  settling  tank 
should  be  increased  one-third.  Of  the  above  cost,  slightly 
more  than  one-half  is  that  of  the  filtering  material.  Suit- 
able bank  or  river  sand  if  available  a  short  distance 
from  the  proposed  plant  will  somewhat  reduce  the  above 
figures. 

Where  the  flow  of  the  adjacent  stream  permits  the  use 
of  a  tank  alone,  the  cost  of  the  treatment  plant  e.xclu- 
sive  of  the  drain  to  and  from  the  tanks  would  range 
from  $100  to  $200  for  a  plant  handling  LOGO  gal.  of  waste 
per  day. 

Cost  of  Operation. — The  operating  cost  of  treatment 
plants  for  wastes  of  the  dairy  industry  are  nominal.  Rak- 
ing the  filters,  cutting  grass  and  weeds  in  and  around 
the  plant  are  the  principal  items  of  operation,  together 
with  that  of  changing  daily  the  particular  filter  unit  in 
service.  In  fact,  so  little  labor  is  involved  that  no  men 
are  necessary  in  addition  to  the  regular  employes  of  the 
factorj'.  From  $10  to  $20  annual  expense  may  be  in- 
curred for  removing  scum  or  sludge  from  the  tank. 
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NOTES  ON  CONSTRUCTION  AND  USE  OF  FALSE 
BOTTOMS  IN   MECHANICAL   FILTERS.* 

J.  N.  Chester.t — We  are  strong  believers  in  the  false 
bottom,  notwithstanding  that  fact  that  some  of  our  most 
prominent  sanitary  engineers  have  in  recent  years  con- 
demned it,  nor  do  we  claim  that  it  is  original  with  either 
of  us.  It  has  been  employed  in  filter  design,  to  my  knowl- 
edge, for  more  than  thirty  years,  and  it  is  our  contention 
that  it  is  the  best  means  of  securing  an  even  distribution 
of  wash  water  to  the  strainers,  as  well  as  removing  the 
eflluent  from  the  strainers,  for  it  reduces  all  currents  to 
the  minimum,  and  in  addition  provides  ready  access  for 
cleaning,  inspection  and  repair  to  this  most  troublesome 
part  of  filter  construction. 

Thomas  Fleming,  Jr.t — Many  filtration  plants  have  suf- 
fered from  an  operating  point  of  view  due  to  a  lack  in 
proper  facilities  for  thoroughly  washing  the  filters.  In 
the  old  types  of  filters,  very  little  attention  was  paid  to 
trough  spacing  and  to  the  carrying  height  of  water,  but 
most  of  these  filters  were  provided  with  mechanical  rakes 
which  thoroughly  stirred  up  the  sand  during  the  washing 
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Fig.   1 — False    Bottom    East   Liverpool,   O.,   Filter   Plant. 

period.  When  the  modern  coVicrete  type  of  filter  began 
to  be  adopted,  agitation  of  the  sand  by  compressed  air 
was  substituted  for  the  old  type  of  rakes  and  more  atten- 
tion was  given  to  providing  an  adequate  amount  of  wash 
water.  This  was  limited  usually  to  8  gal.  per  square  per 
mirHJte,  as  it  was  found  that  a  greater  amount  would  dis- 
turb the  gravel  underlying  the  sand  which  was  usually  a 
small  sized  gravel  ungraded  and  placed  to  a  depth  of 
eight  or  ten  inches.  Under  these  conditions  and  with  the 
size  of  filter  sand  usually  used,  the  trough  system  was 
placed  at  a  height  of  15  in.,  which  was  found  sufliciently 
high  to  prevent  the  overflow  of  sand.  More  recent  ex- 
periments have  shown  that  a  more  effective  wash  can  be 
obtained  by  eliminating  the  mechanical  agitation  and 
cleaning  the  filter  with  a  rate  of  wash  of  15  gal.  per  square 
foot  per  minute,  which  is  almost  twice  the  rate  formerly 
adopted.  When  a  filter  is  washed  at  this  rate,  it  is  found 
that  the  entire  sand  bed  is  floated,  the  finer  sand  being 
lifted  from  24  in.  to  30  in.  above  the  normal  surface  of 
the  sand,  and  the  wash  troughs  must  therefore  be  con- 
structed at  this  height.  This  system  was  first  installed 
in  the  Cincinnati,  Ohio,  plant  and  gave  great  success,  not 
only  in  thoroughly  cleansing  the  filter,  but  in  a  lower 
operating  cost  and  with  a  less  amount  of  wash  water. 
The  trouble  from  the  disturbing  of  the  gravel  was  elimi- 
nated at  Cincinanti  by  tying  down  the  gravel  to  the  bot- 
tom of  the  filter  with  a  bronze  screen.  Recently  it  has 
been  discovered  that  by  grading  the  gravel  and  using  a 
depth  of  from  15  in.  to  24  in.  and  by  controlling  the  flow 

"K'x tracts    frnm    Proceedings.    Engineers'    Society   of  Western    Penn- 
sylvnnia.   for  .lanunr.v.   Iftlfi. 
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of  wash  water  so  as  to  slowly  and  uniformly  start  and  stop 
the  wash,  that  it  is  unnecessary  to  tie  down  the  gravel 
in  the  filters,  and  several  of  the  latest  installations  have 
been  installed  on  this  basis. 

As  has  been  previously  stated,  the  main  problem  with 
the  hardwash  system  has  been  to  distribute  the  wash 
water  uniformly  over  the  entire  area  of  the  bottom  of 
the  filter,  and  this  seems  to  have  been  solved  in  the  use 
of  the  false  bottom  arrangement  at  Alliance  and  Erie. 
At  these  plants  a  rate  of  wash  as  high  as  20  gal.  per 
square  foot  per  minute  has  been  handled  with  perfect 
distribution. 

With  some  of  the  old  types  of  steel  filters,  false  bottom 
consisted  of  a  steel  plate  18  in.  above  the  bottom  of  the 
filter  in  which  the  strainers  were  screwed  and  the  space 
below  this  plate  could  be  entered  through  a  manhole  on 
the  exterior  and  inspected  and  cleaned  without  tearing 
up  the  entire  filter.  This  false  bottom  has  been  applied 
to  the  newer  type  of  reinforced  concrete  filters  in  the 
plants  at  Muncie,  Ind. ;  Warren,  Pa.;  Shreveport,  La.;  Al- 
liance, Ohio,  and  Erie,  Pa.  At  the  la.st  two  plants,  it  has 
been  used  in  connection  with  the  hardwash  system  and 
in  all  instances  has  given  good  results.  In  these  plants, 
the  false  bottom  consists  of  a  i2-in.  steel  plate  bolted  to 
8-in.  I-beams  spaced  2  ft.  center  to  center  and  placed  18 
in.  above  the  bottom  of  the  concrete  filter  to  which  they 
are  bolted  by  columns  and  by  anchor  bolts.  A  manhole  is 
provided  for  entrance  to  the  bottom  and  at  regular  in- 
tervals, a  filter  unit  is  closed  down,  drained  out,  and  en- 
tered and  inspected,  and  if  necessary,  cleaned  of  any  ac- 
cumulation of  sand.  Under  normal  conditions,  this  false 
bottom  is  merely  an  addition  to  the  clear  water  storage. 
The  latest  designs  contemplate  the  construction  of  this 
entire  false  bottom  of  reinforced  concrete.  A  plant  with 
this  type  of  construction  has  recently  been  completed  by 
the  Isthmian  Canal  Commission  at  Miraflores.  The  new 
6,000,000-gal.  plant  now  being  installed  for  East  Liver- 
pool, Ohio,  Fig.  1,  will  be  of  the  same  type. 

George  C.  Bunker.§ — In  the  opinion  of  the  writer,  the 
most  important  improvements  in  the  art  of  rapid  sand  fil- 
tration are  the  developments  of  the  concrete  false  bot- 
tom, reinforced  in  such  a  manner  as  to  withstand  the 
pressure  developed  by  a  high  velocity  wash,  and  the  down- 
ward deflection  of  the  wash  water.  The  Miraflores  puri- 
fication plant,  at  Miraflores,  Canal  Zone,  placed  in  opera- 
tion in  March,  1915,  contains  fourteen  filters  equipped 
with  concrete  false  bottoms. 

Each  filter  measures  19  ft.  9  in.  by  21  ft.  6  in.,  which 
gives  a  sand  area  of  425  sq.  ft.  The  total  depth  from  the 
top  of  the  walls  to  the  true  bottom  is  14  ft.,  to  the  false 
bottom  11  ft.  The  normal  elevation  of  the  water  in  the 
filter  is  one  foot  below  the  top  of  the  walls,  which  gives 
an  average  depth  of  5  ft.  6  in.  of  water  over  the  sand. 

The  floor  or  true  bottom  of  each  filter  is  14  in.  thick. 
Two  feet  above  this  floor  is  the  reinforced  concrete  false 
bottom,  one  foot  thick,  which  is  supported  by  concrete 
pillars.  In  this  are  placed  1,677  vertical  brass  feed  or 
strainer  pipes,  with  inside  and  outside  diameters  of  11/32 
and  17/32-in.,  respectively.  They  are  spaced  6  in.  apart, 
center  to  center,  and  above  the  top  of  the  false  bottom 
are  bent  over  180  degrees,  with  brass  strainers  screwed 
over  the  ends,  so  that  the  wash  water  is  delivered  direct- 
ly upon  the  concrete  instead  of  upwards  into  the  gravel. 
The  brass  strainers,  containing  25  holes,  1/16  in.  in  di- 
ameter, set  about  IVi  in.  above  the  false  bottom. 

The  graded  gravel  is  arranged  in  three  layers;  the 
bottom  layer  consists  of  8  in.  of  the  size  that  will  pass 
a  1%  in.  and  be  retained  on  a  1-in.  square  mesh;  the 
middle  layer  consists  of  12  in.  of  the  size  that  will  pass 
a  1-in.  and  be  retained  on  a  %-in.  mesh;  the  top  layer 
consists  of  4  in.  of  the  size  between  %  in.  and  3/16  in. 
diameter.  Thirty  inches  of  sand  from  a  local  beach, 
with  an  effective  size  and  uniformity  coefl!icient  of  0.40 
and  1.9,  respectively,  complete  the  filtering  material. 

A  high  velocity  wash  of  15  gal.  per  sq.  ft.  of  sand  sur- 
face consumes  6,400  gal.  of  wash  per  minute  and  develops 


a  pressure  of  16  lb.  per  square  inch  on  the  false  bottom, 
which  was  designed  to  withstand  a  pressure  of  28  lb. 
per  square  inch.  The  sand  bed  is  raised  8V4  in.  above 
its  normal  elevation.  The  relation  between  the  area  of 
the  strainer  openings  and  that  of  the  sand  surface  of 
each  unit  is  1  to  475,  or  0.21  per  cent. 

The  strainers  were  not  placed  on  the  feed  pipes  in 
three  of  the  filters.  Washing  at  the  above  rate  a  pressure 
of  11  lb.  per  square  inch  is  developed.  After  seven 
months'  service  thesp  filters  are  in  as  good  condition  as 
the  other  eleven  filters  which  are  equipped  with  strainers. 
It  is  the  opinion  of  the  writer  that  a  false  bottom  and 
20  to  24  in.  of  gravel  render  strainers  unnecessary. 

Concrete  filter  troughs  not  only  add  to  the  appearance 
of  a  filter,  but  eliminate  the  constant  scraping  and  paint- 
ing of  steel  troughs.  One  large  central  and  six  lateral 
concrete  troughs,  measuring  24  and  13  in.  wide  inside, 
respectively,  with  edges  21/2  in.  thick,  effectively  remove 
the  wash  water.  When  washing  at  the  rate  of  15  gal. 
per  square  foot  the  depth  of  water  over  the  weirs  is  1% 
in.  By  means  of  weirs  cut  into  the  troughs  the  maximum 
travel  of  the  suspended  particles  is  limited  to  2.5  ft.,  and 
there  is  sufficient  current  at  the  filter  wall  ends  of  the 
lateral  troughs  to  prevent  their  settling  out.  In  the  con- 
struction of  concrete  troughs  it  is  necessary  that  the  up- 
per surfaces  of  the  edges  shall  be  level  both  lengthwise 
and  crosswise. 
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QUANTITY  OF  GASOLINE  NECESSARY  TO  PRO- 
DUCE EXPLOSIVE  CONDITIONS 
IN  SEWERS.* 

The  sewer  tested  was  SVt  ft.  wide  and  SH  ft.  high  and 
2,706  ft.  long  with  six  manholes  spaced  553.3  ft.,  482.7  ft., 
655.3  ft.,  485.95  ft.  and  477.7  ft.  The  velocity  of  flow  was 
6.45  lin.  ft.  per  second,  the  depth  of  flow  was  about  8  in. 
and  the  volume  of  flow  was  about  19.6  sec.  ft.  Three 
tests  of  gasoline  impregnation  were  made. 

Test  I. — A  barrel,  55  gal.,  of  refining  gasoline  was  emp- 
tied into  manhole  No.  1,  and  samples  of  air  were  taken 
from  other  manholes  at  regular  intervals  for  upward 
of  two  hours.     The  comment  on  the  results  follows : 

One  gallon  of  gasoline  if  entirely  vaporized  produces 
about  32  cu.  ft.  of  vapor  at  ordinary  temperature  and 
pressure.  If  1.5  per  cent  of  gasoline  be  adopted  as  the 
low  explosive  limit  of  mixtures  of  gasoline  vapor  and 
air,  55  gal.  of  gasoline  would  produce  enough  vapor  to 
render  explosive  the  air  in  1,900  lin.  ft.  of  a  9-ft.  sewer, 
provided  the  sewer  air  and  the  gasoline  vapor  were  per- 
fectly mixed.  It  will  be  noted  how  far  theoretical  con- 
ditions differ  from  the  conditions  of  the  test,  as  follows: 
First,  the  gasoline  flowing  with  the  sewer  water  was 
rapidly  carried  past  any  particular  point;  second,  only 
the  lighter  parts  had  a  chance  to  evaporate  at  any  point; 
and,  third,  gasoline  vapor  is  about  three  times  as  heavy 
as  air,  so  that  mixing  of  vapor  with  air  at  an  appreciable 
distance  above  the  sewer  water  would  be  slow.  Sample 
1  from  manhole  2,  taken  two  minutes  after  the  introduc- 
tion of  the  gasoline,  contained  0.89,  per  cent  of  gasoline. 
Sample  1  from  manhole  3  contained  2.19  per  cent,  and 
was  taken  three  minutes  after  the  gasoline  had  been 
poured  in.  In  other  words,  the  relation  between  the 
movement  of  the  gasoline  down  the  sewer,  the  distance 
between  the  manholes,  and  the  time  of  collection  of  sam- 
ples was  such  that  at  manhole  3  there  was  more  gasoline 
vapor  three  minutes  after  the  introduction  than  at  man- 
hole 2,  two  minutes  after  the  gasoline  had  been  poured 
in.  The  significant  fact  is  that  2.19  per  cent  was  the 
largest  quantity  of  gasoline  vapor  in  any  sample.  Only 
very  small  proportions  were  found  at  any  manhole  10 
minutes  after  the  introduction  of  the  gasoline.  It  is  evi- 
dent that  1  bbl.  of  gasoline  (55  gal.)  poured  all  at  once 
in  a  manhole  of  a  fast-flowing  sewer  renders  the  air  ex- 
plosive for  only  a  few  minutes  at  any  particular  point. 

Test  II. — The  barrel  of  gasoline  was  poured  into  man- 
hole No.  1  at  the  rate  of  5  gal.  per  minute.     Pouring  in 
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the  gasoline  required  11  minutes.  Thirteen  minutes  after 
the  inflow  of  gasoline  had  ceased  there  was,  at  manhole 
2,  2  in.  above  the  water,  1.14  per  cent  of  the  vapor. 
Eighteen  minutes  after  the  inflow  of  gasoline,  only  a  trace 
of  vapor  was  left  in  the  sewer  air  at  that  point.  At  man- 
hole 4  the  gasoline  vapor  was  not  swept  out  so  quickly. 
In  16  minutes  the  amount  was  1.10  per  cent  (2  in.  above), 
and  in  31  minutes  0.12  per  cent.  At  certain  periods,  2 
in.  above  the  water,  dangerous  atmospheres  existed,  but 
in  all  instances  2  ft.  above  the  water,  the  quantities  dis- 
covered could  not  have  propagated  flame.  Upon  ignition 
of  the  gasoline  at  any  time  during  a  period  of,  say,  15 
minutes  after  the  gasoline  had  been  dumped  in  a  rapid 
sheet  of  flame  would  have  swept  along  the  sewer.  The 
test  shows,  therefore,  that  5  gal.  of  gasoline  per  minute 
introduced  into  the  sewer  under  the  conditions  de- 
scribed would  produce  a  dangerous  condition  as  long  as 
the  flow  lasted. 

Test  III. — A  bulkhead  was  built  to  produce  the  condi- 
tions of  a  submerged  outlet  and  the  gasoline  was  poured 
at  the  rate  of  1  gal.  per  minute  into  manhole  No.  1.  The 
results  of  the  test  prove  that  with  a  sewer  submerged 
by  high  water  extremely  dangerous  conditions  can  re- 
sult from  a  small  amount  of  gasoline.  Between  manhole 
5  and  manhole  6,  a  distance  of  about  500  ft.,  there  was 
a  dangerous  condition  five  hours  after  the  gasii^line  had 
been  run  in.  The  percentages  of  gasoline  were  slightly 
but  noticeably  increasing  at  manholes  3  and  4  above.  It 
can  be  readily  seen  that  if,  as  might  happen,  a  sewer 
should  be  submerged  for  several  days  or  a  week  at  a 
time  a  highly  dangerous  condition  would  result  if  as 
much  as  5  gal.  of  gasoline  or  light  oil  were  to  escape  at 
one  point  from  garages  and  dry-cleaning  establishments 
or  other  places  situated  on  its  drainage  basin. 

Summary. — One  barrel  (55  gal.)  of  gasoline  dumped  at 
once  into  the  sewer  described  caused  the  formation  of 
an  explosive  mixture  for  a  few  minutes  only  at  any  given 
point.  The  explosive  mixture  was  close  to  the  surface 
of  the  sewer  water  and  did  not  extend  far  into  the  upper 
sewer  air. 

When  one  barrel  of  gasoline  was  poured  into  the  sewer 
at  the  rate  of  5  gal.  per  minute  the  highest  percentage 
of  gasoline  vapor  2  ft.  above  the  sewer  water  was  0.70 
per  cent.  The  highest  percentage  of  gasoline  vapor  (2 
in.  above  the  sewer  water)  was  1.67  per  cent.  This  was 
found  at  manhole  3  6' 2  minutes  after  the  gasoline  had 
been  dumped  into  the  sewer.  Thirteen  minutes  after 
the  inflow  of  gasoline  had  ceased  there  was  (No.  2  man- 
hole) 1.14  per  cent  of  vapor  2  in.  above  the  water. 
Eighteen  minutes  after  the  gasoline  inflow  had  ceased 
only  a  trace  of  gasoline  vapor  was  left  in  the  sewer  air 
at  manhole  3.  At  manhole  4  there  was  0.12  per  cent  of 
vapor  31  minutes  after  the  inflow  had  ceased.  At  cer- 
tain periods  of  time,  2  in.  above  the  water,  explosive  at- 
mospheres existed,  but  2  ft.  above  the  water  the  atmos- 
pheres were  not  explosive.  Upon  ignition  of  the  gaso- 
line at  any  time  during  a  period  of,  say,  15  minutes  after 
the  gasoline  had  been  dumped  in,  a  rapid  sheet  of  flame 
would  have  swept  along  the  sewer. 

When  the  sewer  was  bulkheaded  to  parallel  conditions 
such  as  would  prevail  if  the  sewer  outlet  were  submerged 
a  dangerous  condition  resulted  from  dumping  into  the 
sewer  at  one  point  one  barrel  (55  gal.)  of  gasoline  at 
the  rate  of  5  gal.  per  minute.  At  some  places  there  ex- 
isted a  dangerous  atm.osphere  5  hours  after  the  gasoline 
had  been  dumped  in. 

When  one-half  barrel  (271/2  gal.)  of  gasoline  was 
dumped  into  the  sewer  at  the  rate  of  5  gal.  per  minute 
there  did  not  result  at  any  time  a  dangerous  condition, 
except  during  the  first  15  minutes,  when,  although  no 
samples  were  collected,  >the  air-gasoline  mixture  was 
unquestionably  explosive. 

Out  of  6,553  tests  of  the  air  in  sewers  of  the  city  of 
Pittsburgh,  four,  or  about  0  06  per  cent,  contained  as 
much  as  0.4  to  0.7  per  cent  of  gasoline  vapor. 
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POWER  EQUIPMENT   FOR  THE   BARGE  CANAL 
SYSTEM  OF  THE  STATE  OF  NEW  YORK. 

Contributed  l)y  C.  H.  JIacCuIloch,  Resident  Engineer,  for  the  Publicity 
Department,   Office   uf   State   Engineer,   Albany,   N.   T. 

The  Barge  Canal  system  of  the  State  of  New  York 
includes  four  canals:  the  Erie,  stretching  across  the 
States  from  east  to  west,  a  distance  of  343  miles,  and 
joining  the  Hudson  River  with  Lake  Erie;  the  Champlain, 
extending  in  a  northerly  direction  from  the  eastern  end 
of  the  Erie  Canal  to  Lake  Champlain,  a  distance  of  61 
miles;  the  Oswego  Canal,  starting  in  a  northerly  direction 
from  Three  River  Point  on  the  Erie  Canal  and  reaching 
Lake  Ontario  at  Oswego,  a  distance  of  23  miles;  and  the 
Cayuga  and  Seneca  Canal,  extending  southerly  from  the 
Erie  Canal  a  few  miles  west  of  Three  River  Point  to 
Cayuga  Lake  and  thence  westerly  to  Seneca  Lake,  a  dis- 
tance of  27  miles,  making  a  total  length  of  453  miles  for 
the  entire  Barge  Canal  system. 

There  are   68   new   locks   in   the   Barge   Canal   system, 

distributed  as  follows: 

Cayuga 
and 
Erie  Champlain  Oswego    Seneca 
Type   ot   lock.  Canal.        Canal.       Canal.      Canal.      Total. 

Standard    36  11  7  4  58 

Guard    2  0  0  0  " 

Junction     6  2  0  0  8 

T^'t^'l    63 

In  addition  four  small  locks  were  built  on  the  old  Black 
River  Canal,  an  important  water  supply  feeder  of  the 
Erie   Canal. 

Standard  locks  are  45  ft.  wide  and  have  an  available 
length  of  311  ft.,  a  minimum  depth  of  12  ft.  of  water 
over  the  miter  sill  and  vary  in  lift  from  6  ft.  to  40y2  ft. 
The  lock  at  Troy  built  by  the  Federal  Government  and"  the 
lock  built  for  the  Utica  Terminal,  are  included  in  the  36 
standard  locks  on  the  Erie  Canal,  listed  above. 

The  two  guard  locks  are  located  near  Rochester,  one  on 
each  side  of  the  Genesee  River  crossing.  These  locks 
have  lift  gates  which  are  operated  only  during  periods 
when  the  water  in  the  Genesee  River  is  higher  than  nor- 
mal pool  elevation. 

Junction  locks  are  smaller  than  standard  locks.  They 
are  not  on  the  through  route  of  the  Barge  Canal,  but  are 
at  points  where  certain  sections  of  the  old  canal  enter  the 
Barge  Canal.  These  sections  have  to  be  maintained  dur- 
ing the  construction  of  the  Barge  Canal,  so  as  not  to 
interrupt  traffic,  or  maintained  continuously  because  they 
are  water  supply  feeders  as  well  as  branch  canals. 

The  description  of  power  equipment  which  follows 
covers  the  equipment  for  56  of  the  58  standard  locks,  and 
the  equipment  of  the  two  guards  locks  and  the  junction 
lock  at  New  London.  The  remaining  junction  locks  are 
not  provided  with  power  equipment.  The  equipment  for 
the  Troy  lock  built  by  the  Federal  Government  is  entirely 
different.  The  equipment  for  the  standard  lock  at  the 
Utica  Terminal  has  not  been  installed.  This  equipment, 
however,  will  be  the  same  as  that  used  on  other  standard 
locks,  and  it  is  expected  that  this  lock  will  be  operated  by 
power  purchased  from  a  local  company. 

A  head  of  water  exists  at  each  lock  and  in  many  in- 
stances it  is  necessary  to  by-pass  a  certain  amount  of 
water  to  take  care  of  losses  in  the  lower  levels  of  the 
canal.  By  installing  hydraulic  turbines  at  these  locks  it 
is  possible  to  develop  power  which  otherwise  would  be 
wasted. 

Locks  are  built  of  concrete  and  during  the  construc- 
tion of  many  of  these  culverts  and  recesses  for  wheel  pits 
were  left  in  the  masonry  at  practically  no  additional  ex- 
pense. This  made  the  cost  of  a  small  direct  current  hydro- 
electric generating  plant  for  each  of  these  locks"  cor- 
respondingly less.  Consideration,  of  course,  was  given  to 
the  construction  of  central  alternating  current  generating 
stations  with  transmission  lines  connecting  a  number  of 
locks,  but  it  was  found  in  all  but  one  instance  more  eco- 
nomical to  build  a  small  direct  current  power  plant  at  each 
lock,  or  at  one  lock  of  a  group  of  two  or  three  locks 
close  together. 

The  one  alternating  current  power  station  is  located  at 
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the  east  end  of  the  Crescent  dam  on  the  Mohawk  River 
and  furnishes  power  for  operating  and  lighting  Locks  2,  3, 
4,  5  and  6,  and  two  guard  gates  on  the  Erie  Canal.  These 
five  locks  make  up  the  greatest  flight  of  high  lift  locks 
in  the  world,  having  a  combined  lift  of  169  ft.  (See  Fig. 
1.)  With  a  dam  already  built,  an  abundance  of  water,  and 
a  comparatively  large  demand  for  -power  scattered  over 
2' J  miles  of  canal,  conditions  were  t'avorable  for  the  con- 
struction of  a  central  station  equipped  with  alternating 


current  apparatus.  This  station  is  about  50  ft.  down- 
stream from  the  dam  on  a  bench  cut  in  the  rock  and 
houses  three  75  k.v.a.,  2,300-volt,  3-phase,  40-cycle  vertical 
genei-ators  direct  connected  to  Francis  inward-flow  type 
turbines.  Turbines  are  enclosed  in  steel  cases  connected 
to  a  6-ft.  penstock  leading  to  a  forebay  in  the  dam.  The 
discharge  ring  of  each  case  is  connected  with  the  lower 
pool  by  means  of  a  conical  concrete  draft  tube  formed  in 
the  concrete  of  the  power  house  foundation.    On  the  floor 
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above  are  located  the  generators,  oil  pressure  governors, 
stands  for  operating  butterfly  valves,  motor  driven  gov- 
ernor pumps  and  switchboards. 

From  this  station  2,300-volt  alternating  current  is 
transmitted  by  an  overhead  transmission  line  to  three 
substations  (Fig.  2),  one  at  Lock  3,  one  at  Lock  5,  and  one 
at  the  guard  gate  near  the  Mohawk  River.  At  the  sub- 
stations, Locks  3  and  5,  alternating  current  is  converted 
to  direct  current  at  250  volts  by  means  of  motor-generator 
sets  and  is  then  distributed  to  the  nearby  locks.  The 
substation  at  the  guard  gate  near  the  Mohawk  River 
houses  transformers,  control  panels  and  controllers  for 
two  25-h.p.  alternating  current  motors  located  on  the 
guard  gate  superstructure.  Poles  for  the  transmission 
line  are  of  reinforced  concrete  30,  35  and  40  ft.  long,  and 
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these  stations  consists  of  two  head  gates,  two  Francis  in- 
ward flow  type  hydraulic  turbines,  each  direct  connected 
to  a  50-k.w.  250-volt  direct  current  generator,  a  switch- 
board consisting  of  two  generator  panels  and  one  feeder 
panel,  two  motor  driven  governor  oil  pumps,  two  oil 
pressure  governors,  a  motor  driven  oil  pump  and  lubricat- 
ing system,  a  traveling  crane,  four  4,000-watt  electric 
heaters  and  an  incandescent  lighting  system. 

Slight  variations  from  this  type  are  necessary  at  cer- 
tain locks  on  account  of  local  conditions,  if  a  power 
station  feeds  two  locks,  the  capacity  of  the  generator  is 
increased  to  75  k.w.,  and  an  extra  feeder  panel  added; 
also,  if  the  second  lock  is  less  than  a  mile  or  more  than 
one-half  mile  distant,  a  booster  set  is  provided,  together 
with  the  necessary  switchboard  panel. 


Fig.  7 — Capstan  Equipment.  Cover  Plates  Removed.  Fig.  8 — Interior  of  Gasoline  Electric  Station.  Fig.  9 — Upper  Story  of  Cabins  Lo- 
cated Near  Each  Gate  of  Mohawk  River  Locks.  Vertical  Shafts  and  Bevel  Gears  Transmit  Power  to  Machinery  Located  in  Recess  in  the 
Lock  Wall  Beiov/.  Fig.  10 — Movable  Dam  Winch.  Trolley  Wire  VMot  in  Place.  Curtains  Removed.  Sections  of  Floor  Between  Rails  Are 
Removed  for   Passing  Chains  During  Operation. 


8  in.  square  at  the  top  with  a  uniform  taper  of  1  in.  in 
80  in.  on  each  side.    (See  Fig.  1.) 

Power  for  51  locks  including  the  junction  lock  at  New- 
London  is  supplied  by  31  direct  current  hydro-electric 
power  stations  and  11  direct  current  gasoline  electric 
generating  stations.  At  Lock  No.  1  on  the  Oswego  Canal, 
3-phase,  25-cycle  alternating  current  is  purchased  from 
the  local  power  company  and  is  converted  to  direct  cur- 
rent at  250  volts  by  a  motor-generator  substation  similar 
to  those  at  Locks  3  and  5,  Erie  Canal. 

The  hydro-electric  stations  are  of  two  types,  those 
having  vertical  shaft  generators  (see  Fig.  3),  and  those 
having  horizontal  shaft  generators  (see  Fig.  4). 

On  account  of  their  large  number,  the  direct  current 
vertical  shaft  generator  type  may  be  considered  as  typical 
of  Barge  Canal  power  stations.   The  equipment  for  one  of 


There  are  five  stations  having  horizontal  shaft  gener- 
ators. Where  the  head  of  water  is  so  low  that  the  turbine 
speed  falls  below  150  r.p.m.,  horizontal  shaft  generators 
running  at  a  full  load  speed  of  300  r.p.m.  are  connected 
to  the  turbines  through  bevel  gearing. 

Head  gates  in  the  power  culvert  are  made  of  yellow 
pine  about  6  in.  thick  and  carry  on  top  a  cast-iron  weight 
sufliciently  heavy  to  overcome  buoyancy  and  the  friction 
of  the  grooves  in  which  the  gate  slides.  These  gates  are 
operated  by  means  of  chains  attached  to  the  gates  and 
chain  hoists  attached  to  the  traveling  crane.  Gates  can- 
not be  raised  until  the  water  pressure  on  both  sides  is 
equal.  In  order  to  allow  water  to  fill  the  wheel  pit  and 
equalize  the  pressure  on  both  sides,  the  gate  is  so  con- 
structed that  the  cast  iron  portion  can  be  raised  about  3 
in.  before  engaging  upset  bolts  passing  through  the  gate 
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timbers.  The  turbines  are  Francis  inward  flow  type  with 
high  speed  cast  iron  runners.  Wickets  are  connected  by 
short  links  to  a  shifting  ring  supported  by  the  curb  plate 
of  the  wheel  case,  which  in  turn  is  connected  by  links 
to  crank  arms  on  the  regulating  shaft.  The  governor  is 
directly  connected  to  the  regulating  shaft. 

To  the  crown  plate  of  each  turbine  is  bolted  a  three 
part  lignum  vitae  steady  bearing,  the  water  load  and 
weights  of  all  rotating  parts  being  carried  by  a  roller 
thrust  bearing  located  on  top  of  the  generator.  The  gov- 
ernors are  of  the  familiar  oil  pressure  type,  of  6,000 
ft.-lbs.  capacity,  and  are  designed  to  open  or  close  the 
turbine  gates  in  IV2  seconds.  Except  in  stations  having 
horizontal  generators,  governor  oil  pumps  are  motor 
driven.  Two  more  driven  pumps  and  one  set  of  steel  tanks 
are  installed  in  each  station.  The  capacity  of  one  pump 
with  tanks  is  sufficient  for  both  governors  when  it  is 
desired  to  operate  generators  in  parallel. 

Piping  for  governor  oil  system  is  of  brass  and  the  hori- 
zontal runs  are  carried  in  slots  in  the  floor.  These  slots 
are  covered  with  checkered  plate.  A  belt  connects  the 
pulley  of  the  fly  ball  element  of  the  governor  with  a  pul- 
ley on  one  end  of  a  horizontal  shaft  projecting  through 
the  generator  base.  This  shaft  is  driven  through  beveled 
gears  by  the  vertical  shaft  of  the  generator.  Generators 
are  designed  for  direct  current  at  250  volts.  They  are 
compound  wound  and  of  the  commutating  pole  type.  The 
armature  is  supported  by  the  roller  thrust  bearing  men- 
tioned above.  This  roller  thrust  bearing  runs  in  oil, 
which  is  constantly  fed  from  a  distributing  tank  located 
on  the  crane  rail  ledge  in  one  corner  of  the  building. 
After  flowing  through  the  thrust  bearing  the  oil  passes 
to  the  steady  bearing  above  the  armature,  thence  in  a 
pipe  down  between  field  coils  through  the  lower  steady 
bearing  and  bevel  gear  case  to  a  filter,  located  in  the 
basement.  A  small  motor-driven  gear  pump  pumps  the 
oil  from  the  filler  to  the  distributing  tank. 

The  switchboards  are  black  marine  finished  slate,  lYa 
in.  thick.  At  one  side  on  a  swinging  bracket  is  an  illumi- 
nated dial  voltmeter.  Generator  panel  equipment  in- 
cludes an  automatic  carbon  break  circuit  breaker,  one 
ammeter,  four-point  potential  plug  receptacle,  one  field 
rheostat  and  a  triple  pole  single  throw  knife  switch. 
Feeder  panel  equipment  includes  ground  detector  lamps 
and  fused  knife  switches  for  the  various  motor  circuits. 

To  facilitate  the  handling  of  apparatus  in  case  of 
repairs  or  renewals,  each  station  is  equipped  with  a  3- 
ton  capacity  hand-power  traveling  crane.  The  bridge  is 
a  simple  I-beam,  on  the  lower  flange  of  which  travels  a 
4-wheel  trolley  carrying  a  chain  hoist. 

Each  station  is  also  supplied  with  the  necessary  light- 
ing and  heating  equipment,  a  steel  storage  bin  for  tools, 
waste  and  oil  cans  and  a  4-compartment  steel  locker. 

All  buildings  are  of  reinforced  concrete,  with  semi- 
glazed  green  tile  roof  covering.  The  roof  is  a  concrete 
slab,  6  in.  thick,  on  which  is  laid  a  2-in.  nailing  medium 
covered  with  a  layer  of  heavy  asphaltum  felt.  The  tile 
is  laid  on  the  felt  and  secured  with  bronze  nails  to  the 
nailing  medium  beneath.  Roofs  are  reinforced  with  wire 
cloth  and  are  formed  without  girders  or  beams.  The 
interiors  are  painted,  floors  and  sidewalls  to  about  6  ft. 
above  the  floor  drab,  the  remainder  white,  except  for  a 
2-in.  band  of  dark  slate  which  separates  the  drab  from 
the  white.  These  buildings  are  severely  plain,  but  are 
in  harmony  with  their  surroundings.     (See  Fig.  6.) 

A  canal  lock  is  a  very  efficient  type  of  hydraulic  ele- 
vator. It  consists  of  a  deep  oblong  chamber  with  gates 
at  each  end.  On  the  Barge  Canal  all  but  one  of  the  locks 
have  miter  gates  and  in  each  side  wall  is  a  large  culvert, 
the  bottom  of  which  is  slightly  higher  than  the  invert  of 
the  lock  chamber.  Numerous  small  openings  connect  the 
culvert  with  the  lock  chamber.  The  culvert  inlet  is  up- 
stream from  the  upper  gates.  The  outlet  is  downstream 
from  the  lower  gates.  Near  each  end  of  both  culverts 
is  a  valve  for  the  proper  control  of  the  water.  These 
culverts  are  entirely  independent  of  the  culvert  for  sup- 
plying water  to  the  turbines. 

A  lock  is  in  readiness  to  receive  a  boat  on  its  way 
upstream  when  the  lower  gates  and  valves  stand  open. 


and  the  upper  gates  and  valves  stand  closed.  As  the 
boat  enters  the  lock  the  lower  valves  are  closed  and  when 
it  is  safely  in  the  lock  and  lines  attached  to  line  hooks  or 
snubbing  posts,  the  lower  gates  are  closed.  The  upper 
valves  are  then  opened,  allowing  the  water  to  enter  from 
the  upper  pool  into  the  culverts  and  out  through  the 
small  openings  into  the  lock  chamber.  The  chamber 
gradually  fills,  lifting  the  boat  until  the  water  in  the 
chamber  is  at  the  same  level  as  the  upper  pool.  The 
upper  gates  are  then  opened  and  the  boat  as.oisted  in 
getting  under  way  by  the  electric  capstans.  The  lock  is 
now  ready  to  receive  a  boat  on  its  way  downstream. 
After  this  boat  enters  the  chamber  the  upper  valves  and 
upper  gates  are  closed  and  the  boat  made  fast.  The  lock 
tender  then  opens  the  lower  valves,  thus  allowing  the 
water  in  the  lock  chamber  to  pass  through  the  small 
openings  in  the  side  walls  into  the  culverts  and  thence  to 
the  lower  pool.  The  water  in  the  chamber  gradually 
drops  until  it  is  at  the  same  level  as  the  lower  pool,  then 
the  lower  gates  are  opened  and  the  boat  passes  out.  The 
time  required  for  a  lockage  averages  about  15  minutes. 

Gates,  valves  and  capstans  are  all  electrically  operated. 
Near  each  gate  is  a  master  switch  stand.  (See  Fig.  5.) 
A  simple  movement  of  the  hand  will  set  in  motion  the 
machinery  for  opening  or  closing  the  gates  and  valves  at 
one  end  of  the  lock.  This  can  be  done  from  either  side 
of  the  lock.  The  master  switch  stand  is  made  of  cast 
iron,  square  in  plan  and  about  3  ft.  high.  The  top  is  a 
bronze  plate,  through  which  the  shafts  of  five  master 
switch  cylinders  project,  one  for  each  gate,  one  for  each 
valve  and  one  for  the  buffer  beam.  On  the  end  of  each 
shaft  is  a  brass  handle,  which  is  moved  to  the  right  or 
left,  depending  on  the  position  of  the  gate  or  valve. 
These  stands  are  equipped  with  Yale  locks,  so  that  the 
handles  cannot  be  operated  by  unauthorized  persons. 
When  turned  to  the  right  the  master  switch  completes  the 
circuit  through  the  energizing  coils  of  two  contactors  on 
the  control  panel,  causing  the  motor  to  rotate  in  a  clock- 
wise direction.  Turned  to  the  left,  two  other  contactors 
are  energized,  thereby  closing  the  motor  circuit  for  rota- 
tion in  the  opposite  direction. 

Once  started  the  action  of  the  motor  is  accelerating, 
running,  de-accelerating  and  stopping  is  automatically 
taken  care  of  by  contactors  and  a  drum  type  limit  switch. 
Blocks  of  resistance  are  cut  out  and  introduced  in  the 
circuit  in  such  a  way  as  to  give  a  speed  curve  approxi- 
mating a  semi-ellipse.  On  the  control  panel  is  also 
located  an  overload  relay,  a  reset  coil,  knife  switches  for 
the  power  and  control  circuits  and  ground  detector  lamps. 
Direct  current  at  230  volts  at  the  motor  is  especially  well 
adapted  for  the  automatic  control  desired.  This  fact, 
coupled  with  the  characteristics  of  the  direct  current 
motors  and  the  simplicity  of  direct  current  apparatus, 
lead  to  the  adoption  of  this  type  of  equipment. 

Control  panels  are  located  adjacent  to  the  motors  they 
control  and  are  protected,  together  with  the  motor,  limit 
switch  and  resistance  units,  by  a  large  steel  cabinet,  as 
thown  in  the  photograph. 

The  cabinets  can  be  rolled  away  from  the  equipment 
they  protect,  thus  offering  easy  access  to  any  part  of  the 
apparatus.  On  top  of  the  cabinets  are  signal  lamps  con- 
sisting of  carbon  filament  incandescent  lamps  inside  of 
cylindrical  Fresnel  lenses,  8  in.  in  diameter. 

Signal  lamps  on  the  gate  controller  cabinets  are  red 
and  green,  indicating  to  lock  tenders  or  boatmen  the  posi- 
tion of  the  gates.  The  red  signal  is  displayed  for  all 
positions  of  the  gate  except  when  it  is  fully  open.  When 
fully  open  a  green  signal  is  displayed,  indicating  that  a 
boat  may  approach  the  gates  without  danger  of  running 
into  them.  Signal  lamps  for  valves  consist  of  one  blue 
and  three  white  lights,  the  blue  indicating  that  the  valve 
is  one-third  closed,  the  white  lights  indicating  the  valve 
is  one-third,  two-thirds  or  fully  open. 

All  motors  are  of  the  so-called  rolling-mill  type,  totally 
enclosed  and  built  with  fireproof  and  moisture-proof  insu- 
lation and  specially  treated  to  insure  reasonable  water- 
proofness.  Each  gate  and  valve  motor  is  equipped  with 
a  self-adjusting  solenoid  brake  having  the  same  character 
of  insulation  as  the  motors. 
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A  lock  gate  swings  through  an  angle  of  70  degrees. 
For  a  complete  movement  in  either  direction  this  takes 
about  1  minute.  One  end  of  the  cast  steel  spar  is  at- 
tached to  a  steel  pin  in  the  gate,  located  about  one-third 
the  length  of  the  gate  from  the  center  of  rotation.  (See 
Fig.  5.)  The  spar  has  teeth  cut  in  one  face,  which  mesh 
with  a  vertical  pinion  forming  part  of  a  train  of  gears 
driven  by  a  7-h.p.  motor  located  on  the  lock  wall.  A 
buffer  spring  is  housed  in  the  outer  end  of  the  spar,  to 
take  up  shocks.  Bronze  shear  pins  are  provided  in  a 
coupling  midway  in  the  train  of  gears  which  are  designed 
to  break  should  the  safe  load  on  the  machine  be  exceeded. 

Most  of  the  machinery  is  in  a  recess  below  the  surface 
of  the  lock  wall  and  is  covered  by  checkered  steel  plates. 
The  remainder,  together  with  the  electric  equipment,  is 
above  the  lock  wall,  protected  by  the  controller  cabinet. 
So  located,  the  electric  equipment  is  reasonably  safe 
against  damage,  due  to  wash  or  floods. 

In  case  of  failure  of  the  electric  power,  gate  machines 
can  be  operated  by  hand.  When  this  becomes  necesary 
an  interlocking  lever  located  in  the  cabinet  is  thrown. 
This  disconnects  the  motor,  electrically  and  machanically, 
and  throws  in  a  jaw  coupling  of  the  hand-operating 
mechanism  and  uncovers  a  spindle  which  receives  the 
socket  of  the  hand  sweep. 

The  culverts  in  the  side  walls  of  the  locks  are  rect- 
angular, 5x7  ft.,  6x8  ft  or  7x9  ft.  in  section,  depending 
on  the  lift  of  the  lock.  Structural  steel  valves,  having 
four  large  wheels  and  supported  by  two  heavy  crane  chains 
which  pass  over  cupped  wheels  near  the  top  of  the  lock 
wall  to  a  counter-weight,  move  vertically  in  the  valve  well 
across  the  culvert  opening,  thereby  allowing  water  to  pass 
through  the  culvert  or  shutting  it  off,  as  the  case  may  be. 
The  shaft  supporting  the  cupped  wheels  is  driven  through 
a  train  of  gears  by  a  compound  wound  motor.  (See  Fig. 
6.)  This  motor  is  rated  at  3  H.P.  for  5x7  ft.  and  6x8  ft. 
valves,  and  7  H.P.  for  7x9  ft.  valves.  A  part  of  the  ma- 
chinery is  located  in  a  recess  in  the  lock  wall  and  covered 
with  checkered  steel  plates;  the  remainder  is  located  in 
a  cabinet  near  the  back  of  the  wall  and  in  line  with  the 
cabinet  for  grate  machines.  Details  of  electrical  equip- 
ment and  machinery  for  hand  operation  are  similar  to 
those  provided  for  the  gates.  Valve  equipment  are  de- 
signed so  that  the  valves  can  be  raised  or  lowered  at  the 
rate  of  6  ft.  a  minute. 

At  each  end  of  each  lock  is  an  electric  capstan  of  8,000 
pounds  capacity  at  a  speed  of  60  ft.  per  minute.  (See 
Fig.  7.)  The  diameter  of  the  spool  is  12  in.  Except  for 
the  spool  and  the  remote  controller,  the  entire  capstan  is 
set  in  a  recess  in  the  lock  wall  and  covered  with  checkered 
steel  plates.  The  master  switch  is  operated  by  a  treadle 
set  flush  with  the  floor  plates  and  conveniently  located 
for  the  operator  when  overhauling  a  rope.  Capstan  ma- 
chinery and  its  20-H.P.  compound  wound  motor  are  en- 
closed in  a  water-tight  and  oil-tight  case.  This  equip- 
ment is  designed  so  that  it  will  not  be  damaged  although 
submerged.  The  remote  controller  is  similar  to  the  gate 
and  valve  controllers,  except  in  the  detail  of  reversing 
contractors,  which  are  not  necesary  for  capstans. 

On  account  of  unusual  conditions  along  the  Mohawk 
River,  the  equipment  at  Locks  8  to  15,  inclusive,  Erie 
Canal,  is  different  from  the  equipment  at  other  locks. 
Adjacent  to  these  locks  are  movable  dams  having  Boule 
gates  operated  by  electric  winches.  During  the  closed 
season  of  navigation  these  dams  are  raised  and  therefore 
a  hydro-electric  plant  could  not  be  depended  upon,  as  un- 
der the.se  conditions  there  is  no  head  of  water.  A  station 
was  therefore  built  at  each  of  these  locks  having  two 
25  K.W.  gasoline  electric  generator  sets,  with  a  closed 
cooling  svstem  and  incidental  electrical  apparatus.  (See 
Fig.  8.) 

During  freshets  in  this  section  of  the  river  these  locks 
are  sometimes  several  feet  under  water  and  during  the 
spring  break-up,  ice  passes  over  the  tops  of  the  locks.  It 
is  therefore  necessary  to  protect  electrical  apparatus  so 
that  it  will  not  be  damaged  by  either  ice  or  water. 

A  few  feet  back  from  the  edge  of  the  lock  chamber  and 
near  each  gate  a  concrete  cabin  was  built  on  a  heavy  con- 
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Crete  base  9  ft.  high.  In  this  cabin  the  valve,  gate  and 
capstan  electrical  e(iuipment  is  housed  (See  Fig.  9),  and 
vertical  shafts  with  the  necesary  bevel  gearing  transmits 
the  power  from  the  motors  in  the  cabin  to  the  machinery 
located  in  recesses  in  the  lock  below.  , 

There  are  two  electric  winches  for  each  dam.  (See  Fig. 
10.)  These  winches  travel  on  a  track  adjacent  to  the 
downstream  truss.  Each  winch  has  a  four-wheel  struc- 
tural -steel  truck  and  carries  a  horizontal  shaft  about  15 
ft.  long,  having  on  each  end  cupped  wheels  to  receive 
the  chains  for  operating  the  gates  and  wicket.s.  This 
shaft  is  driven  through  a  train  of  gears  by  a  12-H.P. 
motor  controlled  by  a  standard  drum  type  controller. 

Gasoline  electric  stations  <vere  also  built  at  Locks  25 
and  26,  Erie  Canal,  and  at  Lock  1,  Cayuga  and  Seneca 
Canal,  on  account  of  conditions  which  made  them  the  most 
economical  for  these  locations. 

Each  lift  gate  of  the  two  guard  locks  on  the  Erie  Canal 
at  the  Genesee  River  crosing  are  operated  by  2  20-H.P., 
three  phase,  25  cycle  mill  type  induction  motors.  The  con- 
trol panels  and  drum  type  controllers  for  operating  these 
motors  are  housed  in  a  steel  cabinet  at  the  foot  of  each 
tower.  Power  is  purchased  from  the  local  power  com- 
pany. The  concrete  structure  is  similar  to  a  standard 
lock  except  that  it  is  10  ft.  wider,  has  lift  gates  instead  of 
miter  gates  and  a  special  arrangement  of  valves. 

All  locks  on  the  canal  are  well  illuminated,  having  on 
an  average  10  750-watt  nitrogen  filled  tungsten  filament 
lamps  per  lock.  Three  lamps  are  placed  on  each  side  of 
the  lock  chamber,  and  two  on  the  upper  and  two  on  the 
lower  approach  walls.  Lamps  are  suspended  from  the 
mast  arm  of  wrought  iron  poles  and  are  24  ft.  above  the 
elevation  of  the  lock  wall. 

Except  for  the  comparatively  small  amount  of  over- 
head transmission  lines,  all  conductors  are  steel  wire  or 
steel  tape  armored,  lead-covered  rubber  insulated  con- 
ductors, laid  30  in.  below  the  ground  surface  or  lead  cov- 
ered, rubber-insulated  conductors,  carried  under  ground 
in  metal  duct  or  in  fibre  duct  encased  in  concrete. 

Locks  which  depend  for  their  power  supply  on  a  station 
located  at  a  distant  lock  are  connected  with  the  station  by 
a  telephone  system.  The  five  locks  of  the  Waterford 
flight  and  the  Crescent  power  station  are  equipped  with 
an  intercommunicated  telephone  system. 

The  cost  of  the  complete  operating  and  lighting  equip- 
ment per  lock,  not  including  power  station  and  station 
equipment  averages  $28,000.  The  cost  of  a  typical  hydro- 
electric power  station  complete  averages  $20,000. 


LIFE  OF  CAST  IRON  WATER  PIPE  OF  THE 
HARTFORD,  CONN.,  WATER  WORKS.* 

During  the  past  year,  new  pipe  has  been  laid  in  many 
streets  formerly  served  by  pipes  laid  many  years  ago. 
This  action  has  been  taken  not  because  intrinsically  the 
pipe  had  worn  out  or  become  useless,  but  solely  because 
the  community  served  is  now  a  populous  city  district 
rather  than  a  sparsely  settled  suburb.  The  iron  in  this 
old  pipe  was  of  excellent  quality,  and,  except  for  the  cost 
of  salvage,  it  might  well  have  been  used  elsewhere.  The 
cost  of  removing  these  pipes,  however,  is  usually  found 
to  exceed  their  value  on  account  of  other  underground 
structures,  street  railway  tracks,  and  improved  street 
surfacing,  to  say  nothing  of  the  often  very  erratic  align- 
ment of  the  old  layout.  Some  of  the  pipe  is  badly  tuber- 
culated  and  other  partly  filled  with  sediment,  but  if  the 
pipe  had  not  been  too  small  for  modern  requirements  in 
this  district,  it  probably  would  have  paid  to  clean  it.  So 
far  as  permanency  goes,  all  of  this  pipe  shows  that  cast 
iron  is  an  ideal  material  for  water  pipes  and  that  up  to 
the  present  time  no  other  substance  has  been  found  from 
which  generally  such  satisfactory  results  can  be  obtained. 
There  are  three  principal  features  to  be  considered  in 
selecting  water  pipes — permanency,  carrying  capacity, 
and  cost.  Fifty-five  to  60  years'  service,  and  a  condition 
such  that  life  ahead  cannot  be  estimated,  certainly  meets 
the  first  requirement.     Well-laid  clean  or  cleaned   cast- 


•F:xcerpt  from  a  paper  by  C.   XI.   Saville   In  Journal.   New   England 
Waterworks  Association,  June,   1916. 
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iron  pipes  have  a  carrying  capacity  not  greatly  inferior 
to  that  of  any  other  materials  that  have  been  used,  and, 
if  capitalized  cost  based  on  longevity  of  service  is  taken 
as  a  criterion,  it  appears  that  all  these  requirements  for 
water  pipes  have  been  met. 


A  SMALL  MECHANICAL  FILTER  PLANT,  WITH 
AUTOMATIC   EQUIPMENT  THROUGHOUT. 

Contributed  by  K   E.  Harper.   Consulting  Engineer,   Kansas  City,   Mo. 

Pleasanton,  Kas.,  has  a  population  of  about  1,400,  and 
about  1898  installed  a  water  works  system.  The  water 
supply   is   obtained   from   an   impounding   reservoir,   and 
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The  water  from  the  filter  was  stored  in  a  circular,  con- 
crete lined  basin,  72  ft.  in  diameter  and  6  ft.  deep,  lo- 
cated about  40  ft.  distant  from  the  filter,  subject  to  over- 
flow during  freshets,  and  not  covered. 

The  foregoing  description  is  given  for  the  reason  that 
it  tells  pretty  well  how  a  filter  plant  should  not  be  built, 
and  it  is  needless  to  say  that  the  results  obtained  in 
the  operation   of  such  a  plant  were  very  bad. 

In  redesigning  and  rebuilding  this  plant  the  concrete 
work  for  the  filter  unit  was  utilized,  but  the  mechanical 
equipment  throughout  was  replaced  with  new  equip- 
ment. A  new  coagulating  basin  was  constructed,  and 
the  old  storage  basin  for  filtered  water  was  relined  and 
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Fig.    1 — General    Arrangement    of     Filter    Equipment    at    Pleasanton,    Kansas. 


the  water  flows  by  gravity  to  the  filter  plant  near  the 
city. 

The  filter  plant,  as  originally  installed,  consisted  of 
one  rectangular  filter  unit,  8  ft.  square  and  about  8  ft. 
deep,  built  of  concrete,  and  the  mechanical  equipment 
consisted  of  a  strainer  system,  steel  pipe  laterals  in  the 
manifold  system,  a  few  valves,  no  gages  or  indicating 
devices  of  any  kind,  no  rate  controller.  The  chemicals 
were  mixed  in  a  small  wooden  tank,  applied  entirely  by 
guesswork.  There  was  no  coagulating  basin,  the  chem- 
icals being  applied  to  the  water  as  it  entered  the.  filter. 


the  walls  raised  2  ft.  so  that  the  basin  would  not  be 
flooded  by  freshets.  The  clear  water  basin,  on  account 
of  its  size,  was  not  roofed. 

The  coagulating  basin  is  circular  in  form,  30  ft.  in 
diameter,  10  ft.  deep,  and  is  provided  with  a  circular 
baffle  wall  so  arranged  that  the  water  travels  in  a  spiral 
course  from  the  center  of  the  basin  toward  the  outside. 
This  basin  is,  in  the  opinion  of  the  writer,  twice  as  large 
as  is  necessary  to  meet  the  local  requirements,  but  was 
built  to  conform  with  the  requirement  of  the  Kansas 
State  Board  of  Health,  which  has  insisted  on  coagulat-i 
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ing  basins  having  sufficient  capacity  for  at  least  6  hours' 
sedimentation. 

The  water  from  the  impounding  reservoir  flows  to  this 
basin  by  gravity,  and  discharges  through  an  orifice  plate 
on  the  inlet  pipe  which  rises  to  a  height  about  4  in. 
above  the  normal  water  level  in  the  basin. 

The  head  under  which  the  water  discharges  through 
this  orifice  varies  from  zero  to  9  in.,  depending  on  the 
rate  at  which  the  filter  is  operating,  and  this  head  is 
communicated  by  means  of  a  pipe  to  a  small  float  cham- 
ber inside  the  filter  house,  where  any  change  in  head 
is  transmitted  by  means  of  a  float,  cable  and  pulleys 
to  the  proportional  feed  devices  which  feed  the  lime 
and  alum,  solutions. 

These  devices  are  so  arranged  that  the  chemical  so- 
lutions are  discharged  through  suitable  orifices  under 
exactly  the  same  head  as  the  raw  water  is  discharged 
through  the  orifice  on  the  inlet  to  the  basin,  thus  pro- 
viding a  proportional  feed  which  is  entirely  automatic  in 
its  operation. 

The  water  level  in  the  coagulating  basin  is  controlled 
by  a  float-actuated  valve  on  the  inlet  pipe,  and  is  level 
with  the  water  in  the  filter. 

Provision  is  made  for  applying  the  coagulants  to  the 
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At  the  present  time  the  pumping  is  done  by  a  steam 
pump,  located  at  the  filter  plant,  but  it  will  only  be  a 
short  time  until  a  motor-driven  pump  is  installed,  with 
equipment  for  .starting  and  stopping  this  pump  from  up- 
town, half  a  mile  distant  from  the  plant. 

When  this  is  done,  the  necessity  of  having  a  man  on 
duty  all  day  at  the  plant  will  be  done  away  with,  for  all 
that  will  be  necessary  will  be  for  the  attendant  to  make 
an  inspection  of  the  plant  say  once  each  day,  wash  the 
filters  when  necessary,  and  make  up  a  fresh  supply  of 
coagulants  for  each  day. 

The  plant  is  equipped  with  a  motor-driven  blower  for 
air  wash,  a  hypochlorite  plant  for  emergency  use,  and 
with  mercury  loss-of-head  gages.  It  is  the  first  plant 
in  Kansas  to  have  automatic  equipment.  The  average 
daily  consumption  of  water  is  about  50,000  gal. 

The  plant  has  been  in  operation  long  enough  to  dem- 
onstrate that  the  automatic  devices  can  be  depended 
upon  to  perform  their  work  properly,  and  to  show  that 
they  are  of  value  in  a  small  plant,  for  the  reason  that 
more  uniform  results  are  obtained,  and  the  attendant 
can  devote  most  of  his  time  to  other  things,  and  there 
are  always  plenty  of  them  in  a  small  town  to  keep  a  man 
busy. 
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Fig.     2 — General     Arrangement    of     Proportional    Chemical     Feed     and     Details   of  Tilting   Tank. 


raw  water  at  any  point  in  its  travel  throughout  the  basin, 
but  ordinarily  the  coagulants  are  added  to  the  water  just 
as  it  enters  the  basin. 

The  filter  unit  is  equipped  with  cast  iron  laterals,  as 
it  was  found  that  the  old  steel  laterals  had  rusted  so 
badly  that  they  would  not  hold  the  strainers.  The  con- 
troller which  regulates  the  rate  of  filtration  is  of  a  com- 
paratively new  type,  and  operates  on  the  principle  of 
maintaining  a  constant  head  over  an  orifice,  which,  by 
means  of  a  cone  shaped  piece  can  be  increased  or  de- 
creased in  size  when  it  is  desired  to  change  the  rate  of 
filtration. 

This  change  in  rate  is  accomplished  by  a  handwheel 
on  the  operating  floor,  but  under  ordinary  conditions 
the  controller  is  set  for  the  normal  rate  of  flow,  and 
maintains  this  rate  until  the  clear  water  reservoir  is 
filled  to  a  pre-determined  level,  when  the  controller  be- 
gins to  throttle  the  discharge  from  the  filter  very  slowly, 
and  continues  to  do  so  until  the  water  in  the  clear  water 
reservoir  rises  about  9  in.,  when  the  controller  completely 
shuts  off  the  flow  from  the  filter. 

As  soon  as  the  water  is  lowered  in  the  clear  water 
reservoir  by  pumping,  the  filter  automatically  begins  op- 
eration again. 


The  plant  was  designed  by  E.  E.  Harper,  Consulting 
Engineer  of  Kansas  City,  Mo.,  and  the  mechanical  equip- 
ment of  the  filter  plant  was  furnished  and  installed  by 
the  Pittsburgh  Filter  Mfg.  Co. 


PRACTICE   IN   THE   REMOVAL   OF   IRON    FROM 
xMUNICIPAL  WATER  SUPPLIES.* 

While  the  number  of  iron-removal  plants  in  the  United 
States  is  small,  the  character  of  the  water  from  which 
the  iron  is  removed  varies  so  widely  that  almost  every 
method  of  iron  removal  may  be  found  in  practical  op- 
eration. 

The  first  deferrization  plant  in  this  country  was  built 
in  1890,  at  Asbury  Park,  N.  J.  The  water  was  pumped 
directly  from  the  wells  to  the  filters,  and  the  removal 
of  iron  was  not  complete  because  of  a  lack  of  sufficient 
aeration.  At  the  present  time  this  water  is  given  par- 
tial aeration  by  being  pumped  into  an  open  tank,  and 
after  an  Hour's  sedimentation  it  is  forced  through  a  pres- 
sure filter.  This  filter  consists  of  two  tanks,  one  con- 
taining 6  in.  of  gravel  and  21/2  ft.  of  sand;  the  other,  3 


•Extract    from    Engineering   Bulletin    No. 
by   James   W.    SchAab,   L<awrence,   Kan. 


University    of    Kansas. 


248 


E  X  (;  I  X  E  E  R  I  N  G 
AND      COXTRACTING 


ft.  of  boneblack.  The  water  passes  through  the  sand  filter 
first  and  then  through  the  charcoal.  The  filter  is  op- 
erated at  a  rate  of  5  gal.  per  scjuare  foot  of  filtering  sur- 
face per  minute.  The  raw  water  contains  1.1  p. p.m.  iron, 
97  per  cent  of  which  is  removed  by  this  treatment.  A 
similar  plant  is  in  operation  at  Atlantic  Highlands,  N.  J. 

An  iron-removal  plant  has  been  in  operation  at  Far 
Rockaway,  N.  Y.,  since  1896.  The  water,  which  contains 
about  2.4  p. p.m.  iron,  is  partially  aerated  and  then  fil- 
tered. The  method  of  aeration  is  simple.  The  pipe 
through  which  the  raw  water  is  brought  to  the  filters 
stands  vertically,  with  the  open  end  several  feet  above 
the  water.  Sufficient  oxygen  is  furnished  to  the  water 
as  it  falls  over  the  edge  and  down  the  sides  of  the  pipe 
to  the  filter.  Slow  sand  filters  are  used,  and  the  iron 
removal  is  complete. 

The  water  supply  of  the  city  of  Urbana,  111.,  contains 
about  2  p. p.m.  of  iron.  Before  the  completion  of  an  iron 
removal  plant,  in  1913,  the  water  furnished  was  of  a 
very  poor  quality,  due  mainly  to  growths  of  Crenothrix 
in  the  distribution  system.  At  present  the  water  sup- 
plied to  the  city  is  entirely  satisfactory,  the  Crenothrix 
having  disappeared  from  the  mains.  The  water  is  pumped 
from  the  wells  to  a  raw-water  reservoir,  where  some 
aeration  is  obtained  as  it  is  discharged  into  the  reservoir. 
From  this  reservoir  the  water  is  pumped  to  the  filters. 
It  is  discharged  into  the  filter  through  an  orifice  at  the 
end  of  a  vertical  pipe,  rising  as  a  jet  and  dropping  ver- 
tically to  the  surface  of  the  water  in  the  filter.  As  a 
result  of  this  added  aeration,  the  water  is  practically 
saturated  with  oxygen  when  it  reaches  the  filter.  No 
coagulants  are  added,  since  the  precipitate  of  ferric  hy- 
droxide gives  sufficient  "floe"  for  the  operation  of  the 
rapid  sand  filter.  By  this  treatment  85  to  90  per  cent 
of  the  iron  is  removed. 

At  Superior,  Wis.,  water  containing  about  1.5  p. p.m. 
of  iron  is  taken  from  wells  sunk  40  ft.  in  the  sand  on 
the  shores  of  the  lake.  Before  the  water  was  purified 
it  supported  growths  of  Crenothrix  and  ferric  hydrox- 
ide precipitated  in  the  mains.  The  original  installation 
(1899)  consisted  of  an  aerator  of  the  tray  type,  and  a  sand 
filter.  The  aerator  was  made  up  of  two  tiers  of  four  trays 
each,  the  trays  being  spaced  2  ft.  apart.  The  bottom 
tray  was  made  of  a  steel  plate  V4  in.  thick,  punched  with 
%-in.  holes.  The  water  was  delivered  to  the  top  trays 
and  fell  over  the  edge  of  these  trays  onto  the  ones  im- 
mediately below  them,  and  so  on  down,  finally  streaming 
through  the  perforated  bottoms  of  the  lower  trays.  This 
aerator  was  very  efficient.  It  left  the  water  saturated 
with  oxygen  and  practically  free  from  carbon  dioxide. 
The  aerated  water  was  filtered  at  a  high  rate  (ten  to 
fifteen  million  gallons  per  acre  per  day)  through  slow 
sand  filters.  The  treatment  gave  only  fairly  good  results. 
The  water  no  longer  supported  Crenothrix,  and  very 
little  iron  precipitated  in  the  mains;  but  it  had  a  pro- 
nounced color,  and  analyses  showed  almost  1  p. p.m.  iroja. 
In  1906  experiments  were  carried  out  by  W.  C.  Lounsberry 
which  showed  that  if  the  water  were  carried  directly 
onto  the  filters,  with  no  aeration  aside  from  that  due  to 
leaky  valves,  the  removal  of  iron  was  much  more  complete 
and  the  color  was  almost  absent  in  the  filtered  water. 
Since  that  time  the  water  has  been  filtered  without 
aeration,  and  is  entirely  satisfactory.  In  this  case  carbon 
dioxide  and  very  slight  excess  of  dissolved  oxygen  are 
necessary  to  obtain  results.  The  color  is  due  probably  to 
some  obscure  combination  of  iron  which  forms  readily  in 
the  presence  of  oxygen  if  carbon  dioxide  is  absent,  or 
present  only  in  very  small  amounts.  Iron-removal  plants 
using  the  same  method  that  was  first  tried  at  Superior, 
Wis.,  are  in  operation  at  Red  Bank,  N.  J.;  Richmond,  Mo.; 
Garrettsville,  Ohio;  Shelby,  Ohio:  and  North  Kansas  City, 
Mo.  A  similar  plant  at  Excelsior  Springs,  Mo.,  is  in 
pr<^r"«s  of  construction,  and  plans  for  another  have  been 
sul"-   ■'♦^ed  *o  the  city  of  Manhattan,  Kan. 

T"    ce  p'nnts   differ  chiefly  in  the  construction  of  the 

•-^o  A*-  Red  Bank,  N.  J.,  the  pipe  carrying  the  water 

*  ""-  "5  stand's  vertically  several  feet  above  the  water 

■    lie  e»f'  '-<'  tViis  pipe  is  closed.    The  sides  are 


perforated  with  '/i-in.  holes,  the  water  being  forced  from 
these  holes  in  jets,  giving  sufficient  aeration. 

The  tray  type  of  aerator  is  used  at  Richmond,  Mo. 
Four  trays,  each  2  ft.  by  6  ft.  deep,  are  superimposed  so 
that  there  is  a  vertical  distance  of  2  ft.  between  each  tray. 
The  bottoms  of  the  trays  are  made  of  wire  net,  and  sup- 
port a  galvanized  iron  plate  punched  with  Vs-in.  holes 
spaced  ^:;-in.  apart.  The  water  is  delivered  to  th>;  top  tray 
and  falls  in  thin  streams  through  it  and  the  lower  trays. 
A  similar  aerator  is  in  operation  at  Liberty,  Mo. 

Aeration  is  furnished  at  Garrettsvlle,  Ohio,  where  the 
water  at  the  point  of  discharge  into  the  settling  basin 
falls  from  a  vertical  pipe  over  the  edge  of  the  pipe  and 
down  its  sides  onto  an  umbrella-shaped  device  4  ft.  in 
diameter.  The  water  falls  5  ft.  from  the  edges  of  the 
"umbrella"  to  the  surface  of  the  water  in  the  settling 
basin. 

The  plans  for  the  plant  at  Excelsior  Springs,  Mo.,  call 
for  an  aerator  of  the  tray  type.  It  differs  from  the  one  at 
Richmond,  Mo.,  in  that  the  water,  instead  of  streaming 
through  the  perforated  bottoms  of  the  trays,  falls  in  thin 
sheets  from  the  edge  of  one  tray  to  the  tray  below  it. 

In  some  cases  the  iron  content  of  a  water  is  of  great 
assistance  in  the  removal  of  color.  This  is  the  case  at 
Miraflores,  in  the  Panama  Canal  Zone.  The  supply  is 
taken  from  Miraflores  lake.  The  raw  water  contains  0.8 
to  2.5  p. p.m.  iron,  is  colored,  and  has  an  objectionable 
odor,  due  to  the  hydrogen  sulphide  gas  formed  by  the 
decaying  vegetable  matter  present.  Very  thorough  aera- 
tion is  necessary  in  order  to  eliminate  the  odors,  and  this 
treatment  precipitates  the  iron.  The  coagulation  of  the 
ferric  hydroxide  helps  in  removing  the  color  by  reducing 
the  amount  of  sulphate  of  aluminum  which  must  be  added 
to  effect  a  complete  removal.  This  assistance  is  vital  in 
waters  of  low  alkalinity  and  high  color.  The  aeration  is 
furnished  by  means  of  sprays.  One  hundred  and  five 
specially  designed  nozzles  are  spaced  equally  distant  over 
an  aeration  basin  86  by  125  ft.  in  area.  Water  is  forced 
from  these  nozzles  with  sufficient  pressure  to  cause  it  to 
rise  to  a  height  of  15  to  20  ft.  in  the  form  of  a  very  fine 
spray.  After  aeration  the  water  is  led  into  a  baffled 
sedimentation  basin,  sulphate  of  alumina  is  added,  and  the 
water  is  passed  through  rapid  sand  filters. 

In  all  of  these  cities,  with  the  exception  of  Superior, 
Wis.,  no  difficulty  was  experienced  in  causing  the  ferric 
hydroxide  to  precipitate  when  sufficient  time  was  allowed 
for  coagulation  after  aeration.  This  is  not  always  the 
case.  There  are  several  water  supplies  in  the  United 
States  which  contain  iron  in  such  amounts  that  purifica- 
tion is  necessary  and  in  which  iron  will  not  coagulate 
after  aeration.  At  the  present  time  there  are  two  methods 
of  removal  which  have  been  successful  in  the  treatment 
of  such  waters:  lime  and  sulphate  of  aluminum  may  be 
added,  or  in  most  cases  the  coagulation  may  be  brought 
about  by  a  suitable  period  of  contact  with  some  rough 
material  such  as  coke. 

The  city  of  Reading,  Mass.,  is  furnished  with  water 
originally  containing  about  9  p.p.m.  iron,  and  which  is 
secured  from  filter  galleries  placed  in  the  water-bearing 
gravel  in  the  banks  of  the  Ipswich  River.  It  contains 
also  varying  amounts  of  humus  substances  with  which 
iron  will  combine  under  certain  conditions,  and  this  com- 
bination is  not  broken  up  by  aeration,  as  it  is  formed 
more  readily  in  the  absence  of  carbon  dioxide.  Since 
the  building  of  the  filter  galleries  in  1890,  various 
methods  of  purification  have  been  tried.  At  the  present 
time  lime  and  sulphate  of  aluminum  are  used.  The  iron 
content  is  reduced  from  9.4  p.p.m.  to  0.05  p.p.m.  by  the 
addition  of  0.9  pound  of  lime  per  1,000  gal.  and  2  to  2\'o 
grains  of  sulphate  of  aluminum  per  gallon,  followed  by 
rapid  filtration. 

The  water  supply  for  the  city  of  Colon,  Panama,  con- 
tains about  2  to  3  p.p.m.  iron.  The  iron  is  held  in  sus- 
pension by  the  organic  matter  present  in  the  water.  Be- 
fore the  method  now  in  use  was  adopted,  this  suspension 
of  ferric  hydroxide  would  rapidly  clog  the  filters.  To 
remedy  this  situation  a  coagulation  basin  was  built,  and , 
the  water  was  treated  with  1  to  1.5  grains  of  aluminum 


September  13,  1916 
Vol.    X  LVI.     No.    11 

sulphate  per  gallon.  A  great  part  of  the  aluminum 
hj'droxide  precipitates  settles  out,  taking  the  iron  with 
it.  The  work  of  the  filters  has  been  much  more  satisfac- 
tory, and  the  effluent  is  colorless  and  free  from  iron. 

In  many  cases  the  action  of  those  substances  which  in- 
terfere with  the  precipitation  of  iron  from  water  may 
be  neutralized  by  contact  with  a  rough,  porous  material. 
This  method  of  bringing  about  coagulation  of  the  ferric 
hydroxide  is  the  latest  of  the  several  methods  of  iron 
removal  to  be  used  in  the  United  States. 

In  June,  1914.  Mr.  R.  S.  Weston  published  experimen- 
tal results  showing  the  action  of  contact  with  coke  in 
removing  iron  from  water  in  which  organic  matter  and 
manganese  acted  as  interfering  substances.  Results 
were  given  on  waters  from  three  New  England  cities, 
and  in  each  case  the  iron  was  held  in  colloidal  suspen- 
sion by  different  substances.  At  Cohasset,  Mass.,  or- 
ganic matter  kept  the  iron  from  coagulating  after  oxida- 
tion. Limited  aeration,  followed  by  a  short  period  of 
submerged  contact  with  coke,  was  shown  experimentally 
to  be  the  necessary  treatment,  and  the  period  of  sub- 
merged contact  with  coke  varied  with  the  season  of  the 
year.    The  effluent  was  filtered  through  sand. 

At  Brookline,  Mass.,  both  organic  matter  and  man- 
ganese interfere  with  the  precipitation  of  ferric  hydrox- 
ide. In  this  case  a  satisfactory  removal  was  effected  by 
allowing  the  water  to  trickle  through  10  ft.  of  coarse 
coke  at  a  rate  of  75,000,000  gal.  per  acre  per  day,  fol- 
lowed by  filtration  through  sand  at  the  rate  of  10,000,000 
gal.  per  acre  per  day. 

Manganese  interfered  at  Middleboro,  Mass.  Satisfac- 
tory iron  removal  was  impossible  until  conditions  were 
such  that  manganese  was  removed  along  with  the  iron. 
This  was  brought  about  by  completely  aerating  the  water 
by  trickling  it  through  10  ft.  of  coke.  After  a  period 
of  sedimentation  the  water  was  filtered.  As  a  result 
of  these  experiments,  a  plant  was  installed  for  treating 
the  entire  supply. 

An  experimental  plant  was  set  up  at  Lowell,  Mass., 
in  1913,  to  determine  the  most  satisfactory  method  of  re- 
moving iron  and  manganese  from  the  city  water.  As 
the  result  of  a  long  series  of  experiments,  it  was  found 
that  a  satisfactory  removal  was  brought  about  by  lim- 
ited areation,  followed  by  submerged  contact  with  coke. 
The  coke  prefilter  was  8  ft.  in  depth  and  the  v/ater  was 
applied  at  a  rate  of  67,500,000  gal.  per  acre  per  day.  Tha 
effluent  from  the  prefilter  was  filtered  through  a  sand 
filter  at  a  rate  of  10,000,000  gal.  per  acre  per  day. 


STUDIES  OF  CHARACTER  AND  RATE  OF  SILT- 
ING OF  ELEPHANT  BUTTE  RESERVOIR, 
U.  S.  RECLAMATION  SERVICE.* 

A  study  of  the  silt  problem  at  Elephant  Butte  Reservoir 
was  made  by  Messrs.  R.  R.  Goghlan,  cement  chemist,  and 
Victor  E.  Lieb  during  March  and  April,  1916.  The  in- 
vestigation was  undertaken  with  the  idea  of  determining 
the  weight  of  moisture-free  sediments  in  a  cubic  foot  of 
deposited  material  as  found  on  the  reservoir  bottom  and 
the  probable  sequence  of  deposition  of  such  sediments. 
With  these  points  established,  the  rate  of  accumulation  of 
sediment  in  the  reservoir  can  be  approximated  by  study 
of  inflow  and  sediment  percentage  records.  In  the  fol- 
lowing notes  an  attempt  will  be  made  to  state  briefly  the 
methods  employed  and  to  summarize  the  more  important 
data  given  in  Mr.  Coghlan's  report,  particularly  as  they 
bear  on  the  general  subject  of  silting  of  reservoirs. 

In  figuring  the  probable  "service"  of  reservoirs  proj- 
ected on  the  Rio  Grande,  various  investigators  have  sup- 
plied figures  for  the  weight  of  a  cubic  foot  of  compacted 
dry  sediments  varying  from  53  to  90.89  lb.  Various  esti- 
mates of  the  weight  of  a  cubic  foot  of  silt  for  rivers  other 
than  the  Rio  Grande  range  from  33.4  to  140  lb.  The  latter 
weight  was  attained  on  a  river  in  India  and  is  quoted  by 
Parker  in  his  treatise  on  "The  Control  of  Water."  As 
defined  by  Mr.  Follett,  in  his  report  to  the  State  Depart- 
ment on  "Silt  in  the  Rio  Grande,"  which  is  a   compre- 
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hensive  and  complete  compilation  of  the  data  on  stream 
flow  and  silt  content  of  the  river  from  1889  to  1913,  "the 
Rio  Grande  silt  contains  no  sand  coarse  enough  to  be  per- 
ceptible. It  is  composed  of  finely  desiccated  and  almost 
impalpable  clay  and  alluvium  and  it  settles  slowly." 

The  silt  beds  for  sampling  were  so  selected  that  the 
samples  should  be  typical  and  as  representative  of  aver- 
age conditions  as  possible.  The  samples  were  taken  from 
bars  deposited  in  the  lake  during  the  high  water  of  June 
and  July,  1915,  during  which  time  an  elevation  of  4,321.81 
ft.  was  attained  at  the  head  of  the  lake.  The  sampling 
was  undertaken  in  March,  1916,  when  these  bars  were 
entirely  exposed  excepting  along  a  channel  in  which  the 
river  was  then  flowing.  The  lake  had  receded  to  elevation 
4,312.7  at  this  time.  The  bars  were  located  in  the  "Box 
Canyon,"  about  15  miles  upstream  from  the  Elephant 
Butte  dam.  During  the  high  water  of  1915  the  river  was 
entering  the  lake  at  the  upper  end  of  the  canyon,  and  the 
lake  remained  at  this  elevation  for  about  two  months. 

Samples  of  the  moist  bank  silt  were  obtained  by  clear- 
ing off  the  surface  coating,  cutting  an  approximate  prism 
of  the  silt,  removing  the  surrounding  material,  and  insert- 
ing a  thin  piece  of  sheet  iron  or  glass  beneath  the  speci- 
men which  was  then  rapidly  brought  to  shape,  accurately 
measured,  and  weighed  in  a  balance  scale,  reading  to  0.1 
gram.  A  sample  was  then  taken  from  the  interior  of  the 
specimen  and  placed  in  a  hermetically  sealed  bottle  to  be 
used  for  moisture,  specific  gravity,  and  other  determina- 
tions in  the  laboratory.  Great  care  and  diligence  were 
used  to  prevent  evaporation  and  loss  of  particles  through 
the  agency  of  sun  and  wind. 

Another  method  of  sampling  was  tried  similar  to  that 
used  in  previous  investigations  by  Mr.  Fenz.  An  ac- 
curately calibrated  tin  cylinder  was  forced  into  the  silt 
until  flush  and  then  removed  by  excavating  the  surround- 
ing material.  The  ends  were  trimmed  and  the  cylinder 
and  its  contents  weighed.  The  weight  of  the  cylinder 
being  deducted,  the  remaining  value  should  accurately 
represent  the  weight  of  that  volume  of  silt.  In  sampling 
a  compact  bank,  however,  if  the  edge  encountered  a 
pebble  or  stick,  the  pressure  necessary  to  force  in  the 
cylinder  was  sufficient  to  dis1;ort  the  end,  and  only  with 
exceptionally  clean  silt  or  a  bank  completely  saturated 
can  this  method  be  used  satisfactorily. 

In  the  laboratory,  moisture  was  determined  by  quickly 
and  accurately  weighing  a  portion  of  each  sample  from 
the  sealed  bottle  into  a  tared  nickel  crucible  and  drying 
for  five  hours  in  an  electrically  heated  oil  oven  at  110" 
C,  a  temperature  sufficient  to  remove  all  hygroscopic 
water,  but  insufficient  to  expel  the  chemically  combined 
water,  or  to  break  up  carbonates  or  organic  matter.  The 
desiccated  samples  were  then  cooled  over  fused  calcium 
chloride  and  quickly  weighed.  The  percentage  of  moist- 
ure was  then  calculated. 

The  specific  gravity  was  obtained  by  taking  equal 
amounts  from  each  dried  sample  and  carefully  mixing 
them;  55  grams  of  this  composite  were  then  weighed  out 
and  carefully  and  slowly  introduced  into  a  Le  Chatelier 
standard  specific  gravity  bottle  filled  to  the  zero  mark 
with  distilled  water.  The  determination  was  made  with 
but  little  difference  in  temperature  between  the  filled  bot- 
tle and  the  sample,  and  each  determination  took  an  hour 
to  prmit  the  escape  of  the  large  amount  of  air  entrained 
by  the  silt.  Failure  to  remove  this  air  would  result  in  an 
error  amounting  to  at  least  4  per  cent.  Fineness  of  the 
silt  particle.s  was  determined  by  the  regular  method  ad- 
vocated by  the  Bureau  of  Standards  for  determining  the 
fineness  of  cement. 

Samples  of  water  at  different  points  were  taken  by  the 
use  of  a  tilting  bottle,  which  could  be  filled  at  any  desired 
depth;  three  samples  being  taken  at  each  depth  and  com- 
bined. At  first  an  attempt  was  made  to  determine  the 
amount  of  silt  by  sedimentation  in  calibrated  glass  cylin- 
ders, but  it  was  quickly  apparent  that  this  method  was 
inaccurate  and  unsatisfactory  because  of  the  high  per- 
centage of  coUodial  material  which  compacted  with  ex- 
treme slowness.  This  method  was  replaced  by  that  of 
direct  weighing.    The  sample  was  thoroughly  shaken  and 
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100  cubic  centimeters  quickly  withdrawn  with  a  pipette 
and  evaporated  to  dryness  in  a  tarred  beaker,  giving  the 
percentage  by  weight;  this  being  further  corrected  for 
the  amount  of  dissolved  solids  present  in  the  water  of 
the  sample.  This  method  is  accurate  and  quick,  and  the 
only  means  of  arriving  at  the  true  percentage,  as  it  is  in- 
dependent of  voids,  specific  gravity,  and  other  factors 
involved  in  a  volume  determination  of  a  comminuted  solid 
or  mixture  of  solids. 

Samples  from  the  silt  beds  were  taken  at  three  differ- 
ent localities,  the  first  about  15  ft.  from  the  river  and 

1  ft.  above  it,  the  second  65  ft.  from  the  river  and  at  a 
slightly  higher  elevation,  and  showing  unmistakable  signs 
of  having  been  exposed  longer,  both  about  1  mile  above 
the  delta,  and  the  third  at  a  point  about  2  miles  above 
the  delta,  from  a  bank  about  20  ft.  from  the  water  and  1 
ft.  above.  Results  from  17  samples  from  these  three  lo- 
cations are  tabulated  by  Mr.  Coghlan.  The  significant 
values  in  the  detailed  tabulation  may  be  arranged  as 
follows : 

Maximum.  Minimum.  Average. 

Weipht   per   cubic   foot   natural   state 124.31         96.68  104.75 

Percentage   moisture    20.  S9  4.45  11.56 

\S"eisht  per  cubic  foot  dry  state 101.18         S7.90  92.34 

Specific     Kravitv     2.657         2.590  2.642 

Percentage    of   voids    46.57         38.97  43.99 

The  fineness  of  grain  of  the  samples  from  these  loca- 
tions is  given  in  the  following  table: 

Location  Location  Location 

Sieve.                                                               A.                     B.  C. 

Per  cent.  Per  cent.  Per  cent. 

Passing    No.     200 88.14                 79,64  76.56 

Passing     No.     100 99.78                 99.64  99.29 

An  ever-present  characteristic  of  the  banks  was  a  sur- 
face deposit  of  from  3  to  5  ins.  of  a  dark  red  unctious 
mud  which  could  be  molded  readily  when  moist,  but 
which  was  quite  dense  and  coherent  in  structure  when 
dry.  Below  this  light  layer  of  mud  is  the  silt  proper; 
brownish  in  color  when  slightly  moist  and  gray  when 
saturated.  That  these  deposits  are  of  two  distinct  types 
is  shown  by  the  following  partial  analyses  of  samples 
of  moisture-free  silt  and  moisture-free  surface  covering: 

Argillaceous 

Silt.  covering. 

Per  cent.  Percent. 

Total    silica.     SiO- 74.44  4S.96 

Iron    and    Fe20s )    12. 7S  27.96 

Alumina.     .\I0O3     | 

Calcium     oxide     3.48  4.20 

^Magnesium    oxide    1.91  3.15 

Loss    on    ignition    3.12  2.S5 

The  covering  is  essentially  argillaceous,  while  the  silt 
proper  is  a  mixture  of  quartz  and  feldspathic  material 
and  some  argillaceous  material,  which  on  account  of  the 
rapidity  of  deposition  on  reaching  quiet  water  is  en- 
trained with  the  other  two.  The  remarkable  uniformity 
in  the  amount  of  argillaceous  material  present  is  shown 
by  the  following  proximate  analyses  of  two  silt  samples 
about  a  mile  apart: 

Sample  A.  Sample  B. 
Per  cent.         Percent. 

Argillaceous  .material    16.S0  16.62 

Feldspathic  material    26.40  30.53 

Quartz     56.80  -       52.85 

100.00  100.10 

Tests  of  the  water  samples  talcen  show  percentage  of 
silt  by  weight  varying  as  follows : 

Discharge.  Discharge. 
7.000  4.000 
second-.  second- 
feet,  feet. 
Per  cent.  Per  cent. 
Smiles    above    delta    0.498-0.560 

2  miles  above  delta 1.090-1.660 

At   delta    1.015-1.053  .113-  .355 

1    mile    below    delta    030-  .277  .0032 

The  variation  in  percentage  at  each  particular  locality 
depends  upon  depth  at  which  the  samples  were  taken, 
the  minimum  amount^  being  near  the  surface.  In  the 
river  and  delta  channels  the  silt  is  carried  in  approxi- 
mately the  maximum  percentage  throughout  the  lower 
half  of  the  stream  section.  The  water  samples  taken  at 
the  delta  show  less  silt  by  weight  than  those  in  the  flow- 
ing river  above,  but  the  ratio  of  volume  to  weight  is  30 
per  cent  greater.  The  results  shown  in  this  table  indi- 
cate that  the  shallow  water  of  the  delta  receives  nearly 
the  entire  load  of  silt.  During  the  7,000  sec. -ft.  dis- 
charge in  March,  the  delta  channel  carried  about  5  ft. 
depth  of  water,  with  many  shoals  of  hard  compact  silt, 
free  from  mud  where  near  the  surface.  Muddy  water  was 
visible  about  200  ft.  out  into  the  lake. 


The  tests  show  that  as  the  silty  water  approaches  the 
delta  it  becomes  increasingly  freer  from  silt  and  the  re- 
maining material  becomes  more  argillaceous  in  charac- 
ter, until  that  which  passes  over  the  delta  is  almost  pure 
clay.  One  mile  below  the  delta  samples  were  taken  at  in- 
tervals of  5  ft.  from  the  surface  down  to  30  ft.  depth. 
The  water  was  only  slightly  turbid  and  nothing  resem- 
bling silt  was  encountered  until  the  bottle  sank  into  a 
rich  red  ooze  of  pure  clay.  The  percentage  of  silt  shown 
by  the  composite  sample  of  water  was  0.0032  per  cent 
by  weight,  an  insignificant  amount.  This  ooze  is  evi- 
dently the  dark-red  surface  deposit  which  was  mentioned 
above  and  y/hich  is  deposited  in  a  thin  coating  over  the 
silt  beds  as  the  reservoir  rises  and  the  delta  moves  up- 
stream. During  periods  when  the  water  level  in  the 
reservoir  is  falling  the  river  ordinarily  has  small  dis- 
charge and  forms  a  comparatively  narrow  channel 
through  these  beds,  leaving  the  greater  part  of  the  sur- 
face coating  as  it  was  deposited  until  the  reservoir  again 
rises  and  the  heavier  delta  silt  is  deposited  upon  it  at  the 
same  stage  that  the  first  beds  were  formed.  As  long  as 
this  ooze  remains  submerged  there  is  little  possibility  of 
consolidation.  We  have  evidence  that  such  material  can 
attain  a  dry  weight  of  94  lb.  per  cubic  foot,  or  more  when 
long  enough  exposed  to  sun  and  air. 

A  statement  forecasting  the  service  life  of  the  Ele- 
phant Butte  Reservoir  from  the  data  at  hand  is  question- 
able at  best,  but  a  surmise  will  not  be  amiss.  The  avail- 
able storage  capacity  of  the  reservoir  is  computed  at 
2,638,860  acre-feet.  Using  the  records  of  flow  and  per- 
centage of  silt  which  passed  San  Marcial,  N.  Mex.,  from 
1897  to  1912,  inclusive,  computed  by  Mr.  Follett,  and 
the  weight  of  92.34  lb.  of  dry  silt  per  cubic  foot  of  de- 
posit, we  find  the  average  annual  inflow  of  silt  into  the 
reservoir  area  during  that  period  was  11,336  acre-feet. 
Based  on  this  figure,  the  probable  life  of  the  reservoir 
may  be  computed  as  approximately  233  years.  This  may 
be  influenced  by  variable  and  unknown  conditions.  It 
might  be  predicted  that  with  the  reservoir  silted  to  half 
of  its  capacity  and  with  the  delta  toe  approaching  the 
dam,  a  succession  of  dry  years  in  the  river  above  the 
reservoir  would  not  mean  a  cessation  of  water  from  the 
reservoir,  as  the  44  per  cent,  more  or  less,  of  voids  in  the 
silt  would  insure  a  steady  supply  of  seepage  water  which 
would  add  materially  to  the  flow. 


PERSONALS. 

A.  O.  Wolff  has  been  appointed  Resident  Engineer  of  the  Canadian 
Pacific  Ry.  with  headquarters  at  Chapleau.  Ont. 

Ross  Miller  has  been  appointed  engineer  of  the  South  Dakota 
Railroad  Commission,   succeeding  J.   E.   Lone,   resigned. 

F.  B.  Tapley  has  l)een  appointed  .\ssistant  Engineer  of  th.i  Ca- 
nadian Government  Rys.  with  headquarters  at  Moncton.   N.   B. 

D.  K.  Caldwell  has  been  appointed  engineer  of  Caddo  Parish. 
Louisiana,  to  succeed  J.  T.  BuUen,  whose  resignation  is  mentioned 
elsewhere    in    this    column. 

Thomas  L.  Goldie.  formerly  Assistant  City  E'ngineer  of  Regina, 
Sasi<..  died  -Aug.  2S  at  Manchester.  England,  from  infective  Jaundice, 
acquired  while  ser\*ing  as  gunner  in  the  16th  Battery,   C.  F.   A. 

Lieut.  Col.  tl.  X.  Ruttan.  formerly  city  engineer  of  Winnipeg.  IMan., 
and  later  con.'^ulting  engineer  for  the  city,  has  been  promoted  to 
Brigadier  General.  Mr.  Riittan  for  s'onie  time  has  been  District  Offi- 
cer commanding  at  Winnipeg. 

Frank  M.  Veatch  has  been  appointed  Superintendent  of  the  water 
purification  plant  of  the-  .American  Water  Worlds  &  Electric  Co.  at  East 
St.  Louis.  111.  Mr.  Veatch  sei'ers  his  connection  as -Assistant  Engineer 
of  the  Kansas  State  Board  of  Health  on  Oct.   1. 

.1.  T.  Bullen,  formerly  Senior  Engineer  of  the  V.  S.  Office  of  Public 
Roads,  aind  later  Parish  Engineer  of  Caddo  Paris'h,  Louisiana,  has 
resigned  to  become  highway  engineer  of  road  districts  in  Raleigh 
County,  West  Virginia,  which  are  planning  the  expenditure  of 
$850,000. 

Aoplications  will  be  r«;eived  until  Sept.  21  by  R.  C.  Campbell,  City 
Clerk  of  Sault  Ste  Marie,  Ont..  for  a  manager,  qualified,  with  com- 
mercial and  executive  experience,  to  manage  municipal  water  works 
and  electric  light  system.  Civil  engineer  with  electrical  e^jperience 
is  preferred  in  view  of  alterations  contemplated  to  water  works  system. 

-Arthur  H.  Halloran  (vice-piesident  and  managing  editor.  Journal 
of  Electricity,  Power  and  Gas)  has  been  appointed  Pacific  Coast 
representative  of  The  Society  for  Electrical  Development.  Mr.  Hallo- 
ran's  headquarters  will  be  in  the  Crossley  Building,  San  Francisco. 
Cal.  Mr.  Halloran  will  repres'ent  the  Society  in  the  states  of  Cali- 
fornia.  Arizona,    Nevada.    Utah,    Idaho.   Oregon   and   Washington. 
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INDUSTRIAL   NOTES. 

The  general  offices  of  the  O.  F.  Jordan  Co..  manufacturers  of 
Jordan  Spreaders  and  railway  specialties,  have  removed  from  332  S. 
Michigan  Ave.,  Chicago,  to  Chicago  and  Kennedy  Aves.,  East  Chi- 
cago, ind. 

The  Brennan  Engineering  Co..  36  'W.  Randolph  St..  Chicago,  .an- 
nounces that  on  -Aug.  1.  1916,  the  business  was  incorporated  under  the 
r.ame  of  Brennan.  Wahl  Co.  The  company  will  act  as  consulting  en- 
gineers, mechanical,  structural,  chemical  and  manufacturers'  sales 
and    purchasing    agents    for    machinery    and   allied    products. 
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WHY  DO  NOT  ALL  ENGINEERING  COLLEGES 
DEVELOP  READING  HABITS? 

The  implication  in  this  question  is  that  at  least  some 
engineering  colleges  fail  to  develop  in  their  students 
habits  of  sy.stematic  reading.  What  is  the  evidence  that 
many  engineers  cease  systematic  study  after  they  grad- 
uate'? 

Perhaps  the  most  striking  single  fact  is  the  almost  com- 
plete emptiness  of  the  reading  rooms  of  engineering  so- 
cieties. The  editor  was  for  many  years  a  resident  of  New 
York  City.  Upon  his  first  visit  to  the  library  of  the 
American  Society  of  Civil  Engineers  he  was  impressed  by 
the  fact  that  he  found  less  than  a  baker's  dozen  of 
co-users  of  the  books  and  files  of  that  large  and  excellent 
library.  He  has  never  ceased  to  be  impressed  by  the 
fact  that  in  a  city  containing  thousands  of  civil  engineers 
so  few  use  that  library  often.  Glance  over  the  register 
of  those  who  attend  the  library  and  you  will  note  the  re- 
currence again  and  again  of  the  same  names.  This  empha- 
sizes still  more  the  fact  that  the  vast  majority  of  resident 
members  of  this  society  rarely  used  its  books  and  peri- 
odicals. 

The  same  condition  exists  as  to  the  consolidated  library 
of  the  national  societies  of  mechanical,  electrical  and 
mining  engineering.  And,  so  far  as  our  observation  has 
extended,  it  holds  true  also  of  the  libraries  of  local  engi- 
neering societies  and  clubs. 

To  one  seeking  explanation  for  this  seeming  anomaly  it 
appears  likely  that  public  technical  libraries  are  little  used 
because  engineers  have  their  own  private  libraries,  which 
suffice  for  all  ordinary  needs.  But  an  examination  of  the 
private  "libraries"  of  many  engineers  speedily  shatters  any 
such  explanation.  Such  "libraries"  are,  for  the  most  part, 
not  worthy  the  name.  The  few  books  ordinarily  seen  on 
the  shelves  of  an  engineer's  "library"  are  not  only  inade- 
quate in  title  and  scope,  but  most  of  them  are  not  up-to- 
date.  The  same  may  be  said  of  the  libraries  of  nearly  all 
the  railway  and  public  utility  companies,  where  no  excuse 
as  to  lack  of  funds  will  hold. 

We  turn  next  to  the  possibility  that  engineers  have,  in 
general,  found  it  better  to  subscribe  for  engineering  peri- 
odicals than  to  buy  many  books.  Technical  books,  it  is 
often  said,  are  usually  out  of  date  before  they  are  off  the 
press.  While  this  is  not  true,  let  us  assume  that,  like  many 
another  false  but  popular  generalization,  it  is  regarded 
as  true.  If  so,  and  if  engineers  are  usually  studious  after 
graduation,  we  should  find  very  large  circulations  for 
every  good  engineering  periodical.  The  publisher  of  one 
of  the  largest  engineering  papers  recently  told  the  editor 
that  he  had  a  mailing  list  of  100,000  prospective  sub- 
scribers and  an  actual  subscription  list  of  20,000.  This 
accords  closely  with  the  editor's  personal  knowledge  of 
the  field. 

In  our  issue  of  Aug.  30  we  gave  statistics  from  the  last 
r.  S.  census  indicating  that  there  are  today  approximately 
150,000  civil  engineers,  surveyors,  civil  engineering  drafts- 
Tnent  and  contractors  for  civil  engineering  work.  This 
does  not  include  superintendents  and  foremen  who  are  not 
civil  engineers.  The  combined  circulation  of  Engineering 
and  Contracting  and  the  two  other  large  civil  engineering 
weeklies  is  approximately  50,000.  Hence,  for  every  pres- 
ent subscriber  for  these  papers  there  are  at  least  three 
and  probably  more  men  who  should  subscribe! 

Again,  consider  the  significance  of  the  fact  that  none 
of  the  four  great   national   engineering  societies   has   a 


membership  much  exceeding  8,000.  Consider  the  civil  en- 
gineers of  your  own  acquaintance  who  are  not  members 
of  the  American  Society  of  Civil  Engineers.  Making  every 
possible  allowance  for  the  fact  that  many  engineers  feel 
that  they  cannot  afford  to  pay  the  dues  in  such  a  society, 
it  still  remains  almost  a  mystery  that  the  membership  is 
relatively  so  small. 

We  say  it  is  "almost  a  mystery."  The  mystery,  we  think, 
vanishes  when  we  realize  that  engineers  are  more  like 
other  men  than  engineers  have  been  willing  to  concede. 
They  are  not,  as  a  rule,  suflSciently  studious  of  their  prob- 
lems. And  this  brings  us  face  to  face  with  the  question 
that  forms  the  title  of  this  article. 

There  is,  we  fear,  something  radically  wrong  somewhere  ' 
with  the  methods  of  mental  training  that  are  applied  in 
many  if  not  most  of  our  engineering  colleges.  For,  above 
all  things,  the  habit  of  systematically  seeking  for  and 
utilizing  scientific  data  should  be  so  deeply  formed  in 
engineering  students  that  it  will  persist  through  life. 

Prof.  Harold  V.  Bozell,  director  School  of  Electrical 
Engineering  of  the  University  of  Oklahoma,  recently  wrote 
to  the  editor  of  Electrical  World  outlining  a  course  of 
study  of  engineering  periodicals  that  has  been  in  effect 
three  years  in  his  school.    He  says : 

The  course  mentioned  is  an  attempt  to  take  care  of  the  weaknesses 
or  deficiencies  in  training  of  the  engineering  college  and  to  bridge  the 
feap.  in  a  way,  between  tlie  text  and  the  work.  All  magazines  and 
proceedings  of  societies  as  they  are  delivered  at  the  university,  pass 
over  the  desk  of  the  head  of  the  department  of  electrical  engineering, 
who  uses  characteristic  marks  on  the  different  articles,  indicating 
whether  the  article  is  to  be  read  and  discussed,  or  whether  it  is  to 
he   merely  called  to  the  attention  of  the  student. 

All  students  are  required  to  give  thorough  study  to  all  of  the 
periodicals  in  a  given  list,  and  once  a  week,  for  a  period  of  at  least 
two  hours,  the  instructional  force  of  the  department  meets  all  the 
seniors  in  a  general  or  detailed  discussion  of  the  matter  which  has 
appeared  during  the  past  week. 

The  main  benefits  which  have  been  noted  from  this  course  are  a 
development  of  the  viewpoint  of  the  student,  an  intimate  acquaintance 
of  the  student  with  the  engineering  periodicals,  an  added  interest 
in  the  relation  of  engineering  to  the  economic  world  in  general,  and 
nn  added  grasp  of  the  value  and  the  opportunity  of  the  engineer  In 
jiresent-day  affairs. 

Since  the  inauguration  of  this  course,  which  has  now  been  running 
successfully  for  three  years,  all  of  the  graduating  classes  are  unan- 
imous in  their  verdict  as  to  the  benefit  of  the  work — they  view  its 
value  .IS  being  perhaps  greater,  for  the  time  spent,  than  that  of  any 
other  course  in  the  curriculum. 

We  have  quoted  this  interesting  experiment  to  indicate 
one  of  several  means  that  may  be  adopted  to  develop  habits 
of  study  that  will  persist  in  after  life.  But  if  this  or 
any  other  similar  plan  is  adopted,  why  confine  it  to  senior 
students?  Habits  may  be  started  but  are  rarely  formed  in 
a  year.  Four  years  is  none  too  long  a  time  to  create  any 
habit.  The  first-year  students  should  begin  to  search 
systematically  for  usable  information.  They  should  be 
impressed  with  the  fact  that  it  will  not  suffice  to  know 
how  to  reason.  An  engineer  must  also  know  where  to  find 
the  best  and  most  complete  data  with  which  to  reason. 
To  accomplish  this  end  he  should  never  cease  systematic, 
thorough  studying  as  long  as  he  practices  engineering. 


PRESIDENT   WILSON'S   NARROW    CONCEPTION    OF 
ECONOMICS. 

If  public  policies  were  determined  entirely — as  they 
doubtless  are  partially — by  the  opinions  of  editors,  there 
would  soon  be  enacted  a  law  compelling  railway  employees 
to  submit  all  their  grievances  and  claims  to  judicial  de- 
cision,  such,   for  example,   as   the   Interstate    Commerce 
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Commission  would  render.  But  the  country  is  at  least  di- 
rectly ruled  by  professional  politicians  and  not  by  the 
editors  of  the  daily  press.  So,  in  spite  of  the  most  general 
editorial  condemnation  of  the  act,  Congress  and  the  presi- 
dent surrendered  to  the  demands  of  the  railway  labor 
unions ;  and,  under  the  guise  of  enacting  an  eight-hour  day 
law,  railway  trainmen  have  secured  a  25  per  cent  increase 
in  wages. 

In  our  issue  of  June  28,  we  stated  that,  aside  from  the 
tariff,  the  most  important  political  issue  before  the  Amer- 
ican people  was  the  question  of  federal  control  not  only  of 
railway  rates,  but  of  railway  wages  and  conditions  of 
labor.  We  pointed  out  that  none  of  the  party  platforms 
showed  adequate  recognition  of  this  fact.  Yet,  when  Pres- 
ident Wilson  was  recently  confronted  by  the  demands  of 
the  labor  unions,  he  acted  and  spoke  as  if  an  unexpected 
crisis  had  come  upon  the  public  unforeseen  by  anyone. 
The  crisis  had  been  foreseen  for  years  by  every  student 
of  public  rate  making  and  public  regulation  of  railways 
and  other  utilities. 

This  is  not  the  first  time  that  the  president  has  ig- 
nored the  warnings  and  advise  of  experts.  Indeed,  he 
apparently  has  a  natural  antipathy  toward  "expert  ad- 
vice," and  a  self-sufficiency  in  foresight  and  judgment 
that  often  amounts  to  pure  egotism.  In  the  present  in- 
stance this  lack  of  respect  for  the  opinions  of  experts 
on  public  regulation  brought  him  suddenly  at  face  with 
the  gravest  of  problems,  and  with  almost  equal  suddenness 
he  came  to  a  decision  that  was  fundamentally  wrong. 
Never  was  his  lack  of  economic  experience  more  evident. 
Never  was  he  a  greater  slave  to  a  generalization  of  in- 
ordinate breadth. 

When  Woodrow  Wilson  was  president  of  Princeton  Uni- 
versity an  article  from  his  pen  appeared  in  Scribner's 
Magazine,  November,  1909,  entitled  "What  Is  a  College 
For?"  Even  then  his  scant  regard  for  and  still  more 
meager  conception  of  engineering  was  evident;  so  much 
so  that  we  took  exception  to  his  statements  in  an  editorial 
published  in  our  issue  of  November  10,  1909.  Not  only 
because  that  editorial  serves  to  illuminate  President  Wil- 
son's greatest  weakness — a  lack  of  scientific  and  economic 
training — but  because  the  views  on  education,  as  ex- 
pressed in  that  editorial,  need  reiteration  from  time  to 
time,  we  reprint  the  editorial  in  full  in  this  issue. 


"WHAT  IS  A  COLLEGE  FOR?" 

Woodrow  Wilson. 
Our  Answer. 

(Reprinted   from  Engineering  and  Contracting,    Nov.    10,   1909.) 

'In  the  November  Scribner's  Magazine  the  president  of 
Princeton  University,  Mr.  Woodrow  Wilson,  offers  an 
answer  to  the  question  above  displayed.  The  answer 
that  he  offers  is  not  the  less  interesting  because  it  lacks 
novelty,  for  novelty  is  hardly  possible  in  any  educational 
subject.  Particular  interest  to  the  graduate  of  an  en- 
gineering college  will  be  found  in  the  following  utterance 
of  Mr.  Wilson: 

There  should  be  technical  schools,  a  great  many,  and  the  technical 
schools  of  America  should  be  among  the  best  in  the  world.  The  men 
they  train  are  indispensable.  The  modern  world  needs  more  tools  than 
managers,  more  workmen  than  master  workmen.  But  even  the  tech- 
nical schools  must  have  some  thought  of  mastery  and  adaptability  in 
their  processes;  and  the  colleges,  which  are  not  technical  schools, 
should  think  of  that  chiefly.  We  must  distinguish  what  the  college 
is  for,  without  disparaging  any  other  school,  of  any  other  kind.  It  is 
for  the  training  of  men  who  are  to  rise  above  the  ranks. 

It  is  clear  from  this  quotation  (the  last  sentence  of 
which  we  have  emphasized),  as  well  as  from  other  parts  of 
his 'discussion,  that'Mr.  Wilson  does  not  recognize  any  such 
thing  as  an  "engineering  college."  There  is,  in  his  con- 
ception of  the  word  college,  only  one  class  of  college, 
whose  scope  is  fairly  well  indicated  by  his  citation  of 
"philosophy,"  "some  one  of  the  great  sciences,"  "some  one 
of  the  great  languages  which  carry  the  thought  of  the 
world,"  "history,"  and  "politics,"  as  being  the  principal 
things  in  which  a  college  man  should  be  grounded. 

In  brief,  he  throws  all  engineering  colleges  into  the 
c'pss  which  he  denominates  "technical  schools."  When 
this   is   appreciated,  there  is  certainly  small  flattery  to 
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engineers  in  the  conclusions  that  they  will  draw  from 
his  words  above  quoted. 

Mr.  Wilson  regards  the  "technical  schools"  as  factories 
that  produce  "tools,"  whereas  the  "college"  is  a  place  to 
train  the  "master  craftsmen,"  who  will  wield  these  human 
tools. 

We  agree  wholly  with  Mr.  Wilson's  conclusion  that  a 
college  is  a  place  for  training  men  to  be  leaders,  but  we 
submit  that,  having  prescribed  this  test  of  what  a  col- 
lege should  be,  there  is  but  one  way  to  determine  what  a 
college  really  is,  and  that  is  to  find  whether  its  graduates, 
have  attained  positions  "above  the  ranks."  By  this  test, 
every  good  engineering  "school"  is  entitled  to  the  name 
of  college.  For  what  one  among  them  has  not  graduated 
scores  of  men  who  are  leaders  in  the  industrial  world? 
The  list  of  alumni  of  any  established  college  of  mechani- 
cal engineering  brings  surprise  after  surprise  when  names 
familiar  in  the  manufacturing  world  are  found. 

In  the  mining  world  the  surprises  are  only  less  frequent 
because  the  number  of  graduates  from  mining  colleges 
is  fewer;  but  when  one  comes  upon  sucli  names  as  Au- 
gustus Heinze,  the  copper  king,  who  received  his  training 
at  the  School  of  Mines,  Columbia  University,  there  is  cer- 
tainly abundant  reason  for  pausing  to  ask  where  a  more 
astounding  "rise  above  the  ranks"  can  be  found  among 
the  graduates  of  the  old-fashioned  college,  or  "school  of 
arts,"  such  as  Mr.  Wilson  favors.  This  is  not  one  of  those 
rare  "exceptions  that  prove  the  rule,"  for  it  is  worthy  of 
the  strictest  note  that  the  majority  of  the  graduates  of 
the  established  mining  colleges  have  risen  to  positions  of 
authority,  often  of  great  authority. 

In  the  railway  field,  it  is  natural  to  expect  to  find  civil 
engineers  in  large  numbers  holding  "officers'  commis- 
sions." The  number  is  not  so  large  as  it  should  be,  and 
when  a  civil  engineer,  like  Cassatt,  the  late  president  of 
the  Pennsylvania  Railway,  passes  away,  we  feel  regret 
not  "only  at  his  death,  but  at  the  uncertainty  whether  his 
successor  will  be  an  engineer  also. 

Thousands  of  graduates  of  civil  engineering  colleges 
are  contractors — builders  of  railways,  dams,  canals,  roads, 
skyscrapers  and  the  hundred  and  one  other  structures 
designed  by  civil  engineers.  This  is  scarcely  being  mere 
"tools"  in  the  hands  of  "master  workmen." 

Notwithstanding  much  that  the  engineering  colleges 
lack  in  the  way  of  a  training  that  would  best  fit  their 
students  to  become  leaders  of  men,  we  believe  they  come 
far  closer  to  Mr.  Wilson's  ideal  of  what  a  college  should 
be  than  he  himself  has  ever  dreamed.  In  common  with 
most  men  whose  education  has  been  in  the  arts  rather 
than  in  the  sciences,  he  clings  to  the  belief  that  a  train- 
ing in  philosophy,  language,  history  and  politics  consti- 
tutes the  modern  scolastic  quadrivium  essential  to  the 
average  man  who  would  rise  above  the  ranks.  Was  it  as 
long  as  fifty  years  ago  that  Herbert  Spencer  (a  civil  en- 
gineer who  became  the  greatest  of  all  philosophic  teach- 
ers) put  the  first  pin  into  the  bladder  upon  which  such 
arguments  float?  Without  referring  to  Spencer's  essay 
on  education,  our  recollection  is  that  its  opening  sentence 
repds  thus: 

"Men  dress  their  minds,  as  they  do  their  bodies,  in  the 
prevailing  fashion." 

Then  followed  his  now  classic  arraignment  of  the 
then  existing  methods  of  education  in  which  science 
played  no  important  roll,  while  language,  history  and 
the  arts  had  all  the  title  parts.  That  same  antequated  sys- 
tem of  education  is  th&  one  Mr.  Wilson  seeks  to  maintain, 
with  the  addition  of  "one  of  the  great  sciences."  Thus 
slowly  change  the  fashions  of  the  intellectual  dress  of 
men!     Still,  they  change. 

But  let  us  not  be  too  critical  of  those  who  hold  to  the 
old  styles — the  wearers  of  the  velvet  waistcoat,  the  stock, 
the  gay  "small  clothes"  and  the  silver  buckles,  albeit  they 
have  recently  tajjen  to  the  spiked  shoes  of  science  that 
they  may  run  the  faster.  Our  own  engineering  buildings 
may  have  steel  frames  and  concrete  floors,  but  the  win- 
dows are  of  glass.  The  same  ideas  that  control  Mr. 
Wilson's  judgment  are  to  be  found  in  similar,  though 
modified,  control  of  many  of  the  educators  at  the  heads 
of  our  engineering  colleges.     There  is  an  almost  prehis- 
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toric  belief  among  educators  that  there  must  be  some  one 
"broad"  course  of  study  that  will  best  fit  a  man  to  enter 
any  subsequently  selected  vocation  and  win  renown. 

Even  in  our  vocational  colleges — our  engineering 
colleges — there  has  always  been  the  most  strenuous  op- 
position to  specialization.  It  is  scarcely  20  years  ago 
that  the  editor  of  a  prominent  engineering  journal  under- 
took to  prove  that  a  special  course  in  mining  engineering 
was  objectionable  in  the  highest  degree.  He  argued  that 
one  broad  course  in  civil  engineering  would  better  serve 
to  educate  the  future  mining  engineer  than  a  narrow 
course  in  mining  engineering.  To  those  who  had  at  that 
time  graduated  as  mining  engineers  this  charge  of  nar- 
rowness was  indeed  laughable;  and  the  subsequent  steady 
increase  in  the  popularity  of  courses  in  mining  engineer- 
ing, coupled  with  the  remarkable  achievements  of  the 
graduates  from  mining  colleges,  has  amply  vindicated  the 
laugh  of  twenty  years  ago.  Thus,  in  fact,  does  every  new 
vocational  course  eventually  find  its  vindication. 

Only  a  few  years  ago,  engineers  were  tempted  to  smile 
when  they  first  heard  the  term  "agricultural  engineering" 
— an  engineering  farmer,  indeed!  A  precious  lot  of  sci- 
ence does  the  average  farmer  need!  Where  is  the  smile 
now?  Our  agricultural  schools — true  schools  of  a  lower 
grade  at  first — are  rapidly  evolving  into  agricultural  col- 
leges, institutions  whose  training,  we  venture  to  believe, 
will  prove  to  be  as  educative  and  broadening  as  that  to  be 
had  today  in  our  great  colleges  of  engineering.  And  if 
we  are  to  apply  to  them  the  test  above  prescribed — 
the  rise  of  their  graduates  above  the  ranks — we  shall  find 
them  abundantly  able  to  qualify  as  colleges. 

The  trouble  has  been  with  most  of  our  educators  that 
they  have  failed  to  perceive  the  true  distinction  between 
knowledge  and  mental  training.  They  have  looked  at  the 
medals  upon  the  breast  of  the  athlete  rather  than  upon 
the  hardened  muscles  that  won  them.  Yet,  they  all  loudly 
protest  that  they,  too,  are  believers  in  training;  but  in  the 
next  breath  they  insist  that  only  such  and  such  a  mental 
diet  will  give  the  desired  mental  strength.  Pardon  us 
if  we  descend  to  colloquialistic  exclamation  and  say^- 
Bosh! 

We  have  known  athletes  who  trained,  after  the  old  Eng- 
lish style,  upon  a  diet  of  ale  and  red  rare  meats;  and 
we  have  known  others  who  have  abstained  from  alco- 
holic beverage  and  have  trained  entirely  upon  vegetables. 
Yet  w'hen  the  race  was  run,  the  contest  was  one  of  neck 
to  neck  excitement,  the  victory  going  to  the  man  with  the 
greatest  stamina — natural,  plus  acquired — wholly  regard- 
less of  the  particular  kind  of  food  he  had  eaten. 

The  first  great  essential  of  any  educational  diet  is  that 
it  shall  not  pall  upon  the  appetite  of  the  individual.  He 
must  go  to  his  every  m.eal  with  a  hearty  gusto.  Herein 
lies  the  real  secret  of  the  success  of  those  who  have  pur- 
sued vocational  studies.  The  young  man  who  enters  upon 
a  course  in  chemical  engineering  usually  does  so  because 
his  ambition  is  to  become,  let  us  say,  a  large  manufacturer 
of  fine  pottery.  The  young  man  in  the  civil  engineering 
course  has,  let  us  say,  conceived  the  idea  that  he  can  thus 
reach  the  presidency  of  some  great  railway.  The  young 
student  of  architecture  hopes  to  become  the  designer  of 
noble  buildings.  The  young  mining  engineer  feels  that 
some  day  he  may  control,  if,  indeed,  he  may  not  own,  an- 
other Anaconda.  When  young  men,  fired  with  ambitions 
such  as  these,  take  their  places  in  our  technical  colleges, 
it  is  not  for  the  mere  fun  of  it,  not  for  the  whiling  away 
of  four  years  in  sports  and  romance.  They  are  there  to 
work,  and  that,  Mr.  Wilson,  is  precisely  what  you  bewail 
as  being  the  lacking  element  in  the  average  man  who 
pursues  the  old-fashioned  college  course — the  course  in 
arts  leading  to  an  A.  B. 

Now,  it  matters  little  how  a  man  works  his  muscles, 
whether  it  be  with  chest  weights  or  with  dumbbells;  for, 
so  long  as  he  works  them  regularly  and  diligently, 
strength  is  bound  to  develop.  So  will  strength  of  brain 
come  to  the  student  if  he  works,  regardless  of  what  mental 
dumbbells  or  cerebral  chest  weights  he  uses.  But  he  must 
work. 

Men  really  work  only  when  driven  by  the  "blacksnake" 
of  ambition.    When  thus  scourged,  their  efforts  are  often 


prodigious,  and  in  this  manner  do  the  feeble  take  on 
strength,  while  the  strong  become  mighty.  Ambition, 
however,  is  never  roused  by  vagueness  of  purpose.  There 
must  be  a  goal  in  sight,  or  at  least  picturable  in  the  cam- 
era of  the  mind.  This  is  usually  possible  only  to  the 
young  man  who  is  pursuing  vocational  studies. 

Going  a  step  farther,  we  see  that  the  more  specialized 
the  vocation  that  is  taught,  the  greater  the  certainty  that 
the  students  will  work  with  increased  energy,  and  conse- 
quently with  more  assurance  of  developing  large  mental 
strength.  Instead  of  opposing  the  demand  for  new- 
courses,  our  colleges  should  encourage  the  development  of 
as  many  courses  as  their  funds  will  permit.  Are  there 
young  men  who  aim  to  become  contractors?  Then  give 
them  not  a  broad  course  in  civil  engineering,  but  a  broad 
course  in  contracting  engineering,  or  engineering  con- 
tracting. Are  there  young  men  who  aim  to  be  second 
Edisons?  Then  refer  them  not  to  a  broad  course  in  elec- 
trical engineers,  but  provide  a  broad  course  designed  to 
stimulate  the  inventive  faculty. 

Yes,  these  specialized  courses  can  be  made  broad,  in 
jpite  of  the  seeming  contradiction  in  terms.  They  can 
thoroughly  ground  the  young  man  in  the  science  of  mathe- 
matics, which  is  the  basis  of  all  science,  and  that  in  itself 
is  tantamount  to  giving  no  slight  breadth  of  attainment  to 
any  man. 

They  can  impart  the  power  to  express  one's  thoughts 
in  clear  and  vigorous  language,  and  that,  too,  is  an  evi- 
dence of  breadth  of  mind. 

They  can  carry  logic  into  every  study,  as  well  as  make 
a  study  of  logic  itself,  and  that  is  a  still  greater  criterion 
of  mental  breadth. 

They  can  develop  a  knowledge  of  philosophy,  which, 
if  we  accept  Spencer's  definition,  is  but  the  unification  of 
science  under  the  all-embracing  laws  of  evolution,  which 
itself  is  a  corollary  of  the  persistence  of  force. 

They  can  require  a  student  to  master  a  foreign  tongue, 
not  for  what  ancient  knowledge  is  stored  therein,  but  for 
what  present  science  it  contains. 

They  can  add  to  all  these  a  thorough  mastery  of  the 
particular  vocational  studies  for  which  the  student  has 
come  to  college.  This  power  to  master  any  vocation  is 
itself  broadening  beyond  ordinary  belief. 

Finally,  through  all  the  course  thus  given,  should  be 
taught  that  systematic  recording  and  reporting  of  work 
performed  that  characterizes  the  modern  American  fac- 
tory. The  college  itself,  by  being  run  after  the  fashion  of 
a  factory — and  not  in  the  hit  or  miss,  individualistic  style 
characteristic  of  the  present — can  thus  become  an  object 
lesson  in  management,  during  every  day  of  the  four  years 
that  the  student  lives  within  its  walls.  Is  a  student  en- 
gaged in  making  a  chemical  analysis?  Then  his  daily 
report  should  embody  a  time  "log"  of  his  actions  as  well 
as  a  record  of  results.  Is  he  making  a  survey?  Then 
every  element  of  time  involved  should  be  recorded,  so  as 
;o  teach  him  how  an  analysis  of  recorded  time  elements 
leads  to  ^  reduction  in  the  minutes  required  for  a  given 
process. 

We  shall  not  now  discuss  the  various  methods  of  devel- 
oping system,  rapidity  of  performance,  precision,  and  the 
other  essentials  to  m.anagerial  success;  but  these  can  be 
acquired  largely  from  coming  under  the  proper  college 
mnnagement  itself,  supplemented  by  some  one  or  more 
text-books  on  the  subject  of  management.  In  brief,  the 
management  of  men  by  modern  methods  of  systematic  re- 
ports, time  studies,  and  analysis  of  the  data  thus  obtained, 
is  well  within  the  province  of  every  college,  although  it  is 
now  characteristic  of  few. 

Not  by  reading  history,  nor  politics,  nor  philosophy,  nor 
foreign  language,  can  this  science  and  art  of  managing 
men  be  acquired,  as  Mr.  Wilson  apparently  believes.  Still 
le.-s  does  it  come  from  gazing  at  the  "milky  way"  in  the 
heavens  of  knowledge  or  by  telescopic  viewing  of  "sample" 
stars. 

A  college,  as  Mr.  Wilson  conceives  it,  and  as  we  con- 
ceive it,  is  a  place  for  training  men  to  rise  above  the  ranks. 
This  training,  however,  has  the  greatest  effect  only  w-hen 
the  student  is  actuated  by  a  definite  and  inspiring  mo- 
tive, and  the  motive  can  ordinarily  be  supplied  only  by 
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the  desire  to  become  pre-eminent,  or  at  least  prominent,  in 
jsome  definite  vocation.  Vagueness  of  purpose  as  to  the 
vocation  is  fatal  to  the  ambition  of  the  student.  Hence 
the  more  specialized  the  vocational  study,  the  greater  is 
the  certainty  that  it  will  be  pursued  with  pertinacity, 
which  pertinacity  itself  is  the  mark  of  all  mental  strength, 
and  has,  indeed,  been  designated  as  the  sole  characteristic 
of  genius. 

Thus  we  have  the  paradox  of  developing  breadth  of  the 
brain  by  narrowing  the  field  of  study.  Yet,  -when  all  is 
said,  what  study,  or  group  of  studies,  can  be  more  than 
.narrow  when  laid  upon  the  measure  of  human  achieve- 
ment? Is  Latin  broad?  Is  history?  Is  politics?  Is  "one 
science"?  Heaven  forbid  that  many  men  regard  them  so! 
Latin  is  a  splendid  study,  perhaps  unexcelled  as  a  prepara- 
tion for  one  who  would  master  the  English  tongue.  But, 
as  for  ourselves,  it  has  long  seemed  that  a  four  years' 
course  of  Latin  in  a  good  high  school  serves  every  pur- 
pose. 

History  is  like  the  maps  that  Lewis  and  Clark  made 
when  they  crossed  the  continent  to  Oregon,  an  inspiring 
record  of  man's  achievement,  but  most  of  it  so  ancient  as 
to  be  useless  as  a  chart  by  which  to  pilot  any  present  or 
future  course  for  the  caravan  of  state. 

Politics?  Political  economy  for  the  average  man  is  also 
a  study  for  the  high  school  and  for  the  leisure  hours  of 
post-graduate  life.  It  rarely  helps  a  man  to  earn  his  liveli- 
hood, inspires  few  students,  has  no  substance  upon  which 
the  learner's  teeth  may  chew.  Yet,  withal,  it  is  an  embry- 
onic science  that  some  day  may  become  food  for  men.  At 
present  it  is  worse  than  bob-veal. 

"One  science"?  Yes — one  and  some  more,  and  all  aimed 
to  lead  the  student  to  a  mastery  of  the  vocation  he  has 
-chosen. 

Thu.«,  v;ith  aims  identical,  we  advocate  means  widely  at 
variance.  Mr.  Wilson,  in  common  with  several  other  dis- 
tinguished presidents  of  universities,  is  fighting  against 
the  inevitable  multiplication  of  vocational  studies.  He 
admits  their  necessity — for  those  who  would  be  "tools" — 
but  he  fails  utterly  to  see  that  it  is  these  very  vocational 
•ccurses  that  are  training  the  master  minds  of  the  coming 
generation. 

Like  the  Germanic  hordes  that  overran  southern  Eu- 
rope in  the  fifth  century,  because  they  sought  more  lands 
10  conquer,  the  graduates  of  our  engineering  colleges  are 
overflowing  the  boundaries  of  their  profession — though 
in  no  barbarian  fashion — and  forcing  their  way  into  man- 
agerial control  of  the  great  industries  of  America.  We 
predict  that  civil  engineers  will  shortly  be  heard  of  in 
politics — even  now  they  are  silently  entering  that  field — 
and  then  we  may  hope  for  the  combined  honesty  and  in- 
telligence of  administration  so  sadly  lacking  now  in  our 
municipal  governments.  What,  indeed,  is  municipal  gov- 
ernment's greatest  concern  today,  if  it  is  not  the  economic 
building  and  maintaining  of  civil  engineering  structures, 
such  as  water  works,  sewers,  pavements,  coupled  with  the 
regulation  of  public  service  corporations  (also  6f  an  en- 
gineering nature),  such  as  street  railways,  gas  and  electric 
planis?  What  class  of  men  is  best  fitted  to  rescue  munici- 
palities from  misrule? 

One  needs  but  to  ask  the  question  to  see  the  hand  of 
logic  upraised  and  pointing  at  the  graduates  of  the  engi- 
neering colleges  of  America. 


STEAM  SHOVEL  EXCAVATION  IN  SHALLOW  CUTS. 

Contributea"by   Tirrell   J.   Fcrrenz,   Assistant   Engineer, 
Chicago  Surface  Lanes, 

The  Chicago  Surface  Lines  build  on  the  average  from 
50  to  60  miles  of  single  track  per  year.  Inasmuch  as 
the  city  of  Chicago  embraces  over  200  square  miles  of 
territory  within  its  corporate  limits,  widely  divergent  soil 
conditions  are  encountered  in  this  work.  These  include 
a  large  amount  of  stiff  clay  and  sandy  soil,  together  with 
considerable  swamp  land  and  in  some  instances  of  out- 
cropping rock.  It  is  the  practice,  wherever  conditions 
permit,  to  employ  a  steam  or  electric  shovel  in  excavating 
to  subgrade  for  the  track  structure. 

The  standard  type  of  construction,  as  approved  by  the 


Board  of  Supervising  Engineers,  provides  for  depths  of 
21%  in.  and  23%  in.  from  the  street  grade  to  track  foun- 
dation, the  width  of  cut  commonly  being  18  ft.  2  in.  for 
double  track. 

The  following  results  were  obtained  by  a  detail  time- 
study  of  excavation  on  West  51st  St.,  between  Leavitt 
St.  and  Central  Park  Av.,  a  distance  of  1%  miles: 

DeptVi    of    cut,    average 2G  In. 

Width  of  trench 18  ft.  2  in. 

Kind    of    material Stiff  clay 

Type  of  shovel Thew  steam  shovel 

Capacity   of  shovel %  cu.  yd. 

Swell  of  Broken  Ground. — The  quantity  of  material  in 
place  was  obtained  by  taking  levels  at  various  points  and 
computing  the  yardage  for  each  10-ft.  section.  Loose 
earth  was  removed  by  wagons  which  were  loaded  full 
each  trip. 

Lineal  feet  excavated  on  test 230 

Total  place  measurement,  cu.   yd 230 

Numcer   of  loads 221 

Capacity  per  load,  en.  yd 2 

Total   loose  material,   cu.   yd 442 

Swell  of  broUen  grounc,  per  cent 34 

Time  Excavating  and  Loading: 

Wagon  in  position  for  loading,  min 0,25 

Time   for   loading,    min 1,52 

Getting    under    way,  min 0.20 

Moving  up  shovel,  min 0,20 

Minimum  time  per  load,   min 2,17 

Average  time  per  load,  including  all  stops,  delays,  etc.,  min,,  2,E2 

Average    number   of   loads   per    10-hr.    day 238 

Cubic   3'ards  loose  material  loaded  per  10-hr,   day 476 

Cubic  yards  in  place  loaded  per  10-hr,  day 355 

Lineal   feet   excavated   per   10-hr,   day 243 

Cubic  yards  in   place  per  lineal  foot 1.46 

Time  Hauling. — Hauling  was  done  by  a  teaming  con- 
tractor under  a  general  agreement  covering  the  removal 


Thew  Shovel    Excavating   for  Chicago  Surface    Lines. 

of  all  excavated  material  within  the  limits  of  a  specified 
territory.  Hauling  by  wagon  over  common,  fairly  dry, 
unpaved  streets  required  0.50  minute  per  100  ft. 

Rate  per  100  ft.,  incl,  stops,  lost  time,  etc.,  min 1.0S5 

Average   length  of   haul,    ft 800 

Hauling   time   per  trip,    min 17,36 

Total   time   per  trip,    incl.    loading,   min 19.88 

Number  trips  per  team  per  10-hr.   da.v 30 

Number  teams  required 8 

Labor  Excavating  and  Lc-ading: 

1  enginemaii  .at  75  ct,   per  hour %  0,75 

1  fireman  at  34   ct,   per  hour 0,34 

10  laborers   at   Zm   ct,    per   hour 2.25 

Per   hour    $3,34 

Total    per    10-hr.    day 33.40 

The  gang  of  ten  laborers  was  used  in  moving  shovel 
platform,  furnishing  coal  and  water  for  shovel,  dressing 
up  ditch  and  loading  wagons.  One  shovel  watchman  was 
employed  at  $2.50  per  day.  His  duties  consisted  in  watch- 
ing shovel  and  keeping  up  fire  at  night.  A  lunch  period 
of  30  minutes  was  allowed  at  noon. 

Cost   of  Supplies  for   Shovel: 

3  tons  Pocahontas  coal  at  S5.2J $15.75 

5  gal.    cylinder   oil   at   $0.40 2,00 

31,4  gal.    engine    oil    at    $0.275 0  96 

3  lb,   colored   waste   at   $0.07 0.21 

IV-  lb.    white   waste    at    $0.105 0,16 

2  lbs,   cup  grease  at   $0,08 ,.  0,16 

Total  cost  per  week  of  six  days $19.24 

Cost   per   day -3,21 

Summaj-y  of  Costsr 

Per  10-hr;     Per  cu,  yd.    Fercu.  yd.        Perlin. 
day.  loose  mtl,       in  place.  foot. 

Excavating   and   loading $33,40  $0  070  $0,094  $0,137 

Watching  shovel 2'.50  0.005  0.007  0.010' 

Supolies   for  shovel 3.21  O.0C7  0.009  0.013 

Total     , $59.n'.  $0;082'  10,110'  $0.I8(!' 
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SOME  DREDGING  COSTS  EASED  ON  ACTUAL 
DREDGING  EXPERIENCE.* 

Dredging  costs  vary  in  different  districts  according  to 
conditions  encountered  and  the  methods  of  calculation 
employed,  and  even  in  the  same  district  and  under  the 
same  management  dredges  of  similar  size  and  design  or  the 
same  dredge  in  different  parts  of  the  same  property  will 
show  a  wide  difference  in  operating  cost  owing  to  the 
character  of  the  ground  dug. 

Dredging  in  United  States. — The  largest  dredging  com- 
pany in  the  world,  the  Natomas  Consolidated,  of  Cali- 
fornia, operated  13  dredges  in  1914  and  handled  25,850,000 
cu.  yd.  at  a  total  cost  of  5.8  ct.  per  yard.  To  show  the 
wide  differences  in  dredging  costs  of  dredges  operating 
under  the  same  management  the  following  is  given :  One 
dredge  for  the  year  above  mentioned  handled  nearly  2,000,- 
000  yd.,  at  a  cost  of  2.5  ct.,  and  another  dredge  handled 
over  2,000,000  yd.,  at  a  cost  of  7.14  ct.,  differences  in  the 
depth  and  the  character  of  gravel  causing  the  difference 
in  cost.  The  power  cost  of  the  first  dredge  was  0.6  ct. 
per  yard  and  that  of  the  second  1.32  ct.,  with  other  cost 
details  also  differing  greatly. 

The  ten  dredges  of  the  Yuba  Consolidated  at  Marysville, 
Cal.,  handled  a  total  of  17,000,000  yd.  at  a  cost  of  4.40 
ct.,  varying  from  3.29  to  6.86  ct.  a  yard,  according  to 
the  dredge  and  conditions  of  operation  and  repairs.  The 
dredge  charged  with  the  higher  cost  underwent  recon- 
struction which  was  charged  to  the  yearly  operations  of 
1914. 

In  Montana,  as  described  in  Mr.  Jennings'  paper,  the 
cost  of  handling  a  total  yardage  to  July  31,  1915 — more 
than  32,000,000  yd.  was  59.1  ct.  a  cubic  yard  with  indirect 
expenses  of  1.05  ct.,  the  total  cost  was  6.96  ct.  a  yard. 
Operating  costs  for  different  dredges  for  the  total  period 
nentioned  varied,  according  to  the  size  and  type  of  dredge 
and  to  the  operating  conditions,  from  4.85  to  6.94  ct.  a 
cubic  yard. 

In  Colorado,  the  dredges  of  one  company  handled,  in 
1914,  3,000,000  yd.  at  a  cost  of  5.9  ct.  a  yard.  One  of 
the  dredges  in  Idaho  handled  4,670,000  yd.  for  the  same 
year  at  a  total  of  2.77  ct.  The  yardage  mentioned  is  the 
record  for  any  single  dredge  in  the  world.  Other  dredges 
operating  in  the  United  States  obtain  costs  according  to 
conditions  of  operations,  size  of  boat,  etc.,  varying  from  5 
to  10  ct.  a  yard. 

Dredging  in  South  America. — In  South  America,  the 
Pato  dredge  in  Colombia  for  the  year  ended  Sept.  30,  1914, 
handled  920,000  cu.  yd.,  at  an  operating  cost  of  18.4  ct., 
which,  with  general  and  office  expenses,  brought  the  total 
expenditures  to  23.2  ct.  per  cubic  yard.  For  the  year 
ended  Sept.  30,  1915,  the  operating  cost  was  estimated  at 
16  ct.  a  yard  and  the  yardage  handled  was  considerably 
in  excess  of  that  for  the  previous  year,  1,420,000  cu.  yd. 
being  handled.  This  dredge  is  equipped  with  8-ft.  buckets, 
and  the  operating  conditions  were  not  considered  as  being 
unfavorable  for  a  tropical  country  when  the  dredge  was 
built. 

Dredging  in  the  Philippine  Islands. — Dredging  costs  in 
the  Philippine  Islands  have  been  greatly  under  those  men- 
tioned above.  The  work  of  the  Gumaos  dredge  is  given 
in  detail  in  Mineral  Resources  of  the  Philippine  Islands. 
This  is  a  5-ft.  dredge  and  has  handled  during  27  months 
of  operation,  from  Oct.  1,  1912,  to  Dec.  21,  1914,  a  total 
of  1,850,000  cu.  yd.,  at  a  cost  of  about  12  ct.  per  cubic 
yard. 

Dredging  in  Alaska. — To  go  from  the  Tropics  to  the  far 
north  is  rather  a  radical  change,  but  the  operating  costs 
in  the  far  north  are  in  excess  of  those  in  the  Tropics  on 
account  of  shorter  seasons,  frozen  ground,  and  various 
other  operating  and  economic  difficulties. 

The  costs  of  the  various  dredges  of  the  Yukon  Gold 
Co.  for  the  year  1913  varied  from  21.16  to  33.79  ct.  yer 
yard,  the  highest  cost  for  thawing  being  given  as  18.36  ct. 
Approximately  75  per  cent  of  the  gravel  is  frozen. 

Dredging  costs  in  Alaska  may  be  said  to  vary  from  20  to 

'From   BuUetin  11!1,   Bureau  cf  Mines,  by  Charles  James  and  Henry 
Jennings. 
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30  ct.  a  yard,  though  in  some  instances  a  much  lower 
operating  cost  is  claimed.  However,  in  all  instances  com- 
ing under  the  writer's  observation,  the  actual  cost  has  not 
been  less  than  the  first  figure  given. 

Dredging  at  the  Panama  Canal. — A  paper  on  placer- 
mining  costs  at  this  time  would  seem  incomplete  without 
some  reference  being  made  to  the  work  at  the  Panama 
Canal. 

According  to  W.  G.  Comber,  in  a  paper  on  dredging  in 
the  Panama  Canal,  presented  at  a  meeting  of  the  Inter- 
national Engineers'  Congress,  San  Francisco,  September, 
1915,  the  grand  total  quantity  of  material  removed  from 
the  Panama  Canal  and  auxiliary  works  by  dredging  from 
1905  to  December,  1914,  was  115,700,000  cu.  yd.  The  total 
cost  per  cubic  yard  was  26.77  ct.,  including  the  work  of 
ladder,  dipper,  and  suction  dredges  and  the  total  cost  of 
operation,  maintenance,  material,  plant,  and  administra- 
tion. 

Considerable  interest  has  been  shown  by  gold-dredging 
operators  in  the  performance  of  the  large  bucket  ladder 
dredge  equipped  with  two  lines  of  buckets,  one  having 
a  capacity  of  1  cu.  yd.  and  the  other  of  2  cu.  yd.  The 
bucket  lines  are  interchangeable,  one  being  used  for  heavy 
digging  and  the  other  where  the  work  was  lighter.  The 
total  material  handled  by  this  dredge  from  April,  1912,  tO' 
January,  1915,  is  given  at  3,351,600  cu.  yd.,  and  the  cost 
at  36.59  ct.  per  yard. 

In  excavating  the  canal  the  material  from  bucket,  dipper 
and  sea-going  suction  dredges  was  delivered  to  barges, 
and  hauled  4  to  10  miles  to  a  permanent  dump.  The  in- 
termittent nature  of  the  work  and  the  long  haul  account 
in  a  measure  for  the  high  operating  cost.  Although  com- 
parisons between  the  work  of  these  dredges  and  those  op- 
erating in  different  placer  fields  is,  of  course,  futile,  most 
gold-dredge  operators  will  have  a  feeling  of  satisfaction 
when  they  consider  these  figures  in  connection  with  the 
operating  costs  of  their  own  machines. 


ROCK  DRILLING  WITH  A  GASOLINE-AIR  DRILL. 

Contributed  by  H.   Ij.  Hicks,   11  Broadway,   Xew   Yortc. 

The  Kenn-Well  Contracting  Co.,  who  are  constructing 
an  18-mile  electric  transmission  line  for  the  New  York 
Edison  Co.,  has  in  use  a  new  type  of  gasoline  operated  rock 
drill.  This  they  employ  for  drilling  large  diameter  hole.? 
for  the  anchor  bolts  which  will  secure  the  latticed  steel 
towers. 


Gasoline-Air   Driiiing   Outfit. 

The  novel  drilling  outfit  is  the  gasoline-air  type,  of  In- 
gersoll-Rand  manufacture.  As  the  hypen  indicates  it  is  a 
combination  rather  than  a  single  unit.  The  actuating 
force  is  produced  by  a  6-h.  p.  two-cycle  gasoline  motor 
which,  through  gearing  drives  a  pulsator.  The  latter  is 
in  effect  a  double-acting  air  pump  connected  by  two 
lengths  of  hose  to  either  end  of  the  drill  cylinder.     This 
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connection  is  direct — without  valves  or  obstructions.  The 
drill  is  of  the  reciprocating  piston  type  with  rifle  bar  rota- 
tion, but  without  the  complication  of  valves  and  valve 
passages  and  ports. 

The  drill  is  reciprocated  by  air  played  back  and  forth 
a  closed  circuit  by  the  pulsator.  This  action  is  similar 
to  that  of  the  well  known  electric-air  drill.  The  gasoline 
engine  operates  at  780  R.  P.  M.  and  is  geared  to  operate 
the  pulsator  at  440  R.  P.  M.  or,  in  other  words,  reciprocate 
the  drill  at  a  speed  of  440  blows  per  minute. 

The  engine  is  rated  to  consume  approximately  two 
quarts  of  gasoline  per  hour  and  one  pint  of  oil  mixed 
with  each  five  gallons  of  gasoline.  The  barrel,  which  will 
be  noticed  in  the  illustrations,  is  the  convenient  reservoir 
for  the  thermo-slphon  cooling  system.  Ignition  is  of  the 
jump  spark  type,  dry  cells  and  spark  coil  in  the  engine 
base  furnishing  the  current. 

The  outfit  is  handled  for  transportation  as  two  units, 
the  pulsator-engine  truck  and  the  drill  with  its  mounting. 
The  heaviest  piece,  the  pulsator  unit,  weighs  about  600 
pounds.  The  relatively  light  weight  is  of  great  advantage 
in  moving  the  outfit  over  the  broken  country  in  West- 
chester Co.,  N.  Y.,  where  the  work  is  being  done. 

The  anchor  bolt  holes  which  are  required  average  5  ft. 
in  depth.  They  are  started  with  a  3-in.  bit  and  bottom  at 
2^.;^  in.,  an  unusually  small  gauge  variation.  The  neces- 
sity of  drilling  a  vertical  hole  in  the  very  seamy  rock  en- 
countered has  made  it  inadvisable  to  attempt  speed  in 
cutting  the  rock.  A  total  of  twenty  feet  of  drill  hole  in 
a  set  of  four  holes  has  been  observed  on  different  occa- 
sions to  require  three,  four,  five  hours  and  sometimes  even 
longer,  depending  on  the  character  of  the  rock.  In  drill- 
ing in  concrete,  eight  4-ft.  holes  3  in.  in  diameter  were 
completed  in  four  hours,  including  time  required  to 
change  the  set-up  of  the  drill. 

This  type  of  drill  appears  to  be  fully  equal  in  capacity 
and  drilling  speed  to  the  standard  air  or  steam  tripod  drill 
01  equal  size.  Its  independence  of  compressor  or  boiler 
power  supply  and  its  compact  portability  should  recom- 
mend it  on  many  jobs  where  a  single  heavy-duty  machine 
is  required  for  drilling  scattered  holes. 


THE  BALDWIN  LOCOMOTIVE  WORKS— DECAUVILLE 
TYPE  LOCOMOTIVES  FOR  LIGHT  SERVICE. 

(Contributed) 

The  selection  of  a  locomotive  for  light  industrial  or 
contractor's  service,  is  a  matter  to  which  considerable 
attention  and  study  should  be  given,  as  it  is  important  that 
the  engine  be  fitted  for  the  work.    These  locomotives  are 
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center  of  gravity,  especially  if  the  track  gage  is  very 
narrow. 

The  Baldwin  Locomotive  Works  have  recently  built 
a  number  of  locomotives  of  the  Decauville  type,  which 
meet  the  conditions  outlined  above.  These  engines  have 
been  constructed  for  export,  and  two  of  them  are  herewith 
illustrated.  They  have  steel  plate  frames,  and  the  water 
tank  is  placed  between  them.  This  construction  braces 
the  frames  transversely  and  also  lowers  the  center  of 
gravity.  In  a  locomotive  with  saddle  or  side  tanks,  the 
weight  of  the  latter,  especially  when  filled,  raises  the  cen- 
ter of  gravity;  so  that  it  is  sometimes  preferable,  when 
the  gage  is  narrow  to  use  a  separate  tender.  This  diflfi- 
culty  is  not  encountered  in  the  Decauville  design. 

The  four  coupled  locomotive  illustrated  was  built  for 
the  Playstowe  Central  Mills  Co.,  Ltd.,  Australia.  It  is 
of  two  ft.  gage,  and  operates  on  grades  of  3  per  cent  and 
curves  of  198  ft.  radius.  The  track  is  laid  with  rails 
weighing  14  lb.  per  yard.  The  boiler  is  25  in.  in  diameter, 
and  carries  a  steam  pressure  of  176  lb.  per  square  inch. 
It  has  a  steel  outside  shell,  a  copper  firebox,  and  brass 
tubes.  Bituminous  coal  is  used  for  fuel,  and  a  coal  box  of 
8  cu.  ft.  capacity  is  placed  in  the  cab.  The  tank  capacity 
is  102  gal. 

The  steam  dome  is  placed  well  forward  on  the  boiler, 
and  the  live  steam  pipe  passes  out  through  the  right  hand 
side  of  the  dome.  This  pipe  branches  under  the  smoke- 
box  with  one  branch  leading  to  each  cylinder.  The  throttle 
valve  is  placed  in  the  steam  pipe.  The  cylinders  are  6x10 
in.,  and  are  fitted  with  plain  slide  valves.  A  simple  de- 
sign of  Marshall  valve  gear  is  applied,  with  the  parts  out- 
side the  frames  and  wheels  where  they  are  easily  acces- 
sible. The  wheels  are  22  in.  in  diameter.  The  equipment 
includes  a  hand  brake,  with  shoes  on  the  rear  driving- 
wheels  only.  The  cab  is  of  steel,  and  is  entered  at  the 
sides.  The  locomotive  weighs  12,000  lb.  in  working  or- 
der. 

The  six-coupled  locomotive  was  built  for  the  Inter- 
national Engineering  and  Trading  Co.  of  Russia.  The 
gage  \n  this  case  is  2  ft.  5.53  in.,  and  the  locomotive  weighs 
22,850  lb.  in  working  order.  The  cylinders  are  8x12  in., 
and  the  driving-wheels  have  a  diameter  of  23  in.  The 
boiler,  including  the  inside  firebox,  is  built  of  steel  plate 
throughout.  Wood  is  used  for  fuel,  and  in  order  to  avoid 
spark  throwing  a  smoke  stack  of  the  Radley  and  Hunter 
type  has  been  applied.  The  top  and  bottom  sections  of  the 
stack  casing  are  each  made  of  pressed  steel  in  one  piece. 
The  sparks  are  given  a  rotary  motion  in  the  casing,  and 
are  broken  up  and  extinguished  before  they  are  dis- 
charged. A  fuel  space  of  32  cu.  ft.  is  provided  in  the  cab, 
and  the  water  tank  is  of  200  gal.  capacity. 

Like  the  four-coupled  locomotive  previously  described, 
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usually  of  narrow  gage,  and  must  be  designed  to  operate 
on  uneven  tracks  and  sharp  curves.  They  must  be  strongly 
built,  and  at  the  same  time  be  simple  in  construction, 
with  easily  accessible  working  parts.  Ample  stability  is 
necessary,  in  order  that  the  tendency  to  overturn,  when 
passing  over  rough  track  and  around  sharp  curves,  may 
be  reduced  to  a  minimum.     This  usually  requires  a  low 


this  engine  has  plain  slide  valves  and  Marshall  valve 
gear.  The  equipment  includes  a  combined  hand  and  Bald- 
win steam  brake,  with  shoes  on  all  the  wheels. 

These  locomotives  are  neat  in  appearance,  and  are  well 
fitted  for  the  work  they  have  to  do.  With  suitable  modi- 
fications in  equipment,  this  design  could  readily  be 
adapted  to  service  in  the  United  States. 
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REMARKS  ON  PUBLIC  SERVICE   AND  PRE- 
PAREDNESS FOR  ENGINEERS.* 

The  engineer  above  all  others  will  be  called  upon  in  the 
solution  of  big  public  problems  and  in  the  development  of 
governmental  administration,  as  he  has  been  in  the  solu- 
tion of  military  and  industrial  problems.  In  the  military 
service,  the  engineer  is  called  upon  to  reconnoiter  and 
develop  offensive  and  defensive  engineering  plans  for  the 
fighting  forces  and  fighting  machinery.  Upon  the  engi- 
neer corps,  the  duty  of  arranging  for  the  sanitation  of  the 
camp  and  for  comfort  and  health  of  the  military  organiza- 
tion is  placed.  The  engineer  has  been  called  upon  to  lead 
in  the  solution  of  problems  of  transportation. 

No  greater  tribute  could  have  been  paid  to  the  engi- 
neering profession  than  the  recent  request  by  the  Presi- 
dent of  the  United  States  for  a  citizen  trained  corps  to  pre- 
pare an  inventory  of  the  country's  manufacturing  and  in- 
dustrial resources  as  the  first  step  in  industrial  prepared- 
ness. The  engineers  of  this  country  were  prepared.  The 
patriotic  and  democratic  pledge  to  undertake  and  complete 
this  task  is  now  being  carried  out  through  a  committee, 
representing  the  five  national  engineering  societies — 
Chemical,  Civil,  Electrical,  Mechanical  and  Mining 
—which  have  a  membership  of  over  30,000  engineers.  It 
is  such  preparedness  for  service  to  the  country  that  offers 
the  best  insurance  for  responsive  and  effective  results  in 
public  administration. 

To  engineers  credit  must  be  given  for  the  great  achieve- 
ments in  connection  with  the  construction  of  railways  and 
waterways,  the  construction  and  operation  of  our  munici- 
pal and  other  public  works,  the  extension  of  public  im- 
provements and  in  the  development  of  economic  and  scien- 
tific methods  in  the  conduct  of  the  routine  of  public  ad- 
ministration. The  role,  which  the  engineer  has  played  in 
the  administration  of  affairs  of  our  governmental  bodies, 
has  been  mostly  that  of  close  application  to  details  of  ad- 
ministration, the  importance  of  which  have  not  always 
been  brought  out  or  fully  appreciated  by  the  public.  In 
spite  of  these  handicaps  and  the  restrictions  ofttimes 
brought  about  by  politics  and  the  uninformed  and  misin- 
formed officials,  the  engineer  has  brought  into  the  civil 
service  the  spirit  of  workmanship  and  ideals  of  scientific 
management  and  has  been  the  first  to  use  and  instill  in  the 
minds  of  others  the  necessity  of  management  based  on 
scientific  method. 

In  making  any  statements  of  achievements  already  ac- 
complished through  the  patriotic  and  unselfish  services  of 
engineers,  I  was  not  unmindful  of  the  greater  opportuni- 
ties which  are  before  engineers  and  other  trained  person- 
nel in  the  further  development  of  responsible  and  effective 
public  administration.  Engineers,  because  of  their  analyt- 
ical training,  their  ability  to  obtain  and  stick  to  facts  and 
to  act  with  precision,  their  imagination  and  vision  for  new 
and  big  things  and  their  genuine  interest  and  spirit  of 
public  service,  have  in  the  public  service  almost  a  virgin 
field. 

The  entry  into  the  public  service  of  men  and  women  of 
ability  and  sincerity  of  purpose,  with  high  ideals  and  non- 
recognition  of  the  negative  things  in  the  public  service, 
will  have  the  effect  of  bringing  about  positive  and  funda- 
mental improvements  in  the  administration  of  public  af- 
fairs and  will  give  further  impetus  to  the  increasing  favor- 
able attitude  of  the  public  toward  governmental  adminis- 
tration. Politics,  incompetency,  irresponsible  and  medio- 
cre service  and  administration  can  find  no  comfort  and 
cannot  long  survive  where  such  conditions  exist. 

The  total  receipts  and  government  cash  pa>'ments  for 
the  nation,  states,  counties  and  cities  and  incorporated 
places  having  a  population  of  2,500  and  over  thus  amount- 
ed to  over  $2,960,000,000. 

Owing  to  lack  of  sufficient  data  on  the  divisions  and 
organization  of  the  services  in  these  governmental  di- 
visions, it  is  not  possible  to  set  out  definitely  the  exact 
number  of  positions  in  fhese  services.  Estim.ates  have 
been  made  and  these  vary  from  1,400,000  to  1,500,000  posi- 
tions in  these  services,  in  addition  to  the  480,000  positions 

•Kxcerpts  from  an  address  hy  J.  L.  Jacobs  to  the  Western  Society 
of  En^neers. 
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in  the  federal  service,  making  a  total  of  between  1,880,000 
and  1,980,000  positions  in  the  public  service  in  this  coun- 
try. At  the  rate  of  increase  of  governmental  activities,  it 
is  not  improbable  that  before  long  the  total  number  of 
agents  required  to  administer  the  public  affairs  of  our 
nation,  states,  counties  and  cities  will  e.xceed  the  2,000,000 
figure. 

It  would  not  be  possible  within  the  confines  of  this  pa- 
per, to  go  into  detail  on  the  diversity  and  complexity  of  the 
problems  confronting  our  municipalities,  nor  of  their 
growing  importance.  A  mention  of  some  of  the  more  im- 
portant technical  divisions  indictes  the  field  and  broad 
opportunities  and  urgency  for  a  trained  personnel  in  the 
municipal  service: 

1.  Finance  administration  and  municipal  accounting. 

2.  Taxation,  budget  making  and  municipal  financing. 

3.  Municipal  reports,  publicity  and  statistics. 

4.  Technique  of  constructive  investigation  and  report- 
ing. 

5.  Civil  service  administration  and  standardization  of 
employment. 

6.  Standardization  and  centralization  of  purchasing 
and  testing. 

7.  Management  and  administrative  procedure— scien- 
tific management. 

8.  Education  administration. 

9.  Public  health  administration. 

10.  Justice,  charity  and  correction  administration. 

11.  Social  surveys — Housing. 

12.  City  planning. 

13.  Police  and  fire  administration. 

14.  Public  works  administration  and  local  improve- 
ments. 

15.  Water  supply  administration. 

16.  Municipal  lighting. 

17.  Pavement  construction  and  repair. 

18.  Cleaning  of  streets  and  removal  of  snow. 

19.  Sewerage  systems  and  sewerage  disposal. 

20.  Collection  and  disposal  of  city  wastes. 

21.  Parks  and  play-grounds  and  recreation  administra- 
tion. 

22.  Elimination  of  smoke  nuisances. 

23.  Regulation  of  local  public  utility  rates  and  ser- 
vices. 

24.  Street  railways,  elevated  roads  and  subways. 
Within  the  last  two  years  over  80  of  the  municipalities 

in  this  country  have  adopted  the  city  manager  form  and 
there  seems  to  be  no  sign  of  abatement  in  this  direction. 
These  commission-manager  cities  are  scattered  through  28 
states.  Michigan,  which  has  9  city  manager  cities,  is  in 
the  lead.  California  and  Texas  each  have  8,  and  Virginia 
and  Ohio  each  have  7  city  manager  municipalities.  Accord- 
ing to  geographical  divisions,  the  North  Atlantic  states 
have  8  city  manager  cities;  the  South  Atlantic  states  18; 
North  Central  states,  28;  the  South  Central  states  21,  and 
the  Western  states  10. 

Honorable  Henry  Waite,  city  manager  of  Dayton,  which, 
by  the  way,  is  the  largest  city  that  has  adopted  the  city 
manager  plan  of  government,  outlines  the  advantages  of 
the  city  manager  form  of  municipal  government  as  fol- 
lows : 

(1)  Simplicity. 

(2)  Basis  of  Organization — Efficiency  and  Economy. 

(3)  Centralized  authority. 

(4)  Fixed  definite  responsibility. 

(5)  Business  methods. 

(6)  Prompt  and  effective  action. 

(7)  EmplojTnent  of  experts  when  needed. 

(8)  Commissioners  represent  the  whole  city,  not  ward. 

(9)  Interests  a  higher  type  of  man  in  city  service. 

(10)  The  short,  non-partisan  ballot. 

(11)  Abolishes  politics  from  the  administration  end  of 
government. 

(12)  Separates  the  legislation  from  the  administration. 

(13)  Does  not  depend  on  ballot  to  select  trained  men 
for  particular  functions  of  government. 

These  problems  of  public  service  which  are  presented 
by  the  new  order  of  things,  are  being  recognized  by  a 
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growing  proportion  of  our  people.  This  is  shown  by  the 
new  civic  spirit  which  has  arisen  in  our  municipalities  and 
the  attitude  of  the  increasing  number  to  serve  as  watch- 
ful and  informed  citizens,  or  as  agents  to  carry  out  the 
affairs  of  government  in  a  way  such  as  to  raise  the  horizon 
of  civic  and  community  service. 

The  field  of  public  service,  which  is  performed  by  these 
citizen  agencies  has  increased  with  the  growth  of  the 
functions  of  government.  Opportunities  are  not  only  of- 
fered for  work  in  these  organizations,  but  governmental 
officials  have  turned  to  them  for  men  and  women  to  fill 
official  positions  requiring  training  and  experience  of  pub- 
lic administrative  problems  and  the  knowledge  of  the 
structure  and  operations  of  govei-nment.  Increasing  activi- 
ties and  co-operation  of  these  civic  agencies  with  govern- 
mental bodies  is  bound  to  create  a  further  demand  for 
trained  workers  in  public  administration.  The  more  im- 
portant organizations  and  associations,  which  have  been 
developed  and  are  active  in  this  positive  and  growing  field, 
are  the  following: 

Ballot  associations. 

Boards  of  trade. 

Bureaus  of  municipal  research. 

Chambers  of  commerce. 

City  clubs. 

Civil  service  reform  associations. 

Commercial  clubs. 

Educational  associations. 

Foundations  for  special  research. 

Health  associations. 

Housing  reform  associations. 

Industrial  associations. 

Juvenile  associations. 

Legal  aid  associations. 

Legislative  leagues. 

Local  improvement  associations. 

Merchants'  associations. 

Municipal  leagues. 

Real  estate  associations. 

Recreation  associations. 

Tax  associations. 

Training  schools  for  public  service. 

Opportunities  in  the  civil  service  are  increasing  faster 
than  the  supply  of  men  and  women  who  are  trained  and 
interested  in  the  public  service.  Steps  must  be  taken  for 
thorough  and  sustained  practical  preparation  for  public 
service  administration.  The  creation  of  a  larger  supply  of 
men  and  women,  who  are  trained  and  are  genuinely  inter- 
ested in  public  affairs  and  wish  to  find  a  career  in  the 
official  life,  will  go  very  far  towards  stimulating  further 
demand  for  experts.  This,  I  believe,  will  largely  solve  our 
problem  of  efficient  and  responsible  public  administration. 
There  have  been  a  number  of  suggestions  and  programs 
set  out  for  developing  such  a  trained  army  of  civil  ser- 
vants. In  the  adoption  of  the  following  steps,  there  lay 
the  solution  for  preparedness  and  increased  opportunities 
in  our  public  service: 

1.  Publicity  of  public  administration  and  of  researches 
on  government  and  public  administration. 

2.  Extension  of  merit  system  and  positive  employment 
methods  and  control. 

3.  Practical  training  for  public  service  in  connection 
with  our  educational  programs  and  with  civil  service  ad- 
ministration. 

4.  Federal  enactment  for  the  promotion  of  public  ser- 
vice training  and  distribution  of  federal  appropriations 
amongst  individual  states  and  cities  on  uniform  basis. 

5.  Co-operation  between  administrative  departments  of 
the  federal  government,  states  and  cities  and  our  state 
and  other  educational  institutions,  providing  for  practical 
training  and  field  work  in  public  service. 

6.  Encouragement  of  training  of  public  service  to 
teachers  and  compulsory  instruction  of  principles  of  de- 
mocracy and  public  administration  to  children  and  immi- 
grants. 

7.  Recognition  of  public  service  as  a  profession  of  dig- 
nity, social  prestige  and  permanence. 


THE  NEW  41-MILE  LINE  IN  INDIANA  FOR  THE 
PENNSYLVANIA  R.  R. 

Excavation  is  just  getting  well  underway  on  one  of  the 
largest  new  line  railroad  construction  jobs  undertaken  irt 
the  middle  west  so  far  this  year.  This  work  calls  for  the 
building  of  the  Indianapolis  &  Frankfort  R.  R.,  a  41-mile 
road  extending  from  Ben  Davis,  Ind.,  to  Frankfort,  Ind. 
This  line  is  being  constructed  for  the  Pennsylvania  R.  R. 
It  meets  the  St.  Louis  Division  of  the  Vandalia  about  6 
miles  west  of  Indianapolis  and  runs  in  a  generally  north- 
westwardly direction,  connecting  with  the  Michigan  Divi- 
sion of  the  Vandalia  at  Frankfort.  The  route  is  shown  oa 
accompanying   map.    The    line   will   have   a   single  track 


New    Pennsylvania    Line    From    Ben    Davis   to    Frankfort.    Inc^. 

roadbed  with  bridges  and  right-of-way  for  double  track. 
The  grading  involves  approximately  3,000,000  cu.  yd.  of 
earth,  most  of  which  will  be  taken  from  borrow  pits  pur- 
chased along  the  line.  The  first  6  miles  is  on  an  average- 
fill  of  about  27  ft.  due  to  the  fact  that  it  is  necessary  to- 
cross  several  steam  railroads  and  ti-action  lines  on  over- 
head crossings.  The  remainder  of  the  grading  is  light, 
except  through  the  city  of  Lebanon  where  it  is  necessary 
to  elevate  the  tracks  on  account  of  steam'  and  electric 
lines.   There  will  be  no  railroad  crossings  at  grade 

All  bridges  will  be  of  the  latest  type  of  reinforced 
concrete  construction,  except  at  four  railroad  crossings 
where  it  will  be  necessary  to  use  steel  trusses  in  order  to 
span  the  entire  right-of-way.  There  will  be  approximately 
60,000  cu.  yd.  of  reinforced  concrete  construction  requir- 
ing 1,700  tons  of  reinforcing  steel. 

The  Dunn  &  McCarthy  Co.,  405  South  Dearboni  St., 
Chicago,  111.,  has  the  contract  fqr  building  the  entire  line, 
under  the  supervision  of  Mr.  F.  T.  Hatch,  St.  Louis,  Mo., 
Chief  Engineer  of  the  Vandalia  R.  R.  L.  H.  Robbins,  124 
Fair  Bldg.,  Indianapolis,  Ind.,  is  in  charge  of  the  work  for 
the  contractors. 
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COMPARISON  OF  TWO  METHODS  OF  SHAFT 
SINKING  THROUGH  SOFT  MATERIAL. 

In  shaft  sinking  for  coal  mines,  the  cost  item  greatly 
influences  the  method  adopted.  This  holds  true  especially 
when  soft  material  must  be  traversed.  The  average  life 
of  a  coal  mine  is  short.  This  is  due  either  to  the  limited 
area  of  the  coal  basin  or  to  the  great  expense  of  mainte- 
nance and  haulage  underground  when  the  entries  are  ex- 
tended a  considerable  distance  from  the  hoisting  shaft. 
Therefore,  the  engineer  in  opening  a  coal  mine  is  con- 
fronted with  the  fact  that  the  cost  must  be  kept  within 
certain  bounds  else  the  venture  will  prove  unprofitable. 
For  this  reason  he  may  be  prohibited  from  adopting  cer- 
tain safe,  but  expensive,  methods  that  are  used  in  sinking 
caissons  for  foundations,  driving  transportation  tunnels^ 
or  other  work  of  permanent  construction. 

A  common  method  of  sinking  through  difficult  ground 
employs  the  aid  of  a  steel  shoe  pushed  ahead  of  the  shaft 
timbers.  Another  is  the  drop-shaft  method.  These  two 
methods  were  used  in  sinking  the  main  shaft  and  the  air 
shaft  of  the  Eagle  No.  .3  mine,  at  Des  Moines,  la.,  and  the 
following  data  show  the  relative  success  and  cost  of  the 
two  methods  of  sinking  under  the  same  conditions. 

A  drill  log  of  the  material  to  be  penetrated  was  as  fol- 
lows (see  Fig.  1) : 

Thickness.  Total  Depth, 
Ft.    In.        Ft.   In. 

Drift     3S  38 

Sand    2  40 

Drift     2  6  42  6 

Jointed    clay    5  6  48 

Drift,    firm    10  6  oS  6 

Clay,   with  sand  streaks   3  61  6 

Sand     12  73  6 

Shale,  with  two  thin  beds  of  coal  and  thin  s-trata 

of  rock    86  6  160 

Rock     5  165 

Coal    3  9  168  9 

Main  Shaft  Sunk  by  Steel-Shoe  Method. 

This  record  shows  the  first  73  ft.  to  be  drift  material,  the 
lov/er  12  or  15  ft.  of  which  was  sand.  The  remaining  92 
ft.  to  the  coal  was  shale  and  rock,  and  offered  no  trouble 
in  sinking. 

The  general  equipment,  purchased  from  a  company  that 
had  twice  attempted  to  sink  on  this  property  and  failed, 
consisted  of  one  80-hp.  boiler,  a  hoisting  engine,  one  No. 
5  horizontal  and  one  No.  6  vertical  Cameron  pump,  a  dump 
car,  hoisting  buckets,  etc.  The  men  employed  were  a 
day  and  a  night  engineer,  one  timberman,  and  three  sink- 
ing crews,  each  consisting  of  three  sinkers  and  one  top 
man.  Work  was  continuous  24  hours  a  day  until  the 
sand  was  reached,  when  it  was  cut  to  two  shifts,  the  re- 
maining time  being  used  I'n  repacking  pumps,  etc. 

The  excavation  was  made  8  to  14  ft.  The  curbing  for 
the  first  50  ft.  consisted  of  2  by  4  and  2  by  6  timber  laid 
flatwise,  alternately  with  a  quarter  shaft  bratticed  off 
with  3  by  12  material,  and  the  hoisting  compartments 
divided  by  4  by  6  buntons. 

No  trouble  was  experienced  in  sinking  until  the  bed  of 
sand  at  the  38-ft.  level  was  encountered.  This  sand  car- 
ried a  small  amount  of  water  and,  as  a  shaft  protection,  a 
concrete  ring  was  put  in  behind  the  curb.  The  next  trou- 
ble was  experienced  from  the  42  to  48-ft.  level.  It  had 
been  the  intention  to  assemble  the  shoe  at  this  level,  but 
what  appeared  to  be  a  firm  green  clay  proved  to  be  jointed 
clay  with  a  seam  of  quicksand  through  it  and  the  exposed 
wall  would  not  stand.  Temporary  2  by  12  curbing  was 
put  in  place  and  then  regular  curbing  carried  on  down. 

At  the  50-ft.  level,  in  order  to  safeguard  the  assembling 
of  the  steel  shoe,  125  wooden  mine  ties,  3  by  4  in.  by  4  ft. 
long,  were  sledged  into  the  clay  just  below  the  curb  as 
shown  in  Fig.  2.  Steel  angles,  6  by  4  in.,  were  fastened 
with  lag  screws  to  the  under  side  of  the  ties.  An  excava- 
tion 6  ft.  deep  was  then  made,  undercutting  the  ties  16  in., 
and  a  false  curb  of  2  by  6  boards  built.  The  shoe  was  then 
assembled  at  this  point. 

The  shoe  consisted  of  four  sheets  of  Sg-in.  steel,  two  8 
ft.  long  by  5  ft.  high  and  two  14  ft.  long  by  5  ft.  high,  with 
3-in.  angles  at  the  corners,  and  a  6-in.  pressure  angle 
placed  18  in.  from  the  bottom  of  the  shoe.     The  curbing 
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was  then  built  inside  the  shoe  to  a  height  permitting  the 
jack  screws  to  be  placed  against  the  curb  timbers  of  the 
shaft,  as  shown  in  Fig.  2. 

The  clay  was  then  excavated,  the  shoe  lowered  into  the 
sand,  and  pumping  started.  The  sand  carried  about  60 
gal.  of  water  per  minute,  which  would  rise  about  18  ft. 
above  the  sand  when  pumping  was  stopped. 

In  order  to  avoid  the  formation  of  cavities  behind  the 
curb,  as  little  sand  as  possible  was  excavated.  To  prevent 
an  inrush  of  sand  under  the  shoe,  at  least  IVi  to  2  ft.  of 
sand  had  to  be  left  within  the  shoe.  The  method  of  sink- 
ing was  to  agitate  the  sand  at  the  bottom  of  the  shoe  and 
force  the  shoe  through  it  by  means  of  the  jack  screws 
bearing  against  the  shoe  and  the  curb  of  the  shaft.  Two 
methods  were  used  to  agitate  the  sand.  First,  while  the 
men  could  reach  the  bottom  of  the  shoe,  they  stirred  the 
sand  with  spades.  By  this  method  the  shoe  was  lowered 
about  18  in.  in  the  sand.  Later  the  pumping  system  shown 
in  Fig.  2  was  used. 

In  this  second  process  the  discharge  of  the  No.  6  pump 
could,  when  desired,  be  sent  through  five  %-in.  pipes,  as 
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Fig.  1 — Diagram  of  Material  Penetrated  and  Progress  \n  Sinking  Shafts 

indicated  in  the  drawing,  and  these  five  jets  of  water  could 
be  played  upon  the  sand  at  the  bottom  of  the  shoe.  It 
was  found  that  these  jets  would  agitate  the  sand  suffi- 
ciently to  permit  the  jack  screws  to  push  the  shoe  down, 
except  when  the  sand  was  at  too  high  a  level  inside  the 
shoe,  in  which  case  sand  would  have  to  be  excavated 
before  the  jet  process  could  be  resumed.  In  using  this 
process  the  men  would  stir  the  sand  with  the  jets  for 
about  10  min.,  and  then  tighten  the  jack  screws.  When 
suflicient  space  was  obtained  between  the  timbers  in  the 
shoe  and  the  curbing  above,  the  jack  screws  of  one  side 
were  removed,  and  sets  of  timber  put  in  place  on  top  of 
the  timbers  in  the  shoe,  and  then  the  other  jack  screws 
were  moved.  An  advance  of  18  in.  per  day  was  exceptional 
by  this  method.     More  often  it  was  less  than  a  foot. 

Necessarily  some  sand  had  to  be  excavated  at  times. 
This  had  a  tendency  to  cave  the  dirt  around  the  shaft, 
which  in  turn  caused  an  excessive  down  pressure  and 
broke  the  curbing  apart  a  number  of  times.    An  attempt 
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was  made  to"  overcome  this  trouble  by  supporting  the 
curb  with  I-beams  and  cables  from  the  surface  as  shown 
in  Fig.  1,  Fig.  3.  Ten  12-in.  I-beams  were  supported  on 
cribs  at  the  surface,  and  ten  8-in.  I-beams  were  swung 
under  the  4  by  6  angle  below  the  ties,  these  beams  being 
connected  by  twenty  "s-in.  steel  cables.  When  the  sinking 
was  resumed,  the  curbing  continued  to  break,  the  I-beams 
bent,  and  two  cables  were  broken.  Since  it  appeared  im- 
possible to  hold  the  curb,  it  was  decided  to  timber  the 
shaft  solid  from  the  8-ft.  level  (where  the  mo.st  uniform 
break  occurred)  to  the  bottom  of  the  shoe,  and  then  drop 
this  portion  of  the  shaft  through  the  remaining  5  ft.  of 
sand. 

To  do  this,  the  ties  were  driven  back  into  the  wall  and 
solid  timbering  put  in  between  the  shoe  and  the  upper 
curbing  of  the  shaft.  The  entire  shaft  curbing  from  the 
8-ft.  level  down  was  then  tied  together  with  2  by  6-in. 
stringers.  At  the  8-ft.  level,  2  by  4-in.  by  16-ft.  planks 
were  spiked  to  the  lower  curb,  the  upper  ends  projecting 
above  the  break  as  shown  in  Fig.  1,  Fig.  4,  preventing 
the  loose  material  from  falling  down  the  shaft.  The  jet 
system,  with  occasional  excavations  of  sand,  was  resumed, 
and  the  shoe,  with  50  ft.  of  curbing,  was  lowered  through 
the  sand. 

In  landing  the  shaft  on  the  solid,  seven  boulders  from 
1  to  2  ft.  in  diameter  were  encountered.  Six  of  these 
were  under  the  cutting  edge  of  the  shoe,  and  were  removed 
only  after  being  broken  up  by  means  of  a  long  chisel  and 
sledge. 

While  lowering  the  shaft  through  the  sand,  the  upper 
timbers  of  the  shaft  buckled  18  in.  out  of  line.  This  neces- 
sitated retimbering  of  the  shaft  from  the  top  of  the  sand 
to  the  surface,  an  expensive  undertaking  because  the  old 
timbers  had  to  be  cut  out  and  replaced  in  sections. 

On  completion  of  the  retimbering,  sinking  through  the 
shale  was  commenced.  Three  shifts  of  four  sinkers  each 
were  used  with  an  average  daily  advance  of  5  ft.  The 
only  problem  involved  in  sinking  through  the  shale  was 
the  elimination  of  the  water,  a  considerable  proportion  of 
which  was  choked  off  when  the  solid  was  reached.  This 
water  was  taken  care  of  by  placing  a  water  ring  at  the 
85-ft.  level  with  a  pump  located  at  that  point  to  elevate 
the  water  to  the  surface  as  shown  in  Fig.  1  and  Fig.  5. 

Air  Shaft  Sunk  by  Drop-Shaft  Method. 

The  air  shaft  was  located  350  ft.  from  the  main  shaft, 
and  its  sinking  conditions  were  similar  except  that  the 
surface  at  this  point  was  10  ft.  lower  than  at  the  main 
shaft,  making  the  actual  distance  to  be  traversed  to  the 
solid  63  ft.  6  in. 

The  equipment  was  the  same  as  that  used  at  the  main 
shaft.  The  air  shaft  followed  a  drill  hole  tapped  by  an 
entry  from  the  main  shaft,  so  that  most  of  the  water  was 
drained  through  this  drill  hole  and  then  pumped  to  the 
surface.  Two  shifts  of  three  sinkers,  one  top  man,  and  an 
engineer  were  employed. 

The  size  of  the  excavation  was  the  same  as  before,  8  by 
14  ft.  The  steel  shoe  was  similar  to  the  one  in  the  main 
shaft,  except  that  it  was  10  ft.  high  instead  of  5  ft.  The 
timbering  for  the  first  30  ft.  above  the  shoe  consisted  of 
4  by  6  laid  flat,  tied  together  by  lag  screws  ''s  in.  diameter 
by  10  in.  long,  spaced  2  ft.  apart.  The  shaft  was  divided 
into  three  equal  compartments  by  4  by  6  buntons  as 
shown  in  Plate  3.  The  middle  compartment  was  left  free 
and  was  used  for  hoisting  purposes.  The  end  compart- 
ments were  braced  by  4  by  6  extending  from  the  ends  of 
the  shaft  to  the  sides.  Four  steel  straps  %  in.  by  2  in. 
tied  the  shaft  timbers  together  from  top  to  bottom. 
,  An  excavation  10  ft.  deep  was  first  made,  the  shoe 
assembled  and  lined  with  timbers.  The  sinking  was  con- 
tinued until  the  shoe  was  hung  up  by  the  friction  on  the 
sides.  Then  a  platform  was  built  every  5  ft.  in  the  end 
compartments.  These  5-ft.  chambers  were  filled  with  sand 
to  give  additional  weight,  and  the  sinking  continued.  The 
ground  surrounding  the  shoe  gradually  broke  in  an  oval 
shape.  At  one  place  it  was  necessary  to  fire  a  small  charge 
of  powder  in  order  to  loosen  the  ground  sufficiently  at  one 
end  of  the  shaft. 


ENGINEERING 
AND      CONTRACTING 

As  the  shoe  was  sunk,  timbers  were  added  at  the  top 
of  the  curbing.  This  method  of  building  the  curb  at  the 
top  is  decidedly  better  than  that  of  adding  timbers  at  the 
bottom  since  the  timbers  are  placed  much  more  accurately 
and  expeditiously. 

One  difficulty  experienced  in  the  drop-shaft  method  was 
to  keep  the  bottom  of  the  shoe  level.  When  one  side  of  the 
shoe  got  lower  than  the  other  it  kicked  the  opposite  side 
outward.  To  right  it,  the  lower  side  was  blocked  until  the 
higher  side  caught  up. 

The  progress  through  the  drift  material,  until  the  sand 
was  reached,  was  slow,  much  slower  than  at  the  main 
shaft.  The  drop-shaft  went  much  faster,  however,  after 
reaching  the  sand.  In  fact,  the  difficulty  at  that  time  was 
to  keep  the  bottom  of  the  shaft  from  moving  faster  than 
the  top.  When  within  10  in.  of  the  bottom  of  the  sand, 
the  shaft  broke  apart  20  ft.  up  from  the  shoe.  This  was 
due  to  the  fact  that  the  movement  of  the  shoe  was  faster 
than  that  of  the  top  of  the  shaft,  and  to  the  insufficient 
strength  of  the  straps  connecting  the  top  and  bottom  of 
the  curb.  At  this  point  (20  ft.  above  the  shoe)  the  curb 
separated  from  6  to  8  in.,  and  the  upper  part  of  the  shaft 


Fig.    2— Detailed    Sl<etch    of    Sinking    Shoe,    Jack    Screws    and    Pumps. 

kicked  over  9  in.  north  and  east  of  the  lower  part.  A  tem- 
porary platform  of  8  by  8  timber  was  put  in  the  end  com- 
partm.ents  of  the  shaft  at  this  place,  and  time  given  for 
the  upper  part  of  the  shaft  to  settle  down  before  starting 
the  excavation  again.  The  sinking  was  then  continued  and 
the  shoe  landed  on  the  solid  without  further  difficulty, 
aside  from  hitting  two  small  boulders  at  the  bottom  of  the 
sand. 

As  the  excavation  was  larger  than  necessary  for  an  air 
shaft,  it  was  decided  to  cement  the  shaft  for  a  distance  of 
28  ft.  from  the  bottom  of  the  shoe,  in  order  to  shut  oft'  the 
water.  A  wall  of  cement  4  to  8  in.  thick  was  accordingly 
then  constructed. 

After  the  cement  was  given  time  to  set  thoroughly,  the 
excavation  was  again  started  in  the  shale  and  continued 
without  difficulty  to  the  coal.  Sinking  through  the  shale  in 
the  air  shaft  cost  slightly  more  than  in  the  main  shaft 
because  work  in  the  mine  prevented  as  careful  supervision 
being  given  the  sinkers  in  the  air  shaft. 

One  difficulty  encountered  in  drop-shaft  sinking  was  in 
keeping  the  position  of  the  shaft  vertical.  At  one  time 
this  shaft  was  2  ft.  out  of  plumb.  By  regulating  the  move- 
ment at  the  bottom  of  the  shoe,  the  shaft  partly  righted 
itself,  until  at  the  finish,  in  a  total  depth  of  63  ft.  6  in. 
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to  the  shale,  the  bottom  of  the  shaft  was  16  in.  to  the 
south  and  10  in.  to  the  east  of  the  top.  Part  of  this  varia- 
tion was  remedied  in  the  cementing  of  the  shaft. 

A  much  larger  amount  of  sand  was  removed  in  sinking 
the  air  shaft  by  the  drop-shaft  method  than  in  sinking  the 
main  shaft.  This  could  be  done  without  danger  of  a  cavity 
forming,  because  the  surface  dirt  followed  the  air  shaft 
down  as  it  descended.  When  the  sinking  through  the  sand 
was  completed,  the  surface  directly  surrounding  the  air 
shaft  had  caved  to  a  depth  of  15  to  16  ft.  and  for  a  dis- 
tance of  20  ft.  in  all  directions  from  the  shaft.  In  fact,  all 
the  shale  that  was  removed  through  the  remaining  92  ft. 
to  the  coal  did  not  fill  this  space  at  the  surface. 
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Fig.    3 — Method     Employed     in     Sinking     Air    Shaft. 

A  comparison  of  the  costs  of  the  two  shafts  is  as  fol- 
lows : 

Labor:                                                      Main  .shaft.  .\ir  shaft. 

Through  drift  material $    itlS.Su  $    S79.0S 

Through  sand    1,941.80  541. f,2 

Through  shale 1,065.68  1,213.30 

$3,924.28  $2,544.00 

Superintendence   600.00  435.50 

Uetlmberlng    1,343.23  

Cementing     207.68 

Total  labor  cost $5,867.51  $3,187.18 

Materials:  A 

Curbing    $1.87S  «  $l.l;i5.i7 

Supplies     900.14  642.74 

Power.  light,   water,  insurance,   etc.  1.24S.50  649.71 

Total  curbing,  etc.,  cost $4,027.26  $2,487.62 

Total  costs  of  shafts $9,894.77  $5,674.80 

Conclusions. 

In  this  particular  work  there  was  no  question  about  the 
superiority  of  the  drop-shaft  method  of  sinking.  It  made 
a  net  saving  of  $4,300  in  the  total  cost  of  the  air  shaft 
compared  with  the  main  shaft.  A  saving  of  .$2,700  was 
effected  in  the  labor  cost,  while  in  the  cost  of  materials, 
power,  etc.,  the  saving  was  $1,600.  A  saving  in  time  also 
resulted,  30  days  being  required  to  traverse  the  sand  with 
the  main  shaft,  while  the  air  shaft  was  dropped  through 
it  in  17  days. 

From  the  results  obtained  in  these  two  shafts,  and 
from  the  experience  of  others  in  the  western  interior  coal 
field,  we  believe  that  the  drop-shaft  method  of  sinking  is 
the  safest,  most  economical,  and  most  successful  that  can 
be  adopted  for  sinking  through  soft  material  that  lies 
within  100  ft.  of  the  surface.  At  greater  depths  a  varia- 
tion of  the  method  can  be  used  by  first  sinking  a  larger 
shaft  close  to  the  soft  material,  and  then  telescoping  a 
drop-shaft  within  it. 
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PROCEDURES  THAT  REDUCED  COSTS  IN  SINK- 
ING FOUR  INCLINED  MINE  SHAFTS. 

The  four  articles  on  shaft  sinking  methods  which  fol- 
low e.xhibit  well  the  variations  in  methods  that  slight 
differences  in  conditions  impose.  Each  example  also  re- 
cords some  procedure  varying  from  the  normal  and  found 
economical.  In  the  first  article  attention  is  called  to  the 
carriage  of  the  mucking  bucket  on  a  ropeway  attached 
to  the  hanging  wall  of  the  shaft.  The  second  article 
describes  a  method  of  carrying  the  bucket  on  skids  on 
the  footwall.  Article  three  is  notable  for  the  means 
adapted  to  clear  the  flatly  inclined  shaft  from  smoke 
after  blasting.  The  fourth  article  analyzes  the  time  costs 
and  progress  in  shaft  work  done  at  unusual  speed.  These 
articles  are  contributed  by  Albert  E.  Hull,  Sable  River, 
Copper  Co.,  Massey,  Ontario: 

•  _ 

1. 

Method  of  Sinking  an  Inclined  Shaft,  Cream  Hill  Mine, 

Ontario. 

The  completed  shaft  at  this  mine  was  8x24  ft.,  but  the 
shaft  that  was  sunk,  as  we  understand  shaft  sinking, 
was  only  8x12  fit.,  or  half  the  size  of  the  finished  shaft. 
This  first  half  having  been  completed,  the  second  half 
was  sloped  down  into  it.  The  shaft  was  inclined  at 
68  degrees.  Two  bars  were  used,  with  one  machine  on 
each  bar.  It  was  found  that  22  holes  were  required  to 
give  a  good  break  of  the  ground.  A  double  cut  was  used, 
but  only  four  holes  were  drilled  for  the  inside  cut,  while 
six  were  put  in  for  the  outside  or  second  cut  holes.  The 
sketch.  Fig.  1,  shows  the  shaft  in  plain  and  both  longi- 
tudinal and  cross  section.  The  four  inside  cut  holes  are 
marked  1  and  the  outside  cut  holes  2.  For  the  rest  of 
the  round  or  "square  up"  six  holes  on  each  side  of  the 
shaft  were  found  necessary  and  sufficient.  This  makes 
a  total  of  11  holes  on  each  side  of  the  shaft,  or  22  holes  in 
all.  In  blasting,  the  inside  cut  holes  marked  1  were  fired 
first  and  the  second  set  of  cut  holes  marked  2  were  fired 
next.  After  the  shaft  had  been  mucked  out  the  rest  of 
the  holes  were  fired.  The  cuts  usually  pulled  about  7  or 
8  ft.,  using  about  450  to  500  sticks  of  powder  to  the 
round.  Gelignite,  a  Canadian  Explosive  Co.  product,  was 
used.  The  important  part  in  any  rock  excavation  is  to 
get  the  cut  out.  If  this  is  gotten  out  clean  the  rest  of 
the  round  comes  easily.  Therefore  in  the  case  in  ques- 
tion if  a  cut  did  not  come  very  well  when  blasted  the  first 
time  it  was  always  blasted  again  before  any  attempt  to 
blast  the  remainder  of  the  round  was  made.  This  shaft 
was  sunk  in  schist  and  the  cost  of  this  first  part  ran  from 
about  $22  to  $25  per  ft. 

Mucking  was  done  into  a  bucket  pulled  to  the  level 
above  by  an  air  hoist  located  on  the  level.  The  bucket 
worked  in  the  end  compartment  of  the  shaft  and  the 
skip  which  ran  to  the  surface  was  lowered  in  the  next 
compartment,  so  that  the  bucket  could  dump  into  it.  The 
hoist  used  had  two  drums.  One  of  these  carried  the 
hoisting  rope  attached  to  the  bucket,  while  on  the  sec- 
ond drum  was  the  rope  for  the  bucket  trolley  to  travel 
on.  The  machine  men  before  pulling  their  machines 
down  upon  completing  a  round  always  drilled  a  hole  near 
the  bottom  of  the  shaft,  as  shown,  into  which  an  eye  bolt 
was  inserted,  and  one  end  of  the  running  cable  was  at- 
tached to  this.  The  cable  needs  to  be  very  tight  and  it 
was  usually  made  so  by  turning  the  steam  on  and  pull- 
ing it  as  tight  as  possible  and  then  setting  the  brakes. 
This  made  a  very  satisfactory  mucking  arrangement. 

After  the  first  half  of  the  shaft  had  been  completed 
work  was  started  on  the  second  half.  This  part  was 
simply  stoped  down  into  the  first  half.  The  blast  threw 
the  muck  to  the  bottom  of  the  first  half.  The  number 
of  holes  used  in  the  second  part  depended  on  the  ground 
to  be  taken  out  and  varied  from  8  to  12.  The  cost  of 
this  half  of  the  shaft  was  low,  as  the  work  approaches 
that  of  stoping.  It  ran  about  $12  per  foot.  No  drilling 
time  was  lost  when  working  in  the  second  half  due  to 
mucking.  As  soon  as  all  the  holes  had  been  drilled  and 
blasted  and  the  bench — because  the  second  half  of  the 
shaft  was  really  a  bench — had  been  scaled  and  cleaned 
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off,  so  as  to  make  it  safe  for  muckers  working  at  the  bot- 
tom of  the  first  part,  the  machines  were  set  up  again  and 
drilling  started.  Extreme  care  must  be  taken  that  no 
steel  or  other  articles  are  allowed  to  slip  over  onto  the 
heads  of  the  muckers. 

For  some  time  there  has  been  a  controversy  as  ta 
whether  it  is  more  economical  for  the  machine  men  after 
they  have  finished  blasting  to  be  placed  drilling  else- 
where and  let  muckers  do  the  shoveling,  thereby  saving 
on  the  cost  of  shoveling,  or  whether  the  machine  men 
should  do  their  own  mucking.  The  method  described 
above  is  a  sort  of  compromise  between  the  two  plans. 


therefore  a  rock  prentise  was  left  to  protect  the  men 
working  at  the  sinking.  To  raise  the  muck  from  the  sink- 
ing operations  two  buckets  were  used,  and  air  hoist  op- 
erated each  bucket;  that  is,  two  hoists  were  used,  and 
they  were  located  on  the  eighth  level.  One  hoistman 
was  able  to  attend  to  both  hoists.  For  the  skips  the 
two  center  compartments  were  used  and  the  prentise 
left  under  these.  The  buckets  therefore  worked  one  in 
each  of  the  end  compartments,  which  explains  why  two 
hoists  were  necessary.  One  of  these  end  compartments 
was  the  ladderway  and  by  moving  the  ladder  over  to  the 
wall   it  was  possible  to  operate  the  bucket  in   it.     The 
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Figs.    1    to    3 — Shaft    Sinking    IMethods    in    Ontario. 


II. 


Method  of  Sinking  Shaft  of  Creighton  Mine,  Massey, 
Ontario,  Canada. 

The  method  of  drilling  the  round  in  this  shaft  was 
very  similar  to  that  of  the  Crean  Hill  shaft,  but  the 
ground  was  taken  out  in  one  part  and  not  in  two,  as  in 
the  first  case.  The  greatest  contrast  in  the  two  methods, 
however,  is  in  the  way  of  handling  the  muck.  In  the 
case  of  the  Crean  Hill  shaft  the  bucket  was  pulled  up 
on  a  trolley  running  on  a  cable  on  the  hanging  wall.  In 
the  present  case  the  bucket  was  run  on  skids  on  the  foot- 
wall.  The  shaft  was  inclined  at  47  degrees.  This  was 
not  the  case  of  a  new  shaft  being  sunk,  but  of  a  working 
shaft  being  deepened.  The  work  was  started  at  the  eighth 
level.  The  shaft  was  a  four-compartment  working,  with 
two  skipways,  a  cage  compartment  and  a  ladder  and  pipe- 
way.    The  ore  skips  were  loaded  at  the  seventh  level,  and 


other  end  compartment  was  the  cageway.  The  cage  was 
not  run  below  the  sixth  level,  which  made  the  use  of  the 
other  end  compartment  by  the  second  bucket  possible. 

In  the  footwall  of  the  shaft  above  the  eighth  level  and 
below  the  ore  pockets  where  the  skips  loaded  a  pocket 
was  raised  from  a  drift  run  in  behind  the  shaft  on  the 
eighth  level.  This  pocket  was  divided  into  three  parts, 
the  center  part  corresponding  to  the  two  skipways  and 
each  side  part  being  arranged  so  that  the  buckets  from 
the  shaft  could  dump  into  them.  The  buckets  dumped 
automatically,  so  that  no  attendant  was  necessary.  At 
the  bottom  of  the  pocket  chutes  were  built  and  the  rock 
drawn  off  into  cars  and  trammed  to  the  regular  rock 
pocket  on  the  eighth  level  and  hoisted  with  the  other 
development  rock.  In  this  way  the  hoisting  of  ore  was 
not  interfered  with.  The  center  part  of  the  pocket  caught 
spillage  from  the  loading  of  the  skips.  The  diagram. 
Fig.  2,  makes  quite  plain  this   method  of  handling  the    i 
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rock  broken  in  sinking  operations  while  regular  work  is 
going  on. 

III. 

Method  of  Sinking  Dime  Mine  Incline,  South  Porcupine, 
Ontario. 
This  method   is  for  a  very  flatly  inclined   shaft,  and, 
while  classed  under  shaft  sinking,  the  shaft  was  in  reality 
raised.     The  inclination  was  about  10  degrees.     The  size 
of  the  shaft  was  12x8  ft.     In  each  round  32  holes  were 
drilled.     Referring  to  Fig.  3,  it  will  be  seen  that  there 
were  five  holes  in  each  side  of  the  cut  and  that  the  center 
cut  was   used.     These  holes  are   numbered   1.     For  the 
holes  on  each  side  of  the  cut  only  four  were  found  neces- 
sary in  each  row,  except  in  the  side  holes,  where  only 
three  were  necessary.     This  gave  the  back  of  the  incline 
a  fair  arch.     Two  machines  were  employed,  one  drilling 
each  side  of  the  round,  and  both  working  off  the  same 
bar.     About  5  or  6  ft.  was  pulled  in  a  round  and  25  ft. 
per  week  was  considered  a  fair  rate  of  advance.    The  cut 
was  fired  first,  for  it  is  necessary  to  draw  the  cut  out 
well  before  the  rest  of  the  round  can  do  the  best  work 
with  the   least  powder  possible.     If  the  cut   broke  well 
the  rest  of  the  round  was  then  fired,  but  if  by  any  chance 
the  cut  failed  to  come  it  was  blasted  a  second  time.   After 
the  incline  had  advanced  a  short  distance  a  great  deal 
of  time  was  lost  after  blasting,  due  to  the  gas  and  smoke 
which   prevented    the   men    from   returning   to   the   face. 
The   air   was   always   turned   on    in   the   machine   hoses, 
which  were  dragged  to  the  face  as  soon  as  possible,  but 
this  was  not  a  very  effective  way  to  blow  out  the  smoke. 
Various  means  were   considered  to   lessen  the  time   lost 
due  to  blowing  smoke,  and  finally  a  water  hose  was  de- 
cided upon.     A  line  was  run  from  the  pump  at  the  sump 
and  the  valve  for  turning  the  water  into  the  face  was  at 
the  pump.    Before  blasting  the  water  hose  with  its  nozzle 
was  set  pointing  toward  the  face  a  short  distance  from  it 
and  some  muck  put  on  it  to  keep  it  in  place  while  blast- 
ing was  in  progress  and  to  protect  the  hose  from  flying 
rock.    Just  the  nozzle  was  exposed.     After  the  holes  had 
been  lighted  for  a  short  time,  so  that  there  would  be  no 
danger  of  the  water  causing  a  misfire  by  playing  on  a 
fuse,  the  valve  at  the  pump  was  opened.     About  five  min- 
utes after  the  last  hole  had  exploded  the  men  returned 
to  the  incline  and  dragged  the  hose  to  the  face,  spraying 
all  the  walls   and   muck.     While  before  the   use  of'  the 
water  it  had  been   necessary  to  wait  probably  an   hour 
before  it  was  possible  to  start  and  set  up  the  bars  for 
the  drilling  of  the  next  round,  after  the  water  had  been 
introduced  the  setting  up  started  in  about  10  minutes. 

The  machine  men  did  no  mucking,  A  small  air  hoist 
was  placed  at  the  bottom  of  the  incline  and  was  operated 
by  one  of  the  trammers.  An  extra  bar  was  set  up  a  short 
distance  behind  the  machine  bar  and  a  block  fastened 
to  it.  A  cable  run  through  the  block  was  attached  to 
the  car,  which  was  pulled  up  the  incline  by  the  air  hoist 
below.  One-ton  cars  were  used.  It  was  found  that  two 
cars  could  be  run  in  tandem  without  any  trouble,  which 
gave  the  trammers  more  room  to  work  in  and  gave  quicker 
handling  of  the  muck.  The  cars  being  loaded  were 
lowered  down  the  incline  to  the  level  below  and  trammed 
to  the  working  shaft  and  hoisted  on  the  cage. 


IV. 

Method  of  Sinking  Shaft  3,  Creighton  Mine,  Massey, 

Ontario. 

This  shaft  was  a  new  shaft  sunk  from  surface  and  at 
present   writing  has  not   been  completed.     The  work   in 
this  shaft  has  been  remarked  upon  in  various  technical 
magazines  because  of  the  speed  that  was  attained,  and 
while  the  speed  did  not  come  up  to  that  of  the  new  shaft 
of  the   Newport  Mine   at   Ironwood,   Mich.,   nevertheless 
the  work  ranks  with  the  best  done  in  America  and  sur- 
passes all  records  of  the  district.    The  shaft  was  33x8  ft. 
and  inclined  at  55  degrees.     All  the  mucking  was  done 
by  machine  men,  but  the  mucking  differed  from  the  ex- 
amples described  in  the  first  parts  of  this  article  in  that 
no  bucket  or  car  was  resorted  to,  but  a  good  temporary 
headframe  was  erected  as  soon  as  the  shaft  had  gotten 
through  the  broken  surface  rock  and  a  good  solid  rock 
was   reached.     At  this  time  the   sinking  work  was  sus- 
pended and  a  concrete  collar  was  put  in,  as  well  as  the 
headframe  and  a  two-drum  hoist.     The  hoist  was  elec- 
trically driven.     The  whole  sinking  rig  was  superior  to 
many  permanent  hoisting  rigs  at  smaller  mines.    Mucking 
was  done  directly  into  the  skips.     The  skips  dumped  au- 
tomatically in  the  headframe  rock  bin.    The  same  type  of 
cut  as  that  employed  at   Crean   Hill   was   used,   but  the 
shaft  was  sunk  all  in  one  part.     This  is  the  double  cut 
in  the  center  of  the  shaft.    Blasting  was  done  electrically 
from  the  lighting  circuit  and  the  cut  was  fired  first,  after 
which  it  was  mucked  out  and  the  rest  of  the  round  fired 
and  mucked.     Usually  two  blasts  were  sufficient,  but  oc- 
casionally three  were  necessary.     Three  bars  were  used 
on   each   side   of  the   shaft,   each   bar  carrying  two  ma- 
chines, making  a  total  of  12  machines.     Canadian  Inger- 
soll-Rand    No.    43    piston    machines    were    employed.      It 
might  be  noted  as  a  matter  of  interest  in  passing  that 
so  many  machines  operating  in  so  small  an  enclosed  space 
made  a  noise  that  was  deafening  and  many  of  the  men 
stuffed   their    ears    before    going   to    work.      The     round 
pulled  ranged  all  the  way  from  6  to  10  ft,  but  averaged 
up  about  7  ft.     Complete  and  accurate  figures  were  kept 
of  all  operations  and  one  man  was  employed  each  shift 
that  did  nothing  but  keep  the  log  of  operations.     This 
information  was  handed  over  to  the  engineering  depart- 
ment and  an  elaborate  daily  report  was  kept,  from  which 
c  monthly  sheet  was  prepared.     The  figures  for  several 
months  are  shown  in  the  accompanying  Table  I. 

The  shaft  was  sunk  in  granite  most  of  the  way.  Con- 
siderable time  was  lost  blowing  smoke  until  the  shaft 
had  advanced  far  enough  to  enable  a  connection  to  be 
made  to  one  of  the  levels  which  furnished  a  good  draft. 
At  the  eighth  level  a  drift  was  run  into  the  line  of  the 
shaft  and  a  raise  was  put  up  to  meet  the  shaft  above. 
Chutes  were  constructed  at  the  raise  bottom,  with  the 
idea  that  muck  could  be  drawn  off  here  after  the  raise 
met  the  shaft  and  that  the  machine  men  could  employ 
all  their  time  drilling.  After  the  shaft  met  the  raise  the 
work  approached  sloping  in  nature,  and  it  was  thought 
that  great  speed  would  be  attained  at  this  point.  The 
raise  was  not  put  up  the  full  size  of  the  shaft,  it  is  to 
be  understood,  but  was  only  about  5x5  ft.,  and  the  re-st 
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of  the  shaft  was  stoped  into  it.  The  raise  proved  to  be 
rather  small  and  the  muck  could  not  be  drawn  off  quickly 
enough,  so  that  considerable  mucking  had  to  be  done  by 
the  machine  men  after  all.  The  raise  choked  up  once  or 
twice  and  had  to  be  blasted  down,  so  that  on  the  whole 
this  raise  did  not  justify  any  similar  raises  from  lower 
points.  True,  a  few  additional  feet  were  gained  in  the 
rate  of  advance,  but  the  rock  drawn  off  through  the  raise 
had  to  be  handled  through  the  main  working  shaft,  and 
this  interfered  with  the  ore  output. 

No  figures  are  available  on  the  cost  of  this  work.  It 
took  8  to  10  hours  to  drill  off  the  round  and  about  24 
hours  to  muck  it  out  and  blast.  The  table  shows  the 
percentages  of  time  consumed  in  the  various  operations. 


BLASTING  BOULDERS   AND  ROCK  LEDGES. 

Contributed    b>"    Thitnias    AI.    Knight,    E.    I.    I)up(int    De    Nemuurs    Co.. 
Wilmington,  Del. 

There  are  three  distinct  methods  successfully  employed 
today  in  the  blastinp-  of  boulders  from  building  sites  or 
railroad  and  highway  right-of-ways.  These  are  blockhol- 
ing,  snakeholing,  and  mudcapping.  A  shot  combining  both 
snakeholing  and  mudcapping  is  sometimes  made  on  very 
large  boulders  where  it  is  not  practical  to  drill  into  the 
rock  for  a  blockhole  shot. 


TAUi.t:  I.— SHOWi.Nd  THi-:  .\i'ri:o.\i.M.\TF.  .vmoint  ok  dyna- 

.\IITE  RKQUIKED  TO  BKH.AK   B<  )l  ■LDKHS.  B.\S1:;U  UN  USING 
■A    50%     STKIO.N'GTH    STK.VICHT    NITUOGIA-CErilNIi 
.  DYN.V.MITE. 

Diameter  of 
rjoulder  in  Feet. 

I'/i 


, Number  of  Cartridges  Required 

JIudcaDplng.  SnakeholinK.  •  Blockhollng. 

:;  1  Vi 

:!  1  '.4 

4  H4  % 

Don't  attempt  4  % 

Don't  attempt  6  1 


cartridge  and  packed  firmly  into  the  bottom  of  the  hole. 
A  small  hole  is  made  in  this  firmly  pressed  dynamite  with 
a  sharp  stick,  and  in  this  is  inserted  a  blasting  cap  and 
fuse.  The  hole  is  then  tamped  full  of  moist  earth.  Care 
should  be  taken  to  have  this  tamping  material  packed  very 
firmly  (see  Fig.  1).  The  gases  caused  by  the  explosion 
are  so  perfectly  confined  bj-  this  method  that  excellent 
results  may  be  secured  with  a  comparatively  small  amount 
of  a  low  strength  dynamite.  A  glance  at  the  accompany- 
ing Table  I  shows  that  it  requires  only  about  one-eighth 
as  much  dynamite  to  break  a  boulder  this  way  as  it  would 
to  break  it  by  mudcapping. 

In  breaking  a  boulder  by  the  snakehole  process,  a  hole 
is  punched  down  with  a  bar  directly  under  but  along  side 
of  the  boulder  (see  Fig.  2).  The  hole  should  be  punched 
deep  enough  so  that  the  charge  of  dynamite  will  rest  di- 
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FUSE.     I     I 

V////// 

TAMP/NG       / 

5TINQ    CAP  / 
CARTRIDGE  / 

5LIT  cartridges/. 
PRE5SED  TIGHT    // 

PROPER  METHOD  OF  PL\CINr,  AND  LOADING  \  BOULDER  FOR 
SNAKEHOLE  SHOT 


MUD 
DYNAMITE 


(BLASTING  CAP 
I  FUSE. 


CORRECTLY   PLACED   MUDCAP.     THE    MUD   COVERING    SHOULD    BE 
SEVERAL  INCHES  THICK 


CORRECT  METHOD  OF  LOADING  THE  OUT-CROP  OF  A  ROCK  LEDGE 


rig.   1 — Properly   Placed    Blockhole   Chartje. 
Fig.    3 — Correctly    Placed    Mudcap. 


Fig.   2 — Proper   Method   of   Placina   and   Loading   a   Snakehole. 
Fig.  4 — Blasting   Outcrop    Ledge. 


Of  these  methods  employed,  blockholing  requires  the 
least  amount  of  dynamite,  but  calls  for  the  greatest 
amount  of  labor.  Mudcapping  demands  the  greatest 
amount  of  dynamite  and  the  least  amount  of  labor  and 
time,  while  snakeholing  lies  between  the  two,  as  it  re- 
quires a  moderate  amount  of  both  dynamite  and  labor. 

Probably  the  best  way  lo  break  up  very  hard  boulders 
is  by  the  blockhole  method.  This  consists  in  boring  a  hole 
about  II4  in.  in  diameter  about  half  way  through  the 
boulder.    The  dynamite  used  should  be  removed  from  the 


rectly  under  the  heaviest  part  of  the  boulder.  The  dyna- 
mite cartridges  are  placed  in  the  bore  hole  in  as  compact  a 
position  as  Dossible,  and  to  secure  this  the  cartridges  are 
generally  slit.  A  primer  is  inserted  and  the  bore  hole 
packed  tightly  with  a  moist,  plastic  material.  Blasts 
of  this  sort  are  generally  fired  with  blasting  cap  and  fuse. 
A  40  per  cent  Extra  dynamite  is  best  suited  for  work  of 
this  sort.  Electric  blasting  is  not  generally  resorted  to 
unless  the  boulder  is  very  large  and  two  or  more  shots 
are  required. 


S  c  p  t  e  m  l3  e  r    2  0,    19  16 
\-oI.    XL\'I.       Xo.     12 

Some  people  use  this  method  of  blasting  to  lift  the 
boulder  out  of  the  ground  and  then  break  it  up  with  a 
mudcap.  The  boulder  may  be  lifted  out  readily  by  follow- 
ing the  method  just  described,  the  only  difference  being 
that  a  smaller  amount  of  dynamite  is  used. 

Mudcapping  (Fig.  3),  is  the  easiest  method  of  all. 
While  it  requires  the  most  dynamite  of  any,  yet  it  is  not 
necessarily  the  costliest,  as  the  saving  of  time  and  labor 
goes  a  long  way  toward  paying  for  the  extra  dynamite  that 
is  required. 

In  mudcapping,  the  dynamite  is  taken  from  the  cartridge 
and  is  placed  on  the  boulder  in  a  conical  shaped  pile  just 
where  the  boulder  would  l)e  hit  with  a  sledge,  if  it  were 
possible  to  break  it  in  this  manner.  The  explosive  is 
packed  down  firmly  and  a  blasting  cap  and  fuse  is  put  in 
the  top  of  this  miniature  pyramid.  A  covering  of  thick, 
plastic  mud  must  be  placed  over  this  dynamite.  This 
should  be  at  least  five  or  six  inches  in  thickness.  Care 
should  be  observed  to  see  that  this  mud  covering  is  free 
from  stones  or  other  heavy  matter,  as  the  force  of  the  ex- 
plosion will  throw  such  material  at  terrific  speed.  A  stone 
or  plank  should  never  be  placed  on  top  of  the  mudcap  for 
the  same  reason. 

A  quick-acting  dynamite  is  required  for  this  class  of 
work,  and  the  Extras  or  a  Straight  Nitroglycerine  dyna- 
mite will  produce  the  best  results.  A  40  per  cent  Extra 
will  be  found  satisfactory  on  easily  broken  rock,  but  on 
very  hard  rock  a  50  per  cent  Straight  dynamite  will  be 
required. 

If  a  portion  of  the  boulder  extends  into  the  ground,  do 
not  try  to  break  it  by  mudcapping,  as  the  confining  dirt 
makes  it  harder  for  the  explosives  to  do  their  work.  In 
cases  of  this  sort  the  boulder  may  be  rolled  out  by  a 
snakehole  shot  and  then  broken  by  mudcapping. 

When  blasting  boulders  near  a  highway  or  railroad 
where  there  is  more  or  less  travel,  it  will  probably  be  bet- 
ter to  fire  the  charges  electrically.  This  has  the  advantage 
over  the  blasting  cap  and  fuse  insomuch  that  the  exact 
instant  of  explosion  is  under  the  control  of  the  operator 
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of  the  blasting  machine,  and  the  charge  may  be  fired  at 
the  moment  desired. 

For  very  large  boulders  where  it  is'not  practical  to  drill 
into  them,  they  may  be  broken  up  by  a  combination  snake- 
hole  and  mudcap  shot.  This  may  be  accomplished  by 
placing  a  large  mudcap  charge  on  top  of  the  boulder  and 
one  or  more  snakehole  charges,  depending  on  the  size  and 
shape  of  the  boulder.  These  are  connected  up  and  fired 
electrically.  The  force  of  the  explosions  on  two  sides  of 
the  boulder  at  the  same  time  greatly  increases  the  shock 
and  does  better  and  more  effectual  work  than  by  either 
one  of  the  methods  alone. 

In  blasting  off  rock  ledges  as  shown  in  Fig.  4,  the  dirt 
is  first  cleared  off  and  a  bore  hole  put  down  and  fired  as 
in  an  ordinary  blockhole  shot.  If  the  ledge  is  wide,  then 
a  series  of  holes  are  put  down  extending  clear  across  the 
ledge.  The  holes  are  loaded,  connected  up,  and  fired  by 
the  electric  method. 


DAILY   REPORT    FORM   FOR  STEAM    SHOVEL   AND 
DRAG    LINE    EXCAVATION    WORK. 

Contrihuteci    by   Fred    R.    Jones   Co.,    Contractors,    Chicago,    III. 

The  report  illustrated  is  made  out  by  our  field  office 
the  first  thing  each  morning  following  the  previous  day's 
work.  One  copy  is  retained  for  the  field  file  and  the  other 
is  sent  in  to  this  office.  You  will  note  the  total  days' 
expense  as  well  as  the  total  labor  expense  to  date  is  car- 
ried forward  and  included  with  the  total  supply  and  other 
miscellaneous  expenses  to  form  the  grand  total  expense 
marked  "X."  By  use  of  these  reports  we  are  enabled  to 
keep  a  close  watch  on  the  daily  output  as  well  as  the  daily 
expense,  and  we  can  tell  each  day  just  how  the  contract 
stands  for  the  month.  We  use  this  report  on  our  steam 
shovel  and  dragline  excavation  work,  but  have  another 
similar  form  for  other  classes  of  work  we  might  have 
under  contract,  but  all  based  on  this  original  outline. 


^^'^''                                              THE  FRED  R.  JONES  CO.  (Inc.)       . 

STEAM    SHOVEL    DAILY    TIME    AND     SUPPLY     REPORT 
Contract.                                                                            Shovel  Xo. . 

1 

Occupation 

Xo. 

Hours      Rate 

Amount 

Material  and  Sup- 
plies Received 

Amount 

Freight  or 
Express 

Total  Amount 

Work  Done 

Superintendent 

1 

Coal 

1 

C    Yds    Earth  Mnvpd 

-  1 

1 

Oils 

Track  Materials  . . 

Loco.  Engineers 

C.  Yds.  Rock  Moved 

Hay  .. 

1 



Cranesmen 

Previous    " 

Grand  Total 

Firemen 

Tot\l 

1 

Watchmen 

Xo.  Cars  this  dav 

Outside  Labor  and  Bills  Repairing  Plant 

Amount            | 

Water  Boys. 

Brakemen 



Main  and  Field  OllBce  Expense  . 
Public  and  Liability  Insurance  . 

!            1 

Conductors 



1 

Carpenters 

1 

Blacksmiths 

Xo.  Feet  Track  Laid 

: 

Blacksmith  Helpers. .. . 





Grand  Total 

:::;::: 

Previous 

Xo.  of  Trains  this  day 



Total  Expenss 
Grand  Total. 

;;;;;;;;! 

i^'i^eTs.'.'.'.'.'.'...    ....'. 



' 

Yards  per  Car 

Powder  Men 

Distribution.  Day's  Expense 

Time  Keepers 

1 

Superintendent 

Ft.  Track  Ballast  this  day 

Pump  Men 

S.  S.  Expense 



Trainmen 

Teams 

Dump 

'I 

Approved 

Sin.  Horses  and  Carts. . 

Trestle 

Laborers 

:*:;:"i 

Track. . 

1 

1 

1                     1 

Blasting 

1 

Grading 

i 

I 

Manager 

Supt. 

.Time  Keeper 

Previou'i  . . . 

Total  

Total 

I 

I.I 

1 

■ 1 

Form   for   Recording   Steam    Shovel    Excavation. 
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COST  OF  EARTH  WORK  OF  THE  SECOND  UNIT 

OF  THE  DODSON  NORTH  CANAL,  MILK 

RIVER  PROJECT,  MALTA,  MONT. 

Contributed   by  A.    E.   Bechtel,    Salt  Lake   City.  Utah. 

The  earth  work  of  the  second  unit  of  the  Dodson  North 
Canal,  Milk  River  Irrigation  Project,  near  the  town  of 
Malta,  Mont.,  was  done  by  contract  under  the  direction  of 


the  United  States  Reclamation  Service,  C.  H.  Schlect, 
Project  Manager,  and  F.  O.  Hansen,  Superintendent  of 
Construction  for  the  Service.  Work  was  begun  on  Sept.  1, 
1913,  and  completed  on  Sept.  1,  1914.  There  were  230,000 
cu.  yd.  of  e.xcavation  in  canals  and  70,000  cu.  yd.  in 
waste  water  ditches.  The  canals  were  from  5  to  10  ft. 
bottoms  with  a  slope  of  2  to  1,  and  contained  from  100 
cu.  yd.  to  1,300  cu.  yd.  to  the  station  averaging  about  400. 
Approximately  20,000  cu.  yd.  was  wet  and  30,000  cu.  yd. 
was  hillside  work. 

The  waste  water  ditches  had  from  3  ft.  to  20  ft. 
bottoms  (mostly  3  ft.)  with  a  slope  of  iy2  to  1,  and 
averaged  about  100  cu.  yd.  per  station;  10,000  cu.  yd.  was 
wet  excavation.  About  35,000  cu.  yd.  were  cast  into  the 
canal  banks  with  an  Austin  reversible  elevating  grader 


l-Vhr-rtJR*^-' 
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Construction    Views    on    Dodson    Canai,    iVliil<    River    Irrigation    Project. 


TABLE    III.— CO.ST    OF    EXCAVATION    AND    BACKFILL    FOR    STRUCTURES. 


Structure —  E.xcav. 

Cu  yd. 

Spillway     104.5 

Spillway     78.8 

Spillway     77.0 

Spillway     53.6 

Spillway     104.2 

Automatic   way   162.2 

Automatic   way    361.5 

.\utomatic   way    165.0 

Automatic   way    346.0 

Automatic   way    202.1 

Automatic   way    363.0 

Spillway     117.6 

Spillway   and   check    45.4 

Total    2,180.0 

Ry.    box  culv 462.7 

Rv.    box   culv 463.0 

Ry.   box   culv 388.3 

Rv.    box   culv 460.6 

Ry.   box   culv 243.0 

Total    2,017.6 

Ry.  pipe  culvert,  cast  iron 126.0 

Ry.  pipe  culvert,  cast  iron 942.0 

Ry.  pipe  culvert,  cast  iron 68.0 

Ry.  pipe  culvert,  cast  iron 28.6 

Ry.  pipe  culvert,  cast  iron 63.2 

Total    1,227.8 

2'-6">3'   conduit    615.5 

Steel    flume    170.0 

V.    P.   culvert  under  canal 105.7 

V.    P.   culvert   under  canal 308.0 

V.   P.   culvert   under  canal 91.2 

V.   P.   culvert   under  canal 183.2 

V.    P.   culvert   under  canal 125.3 

V.   P.   culvert  under  canal 127.2 

Total     940.6 

Concrete    turnout    60.7 

Concrete    turnout    44.1 

Total     104.8 

5'-4"     pressure     pipe 2,341.3 

Concrete    checks     20.8 

Bridge    apps 2,566.4 

Turnouts  and   checks    1,426.5 

Outlet,    corrugated    pipe    470.0 

Outlet,    corrugated    pipe    548  0 

Outlet,  corrugated  pipe    650.0 

Outlet,    corrugated   pipe    G50.n 

Total    outlets    2,318.0 

G     N.    Y.    track    1.734.0 

Total   structures    17,664.2 


Backfill. 
Cu.  yd. 


250 
500 
250 
200 


1.200 

462.7 

463.0 

38S.3 

460.6 

243.0 

2,017.6 

126.0 

942.0 

68.0 

28.6 

63.2 

1.227.S 

100.0 

20.0 

105.7 

308.0 

91.2 

183.2 

125.3 

127.2 

940.6 

60.7 

44.1 

104.8 

500.0 


1.426.5 
470.0 
54S.0 

3,658.0 

sVi'i'd'.j 


Classification. 

Hard  clay  

Hard  clay  

Hard  clay  

Hard  clay   

Hard  clay  

Hard  clay   

Hard  clay   

Hard  clay  

Hard  clay   

Hard  cla.v   

AVet   muck    

Hard  clay  

Light   clay    

.\verage   clay    

Average   clay    

Average  clay    

.\verage  clay    

C14y  10%   wet 

Average  clay  

Average  clay  

Average  clay  

-Average  clay  

Average  clay  

.Sandy  clay  

Gumbo    

Gumbo    

Gumbo    

Clay  and   gumbo.... 

Clay  and  gumbo 

Clay  and  wet  sand. 
Gumbo    

Sandy  clay 

Sand.v  clay 

Light  clay    

Light  clay   , 

Average   clay    

Average   clay    

Light  clay   

Light  clay  . . . 

Light  clay    

Light  clay   

Hard  clay 


Cost — 

Total 

General 

tractors 

field 

Super- 

Equip- 

Cont. 

Total 

"oreman. 

Excav. 

Backfill 

cost. 

vision 

ment. 

Exp. 

Cost. 

Unit. 

Unit. 

■  Unit. 

Unit. 

Unit. 

L'nit. 

Unit. 

Unit. 

$1.04 

n.04 

$0.22 

$0.11 

$0.2S 

$1.64 

1.16 

1.16 

.24 

.12 

.31 

1.84 

1.13 

1.13 

.24 

.12 

.30 

1.79 

^0.17 

1.24 

1.41 

.13 

.19 

.19 

'  1  92 

.06 

.47 

.53 

.05 

.08 

.OS 

,74 

1,0S 

1.08 

.22 

.11 

.29 

1.70 

.68 

.68 

.14 

.07 

.11 

1.07 

1.28 

$0.11 

1.39 

,25 

.16 

.32 

2.10 

.11 

.52 

.09 

.72 

.07 

.09 

.10 

.98 

.08 

.40 

.04 

.52 

.05 

.07 

.09 

.71 

.11 

.51 

.02 

.64 

.06 

.09 

.09 

.88 

.99 

.99 

.21 

.11 

.27 

1.58 

.23 

.23 

.02 

.04 

.04 

.33 

.0.". 

.74 

.03 

.82 

.13 

.10 

.17 

1.22 

.04 

.44 

.10 

.58 

.05 

.07 

.07 

.77 

.04 

.42 

.11 

.57 

.05 

.OS 

.07 

77 

.02 

.49 

.15 

.56 

.09 

.10 

.10 

.85 

.02 

.37 

.09 

.48 

.04 

.06 

.06 

.64 

.05 

.47 

.19 

.71 

.07 

.10 

.09 

.97 

.03 

.43 

.12 

,58 

.05 

.07 

.08 

.78 

.,ii 

.24 

.81 

.08 

.11 

.10 

1.10 

.01 

.15 

.03 

.19 

.02 

.02 

.03 

.26 

.03 

.67 

.07 

.80 

.08 

.10 

.10 

l.OS 

.68 

.16 

.84 

.08 

.11 

.11 

1.14 

.n4 

.41 

.20 

.65 

.07 

.09 

.09 

.88 

.01 

.24 

.07 

.32 

.03 

.04 

.04 

.43 

.15 

.05 

.20 

.02 

.02 

.03 

.11 

.64 

.01- 

.76 

.07 

.10 

.10 

1.03 

1.24 

.26 

.12 

.33 

1.95 

.09 

.22 

.31 

.03 

.04 

.04 

.42 

.24 

.18 

.42 

.04 

.05 

.05 

..i6 

.13 

.10 

.23 

.03 

.02 

.04 

.32 

.1.". 

.63 

.06 

.08 

.09 

.86 

.69 

.12 

.81 

.08 

.11 

.11 

1.11 

.31 

.21 

.52 

.06 

.06 

.09 

.73 

.07 

.14 

.20 

.02 

.03 

.02 

.27 

.14 

.03 

.20 

.02 

.02 

.02 

.26 

.10 

.10 

.2ri 

.02 

.02 

.02 

.26 

.03 

.22 

.04 

.29 

.02 

.04 

.04 

.39 

.17 

.17 

.01 

.03 

.03 

.24 

.32 

.32 

.02 

.03 

.03 

.40 

oq 

.14 

.43 

.04 

.06 

.06 

.57 

.33 

2'-> 

.55 

.09 

.06 

.12 

.82 

.21 

.24 

.45 

.06 

.04 

.07 

.62 

.2.T 

.25 

.03 

.03 

.03 

.34 

.26 

.12 

.38 

.04 

.05 

.05 

.52 

.26 

.13 

.39 

.05 

.05 

.06 

.55 

.35 

.35 

.03 

.05 

.05 

.48 

.02 

.35 

.07 

.44 

.05 

.05 

.07 

.57 
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TABLE 

I.— COST 

OF 

C.VNAL 

AND 

DITCH 

EXCAVATIONS  IN 

1913. 

Quantitj 

, 

Gas  and 

Re- 

Cont. 

Total 

Cu.  yd. 

Labor. 

Teams 

oil. 

pairs. 

Supt. 

Equip. 

Exp. 

cost. 

No, 

13,192-. 

J0.0S2 

J0.0C3 

10.024 

$0,009 

$0,027 

$0,210 

1 

10,-120.. 

.126 

.OiU 

.032 

.014 

.037 

.282 

't 

10.000. . 

.052 

$6,033 

JO.OKi 

.008 

.004 

.009 

.119 

3 

.1,651. . 

.240 

.356 

.061 

.027 

.073 

.557 

4 

10,776.. 

.065 

.033 

.013 

.009 

.005 

.011 

.133 

9,735.. 

.093 

.105 

.032 

.013 

.037 

.267 

6 

11.600.. 

.080 

.lllo 

.... 

.029 

.013 

.034 

.259 

t 

6,665. . 

.055 

.Obb 

.OlS 

.007 

.021 

.154 

S 

1.S17.. 

.065 

.u;;s 

.016 

.007 

.018 

.141 

!1 

7,291.. 

.043 

.059 

.016 

.007 

.019 

.144 

in 

17,483.  . 

.065 

.ovt 

.022 

.008 

.025 

.It?. 

11 

5.395., 

.036 

.Oi.'S 

.031 

.013 

.031 

.269 

12 

6,9/)0.. 

.038 

.033 

.013 

.006 

.003 

.007 

.100 

13 

5,600.. 

.092 

.033 

.013 

.006 

.003 

.007 

.154 

14 

380.. 

.077 

.0:J3 

.013 

.006 

.003 

.007 

.13^ 

15 

12.022.. 

-Fresno  ^^ 

■oik 

Kos.   1, 

o,   7.   8 

9.   10. 

11,  12  and  16: 

.125 
.2131 
excava 

16 

-.34.547.. 

roti. 

•Noie— 

tion 

work  Nos.  3.  5, 

13, 

14  and  lo;  slip  work  No.  2 

;  wheeler  work  No.  4. 

■l-ABL-f;  II.— COST  OF  CANAL  AND  DITCH  EXCAVATION  IN  1914. 

Team  Work—  Cu.  yd.     Unit  cost. 

Superintendence     $0.0100 

Foreman    0  0114 

riow    0.0160 

Fresno    0.0771 

Blacksmith     0.0012 

Fence  and  grubbing 0.0005 

Finishing     0.0028 

Fauipment.   hardware   and    tools 0.0161 

General    expense    0.0038 

Labor,    erecting,    moving   .and    maintaining    camp     O.0014 

Cook    0.0044 

Labor.   Hauling  camp  .and   stable  supplies O.O02O 

Labor,    maintaining    stable 0.0036 

Total,    teams    93,949  0.1503 

Machine  Work — 

Superintendence     0.0024 

Labor    0.0302 

Gas  and  oil    0.0297 

Repairs     0.018.S 

Equipment,   hardware  and   tools 0.0683 

Total   machine    22,175  0.1494 

Total —  Machine  and  Teams 116.124  0.1501 

Sub-Contractors — 

E    A.  Higgins   7,343  0.119 

Brorterick    &    Morrow    11,030  0.152 

Congatton.  Denning   &   Munsen 23,856  0.066 

The  m.->chine  consisted  of  a  Reversible  .\ustin  Elevating  Grader  and 

Pioneer   Tractor. 


pulled  by  a  30-60  h,p.  Pioneer  gas  tractor,  and  25,000  cu. 
yd.  of  the  excavation  of  the  waste  water  ditches  were  cast 
out  with  an  Austin  senior  elevating  grader.  These  ma- 
chines were  operated  two  and  three  shifts  during  the  fall 
of  1913  and  one  shift  during  1914. 

The  remainder  of  the  work,  240,000  cu.  yd.,  was  done 
with  5  ft.  Fresnoes,  e.xcepting  the  finishing  of  the  waste 
water  ditches,  which  was  done  with  drag  scrapers,  and 
about  5,000  cu.  yd.  of  over-haul  done  with  wheelers. 
About  60,000  cu.  yd.  of  the  work  was  sub-contracted  but 
the  costs  here  are  the  costs  to  the  sub-contractors.  The 
costs  on  excavation  are  separated  for  the  work  done  in 
1913  and  1914. 

The  material  excavated  in  the  canals  and  laterals,  other 
than  that  designated  as  wet,  was  average  clay  soil  with 
more  or  less  gumbo.  The  waste  water  ditches  were  mostly 
gumbo  and  baked  so  hard  that  in  excavating  it  with  a 
grader,  it  was  hard  to  keep  the  plow  in  the  ground. 


METHOD    OF    ELIMINATING    LOW    JOINTS    IN 
TRACK  LAID  THROUGH   STRETCH  OF 
OCEAN  BEACH  SAND. 

Contributed   by   Clifford   A.    Elliott.    Maintenance   of  Way  Department 
Pacific  Electric  Railway  Co..  Los  Angeles,  Cal. 

In  the  maintenance  of  one  of  the  Pacific  Electric  Rail- 
way Co,'s  interurban  lines  in  Southern  California,  con- 
structed for  considerable  distance  along  the  beach  of  the 
Pacific  Ocean,  a  great  deal  of  trouble  is  experienced 
with  low  joints  due  to  the  construction  being  through 
heavy  beds  of  ocean  sand. 

Several  remedial  measures  have  been  adopted  by  re- 
placing angle  bars  with  continuous  joints  with  view  of 
obtaining  a  firmer  and  stiffer  joint  support — in  addition 
to  thorough  joint  tie  tamping.  However,  this  scheme 
has  proven  unsuccessful,  as  the  heavy  traffic  has  caused 
the  metal  of  the  unresistible  continuous  joint  to  arch 
downward  to  considerable  extent,  with  result  that  low 
joints  are  exceptionally  evident;  and  surface  bent  rails 
are  very  prominent.  A  novel  plan  to  remedy  the  situation 
has   been   resorted   to,   by   removing   the    old   continuous 


joints  and  arching  them  from  1/16  in.  to  3/16  in. — a 
method  reversely  to  the  unfavorable  conditions  experi- 
enced as  above  mentioned.  Some  1,200  pairs  of  continu- 
ous joints  were  so  adjusted,  reapplied  and  raised,  and 
since  September,  1915,  when  the  work  was  performed, 
fully  95  per  cent  of  the  joints  have  given  no  evidence  of 
failing.  At  the  same  time,  this  remedy  aff'ords  the  con- 
tinuous joint  the  opportunity  to  perform  the  true  func- 
tion expected  of  it — even  when  stable  support  is  not  en- 


Repairing    Low   Rail   Joints   by   Arched   Fish    Plates. 

tirely  aff'orded,   further   holding  the  track  in   first   class 
surface  and  alinement. 

This  plan  has  realized  the  saving  of  the  expense  for 
new  joints  to  replace  the  old  damaged  joints,  which  were 
cleaned,  repaired  and  arched.  However,  had  not  this 
action  been  taken  in  the  manner  herein  cited  at  the  log- 
ical time,  the  old  joints  would  soon  have  been  declared 
only  fit  for  the  scrap  pile.  Besides  this  procedure  has 
been  instrumental  in  reducing  maintenance  expense  for 
e.xcessive  track  labor  upon  part  of  forces,  endeavoring 
to  hold  the  sandbed  constructed  track  in  proper  surface 
and  line.  Also,  it  eliminates  low  joints  and  badly  sur- 
face-bent rail. 


A  STEAM-OPERATED  CLAMSHELL  BUCKET  FOR 
B.4SEMENT   EXCAVATION. 

Contributed  by  J.  W.  Cunningham.  Portland,  Ore. 

For  basement  excavation  in  Portland,  Oregon,  where 
the  material  to  be  handled  is  a  heavy  clay  soil  and  cannot 
be  readily  handled  by  the  ordinary  forms  of  bucket,  Mr. 


Cel'ar    Excavation    With    Steam    Closing    Clamshell. 

C.  J.  Cook  of  the  C.  J.  Cook  Co.,  has  developed  a  clam-shell 
bucket  of  special  design,  closed  by  a  small  two-cylinder 
steam  engine.    The  bucket  used  is  a  modified  "Williams." 
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The  engine  drives  a  pair  of  differential  drums  through 
gearing,  giving  and  exceptionally  powerful  closing  mo- 
tion. For  basement  work  the  bucket  is  handled  by  a  re- 
volving crane  supported  at  street  level,  the  boiler  of 
which  also  supplies  the  bucket.  The  spoil  is  delivered  to 
dump  wagons  through  a  trap  platform  which  was  illus- 
trated in  a  recent  number  of  Engineering-Contracting. 


Conference  on  Erick  Pavement  Construction. — Further 
details  regarding  the  annual  meeting  and  conference  of 
the  National  Paving  Brick  Manufacturers'  Association, 
which  is  to  be  held  at  Terre  Haute,  Ind.,  and  Paris,  111., 
on  Oct.  5  and  6,  is  now  available.  The  sessions  of  the  an- 
nual meeting  will  take  place  at  the  Deming  Hotel,  Terre 
Haute,  Ind.,  Oct.  5,  1916,  at  10  o'clock  a.  m.  The  con- 
struction demonstration  will  take  place  at  Paris,  111.,  Oct. 
6.  At  9  a.  m.,  Oct.  6,  a  short  inspection  trip  will  be  made 
over  some  of  the  old  Terre  Haute  brick  paved  streets,  par- 
ticularly S.  Si.xth  St.  At  10  a.  m.  the  entire  conference 
will  go  by  interurban  to  Paris,  111.,  at  which  place  some 
of  the  older  streets  will  be  inspected;  will  be  conveyed 
in  automobiles  to  the  point  of  construction  demonstra- 
tion, which  is  to  be  the  special  feature  of  the  occasion. 


PERSONALS. 

George  J.  Percival  has.  been  appointed  Engineer  of  the  Philadelphia 
office  of  the  F.  W.  Mark  Construction  Co.,  Cleveland,  O. 

L.  P.  Scott,  of  the  Bure.au  of  Roads  of  the  Illinois  Highway  De- 
partment, has  been  appointed  maintenance  engineer  with  headquar- 
ters at  Aurora,  111. 

.Tohn  E.  Meyer,   formerly  Assistant  to  James  Reynolds,   Civil  En- 
'ginccr,    Redwood    Falls,    Minn.,    has   opened   An    engineering   office    at 
Montevideo,    Minn. 

Joseph  K.  Gannett.  Assistant  Chief  Engineer  of  the  Samuel  Austin 
&  Son  Co..  contractors,  Cleveland.  O.,  has  been  appointed  Chief  Engi- 
neer of  the  Philadelphia  branch  of  the  company.  Robert  E.  Bell 
succeeds  Mr.  Gannett  as  Assistant  Chief  Engineer. 

J.  Albert  Holmes,  formerly  Division  Engineer  in  charge  of  con- 
struction of  the  Charles  River  Dam  has  been  appointed  Resident 
Engineer  for  the  J.  G.  White  Engineering  Corp.,  New  Torli  City, 
for  the  construction  of  earth  dams  near  Bridgewater,  N.  C,  for  the 
Southern  Power  Co. 

G.  C.  Peterson  has  resigned  his  position  as  Highway  Commissioner 
of  Sheboygan  County,  Wis.,  and  has  accepted  the  position  of  manager 
of  a  railroad  in  Santo  Domingo,  West  Indies.  Mr.  Peterson  who  was 
erpployed  as  Civil  Engineer  on  the  Panama  Canal  for  two  years,  was 
later  Engineer  in  charge  of  the  work  of  construction  on  the  road  he 
is  now  to  manage. 

F.  B.  H.  Paine,  William  McCIellan  and  Horace  T.  Campion  have 
entered  into  a  partnership  under  the  firm  name  of  Paine,  McCIellan 
&  Campion,  with  offices  at  25  Church  St..  New  Toik,  and  1420  Chest- 
nut St.,  I'hiladelphia.  Mr.  Paine  has  had  ,i  consulting  engineer  prac- 
tice with  offices  in  New  York  City  since  1911.  Mr.  Campion,  formerly 
was  in  charge  of  the  Philadelphia  office  of  the  Reinforced  Concrete 
Construction  Co.,  and  later  wa.v  associated  with  Mr.  McCIellan  in  a 
construction  and  consulting  engineering  business.  Mr.  McCIellan  is 
director  oi   the  Wharton  School  of  Finance. 

The  College  of  Engineering  of  the  University  of  Illinois  reports  the 
following  new  appointments  to  its  staff,  effective  Sept.  1,  1916: 
Department  of  Architecture. 

Cyrus  Edmund  Palmer  as  instructor  in  architectural  enginee:  ing. 
Graduate!  from  the  University  of  Illinois  in  1912  with  the  degree  of 
Baclielor  of  Science,  and  received  the  degree  of  Master  of  Science  from 
Pennsylvania  State  College  in  1916.  Since  1912  assistant  and  instructor 
in  architectural  engineering  at  the  Pennsylvania   State   College. 

Owen  James  Trainor  Southwell  as  instructor  in  architectural 
design.  Graduated  from  the  Carnegie  Institute  of  Technology  in 
1915  with  the  degree  of  Bachelor  of  Architecture;  carried  graduate 
work  in  architecture  part  time  during  the  year  1915-16;  awarded  first 
mention  placed  class  of  Beaux  Arts,  American  institute  of  architects 
scholastic  medal,  1915,  third  medal  in  archaeology.  Beaux  Arts,  during 
college  course,  and  third  medal  in  archaeology,  second  medal  in  class 
A,  Beaux  Arts,  in  1916;  student  assistant,  Carnegie  institute  of 
technology,  191-1-15;  and  since  Jan.  1,  1D16,  with  Ingham  &  Boyd, 
architects,   Pittsburgh.  Pa. 

James  Henry  Chillman,  Jr.,  as  instructor  in  architectural  design. 
Graduated  from  the  University  of  Pennsylvania  in  1913  with  the 
degree  of  Bachelor  of  Science  and  received  the  degree  of  Master  of 
Science  in  1914;  alumni  fellow  in  architecture  1913-14:  three  years' 
architectural  practice;  since  1914  assistant  and  instructor  of  freehand 
drawing  at  the  University  of  Pennsylvania. 

Department  of  Ceramic   Engineering. 

Edward  Wight  Washburn  as  professor  cf  ceramic  chemistry  and 
head  of  the  department  of  ceramic  engineering.  Graduated  from  the 
Massachusetts  Institute  of  Technology  in  1915  with  the  degree  of 
Bachelor  of  Science  and  received  the  degree  of  Doctor  of  Philosophv 
in  1908;  as.soclated  with  the  department  of  chemistrv  of  the  University 
of  Illinois  for  the  past  eight  years  in  physical  chemistry;  and  has 
made  many  noteworthy  contributions  to  science. 

Cullen  Warner  Parmelee  as  professor  of  ceramic  engineering. 
Graduated  from  Rutgers  college  in  1896  with  the  degree  of  Bachelor 
of  .Science;  honor  student  in  chemistry;  associated  with  Rutgers 
college  in  chemistry  and  ceramics  since  1901,  and  for  the  past  ten 
years  professor  of  ceramics  and  director  of  depsirtment  of  ceramics; 
sustained  important  consulting  relations  with  various  potteries:  con- 
tributed extensively  to  recent  literature;  member  of  Phi  Beta  Kappa 
and  past  president  of  the  American  Ceramic  society. 


ENGINEERING 
AND      CONTRACTING 

Howard  Clinton  Arnold  as  instructor  in  ceramic  engineering. 
Gr.idualed  from  the  University  of  Illinois  in  1914  with  the  degree 
of  Bachelor  of  Science  and  received  the  degree  of  Master  of  Arts  from 
Oiiio  State  University  in  191t»;  recipient  of  preliminary  and  special 
honors;  since  1914  secretary  of  the  Ceramic  Supply  and  Construction 
Company,  Columbus,  O. 

Department   of   Mechanical    Engineering. 

Elisa  Noel  Fales  as  assistant  professor  of  aeronautics.  Graduated 
from  Harvard  university  in  1908  with  the  degree  of  Bachelor  of  Arts 
and  from  the  Massachusetts  Institute  of  Technology  in  1911  with  the 
degree  of  Bechelor  of  Science;  organized  the  Jiffy  Duplicator  Co., 
Chicago.  111.;  lias  had  varied  experience  as  a  consulting  engineer; 
and  since  1915  has  been  assistant  engineer  of  the  Curtiss  Aeroplane 
Co.,   Buffalo,   N.  T. 

Engineering   and    Mechanics. 

Harald  Malcolm  Westergaard  as  instructor  in  theoretical  and 
applied  mechanics.  Graduated  from  the  Royal  college  of  engineering 
of  Copenhagen,  Denmark,  in  1911,  with  tlie  degree  of  Bachelor  of 
Science;  studied  at  the  University  of  Gottingen  and  in  Technische 
Hochschule  of  Munich,  Germany,  for  a  year,  and  for  the  past  two 
years  has  been  a  student  in  the  Graduate  school  of  the  University  of 
Illinois,  receiving  the  degree  of  Doctor  of  Philosophy  in  1916:  fellow  of 
the  American  Scandinavian  foundation,  1914-15;  member  of  Sigma  XI; 
designer  and  assistant  on  engineering  work  in  Copenhagen,  Hamburg 
and  London  from  1911-14. 

Frank  Erwin  Richart  as  instructor  in  theoretical  and  applied 
mechanics.  Graduated  from  the  University  of  Illinois  in  1914  with  the 
degree  of  Bachelor  of  Science;  held  a  Graduate  school  scholarship 
1914-15.  and  received  the  degree  of  Master  of  Science  in  1915;  engineer 
for  the  C.  F.  Massey  Co.,  Chicago,  111.,  1915-16;  and  since  May,  1916, 
engineer  of  the  Concrete  Steel  Products  Co.,  Chicago,   III. 

Solomon  Cady  HoUister  as  instructor  in  theoretical  and  applied 
mechanics.  Graduated  from  the  University  of  Wisconsin  in  1916  with 
the  degree  of  Bachelor  of  Science,  assistant  instructor  in  descriptive 
geometry  and  instructor  in  mechanical  drawing  at  the  State  college 
of  Washington  while  a  student  at  tliat  institution  from  1909-11  and 
1913-14;  since  graduation  has  been  with  the  McClintock-Marshall  Co., 
bridge  manufacturers,   Pittsbtirgh,   Pa. 

Department   of   Physics. 

Waiter  Andrew  Shewart  as  assistant  in  physics.  Graduated  from 
the  University  of  Illinois  in  1913  with  the  degree  of  Bachelor  of  Arts 
and  received  the  degree  of  Jlaster  of  Arts  in  1914;  assistant  in  physics 
at  the  University  of  California  1914-15;  and  Whiting  fellow  in  physics 
at  the  tjniversity  of  California  1915-16. 

Harry  Tyler  Booth  as  assistant  in  physics.  Graduated  from  i 
Carleton  college  in  1915  with  the  degree  of  Bachelor  of  Science  and 
received  the  degree  of  Master  of  Science  from  the  University  of 
Illinois  in  1916:  assistant  in  physics  at  Carleton  college  1914-15:  Grad- 
uate school  scholar  in  physics  at  the  University  of  Illinois  1915-16; 
and  assistant  in  the  summer  session  of  1916.  [ 

Carl  Eli  Pike  as  part-time  assistant   in   physics.    Graduated  from    I 
Cornell  college  in  1916  with  the  degree  of  Bachelor  of  Science;  taught 
school  for  two  years  before  entering  college. 

Roy  Andrew  Nelson  as  part-time  assistant  in  physics.    Graduated 
from  Knox   college  in   1916  with   the   degree   of  Bachelor   of  Science; 
recipient    of    general    honors    and    special    honors    in    physics    1914-15; 
laboratory  assistan^  in  physics  at  Knox  college  1914-16. 
Engineering    Experiment    Station, 

Walter  Arthur  Gatward  as  research  assistant  in  the  department 
of  electrical  engineering.  Graduated  from  Wasliington  State  college 
in  1913  with  the  degree  of  Bachelor  of  Science  and  received  the  degree 
of  Master  of  Science  from  the  University  of  Illinois  in  1916;  won  high 
honor  at  Washington  State  college;  employed  in  the  operating  and 
engineering  department  of  the  Washington  Water  Power  Co.,  Spokane, 
Wash.,  1913-14;  research  fellow  in  the  engineering  experiment  station 
of  the  University  of  Illinois,  department  of  electrical  engineering. 
1914-16. 

Ernest  Edward  Charlton  as  research  fellow  in  the  department 
of  chemistry.  Graduated  from  Grinnell  college  in  1913  with  the  degree 
of  Bachelor  of  Arts  and  received  the  degree  of  Master  of  Science  from 
the  Universitv  of  Illinois  in  1915:  graduate  assistant  in  chemistrj-  at 
the  University  of  Illinois  1913-14  and  assistant  in  chemistry  1914-16. 

Ray  Stuart  Quick  as  research  fellow  in  the  department  of  | 
electrical  engineering.  Graduated  from  the  University  of  Cailfornia  I 
in   1916  with  the   degree  of  Bachelor  of  Science. 

Bernard  Pepinsky  as  research  fellow  in  the  department  of  theoret- 
ical and  applied  mechanics.  Graduated  from  the  co-operative  course 
at  the  University  of  Cincinnati  in  1916  with  the  degree  of  Civil  Engi- 
neer: has  had  five  years'  practical  experience. 

Edward  Alexander  Roberts  as  research  fellow  in  the  department 
of  railway  engineering  Graduated  from  Harvard  university  in  1914 
with  the  degree  of  Bachelor  of  Science  cum  laude  in  engineering 
sciences:  and  from  1914-16  has  been  employed  as  student  engineer 
with  the  General  Electric  Co..  Lynn,  Mass. 

Harold  Parsons  Vail  as  research  fellow  in  the  department  of 
mechanical  engineering.  Graduated  from  Pennsylvania  State  college 
in  1916  with  the  degree  of  Bachelor  of  Science:  has  had  practical 
experience  in  several  machine  shops  and  as  draftsman  for  the  Ball 
Engine  Co.  of  Erie.  Pa.,  and  the  mechanical  division  of  the  Panama 
Canal. 


OBITUARY. 

Mr.  John  V.  Beekman.  for  many  years  connected  with  the 
Lidgerwood  Manufacturing  Co.,  died  Sept.  11  at  his  home  at  Plainfield, 
N.  J.  Mr.  Beekman  was  born  in  1842  at  Somerville,  N.  J.  About  1870 
he  encaged  in  the  manufacture  of  rotary  engines,  pumps,  etc..  being 
a  member  of  the  firm  of  John  A.  Lighthall-Beekman  &  Co..  with 
works  at  Imlay  St.,  Brooklyn,  N.  T.  This  company  was  absorbed  by 
the  Lidgerwood  Manufacturing  Co.  in  1873.  Mr.  Beekman  assuming 
charge  of  the  works  of  that  company,  and  was  the  inventor  of  many 
improvements  in  hoisting  engine  designs.  Mr.  Beekman  gradually 
withdrew  from  active  participation  in  business  about  ten  years  ago, 
devoting  his  later  years  to  outdoor  pleasures,  becoming  an  enthusiastic 
motorist  and  golfer,  being  a  member  of  several  golf  clubs,  and  a 
familiar  figure  on  the  golf  course  at  Pinchurst,  N.  C,  where  he  spent 
his  winters.  For  many  years  Mr.  Beekman  had  been  a  member  of  the 
.\merican  Society  of  Mechanical  Engineers.  Mr.  Eeekman's  death 
is  keenly  felt  by  his  surviving  family,  and  by  the  men  with  whom  he 
was   formerly  associated. 

INDUSTRIAL  NOTES. 

A.  H.  Brown  has  joined  the  staff  of  H.  Kleinhaus  Co.,  Oliver  Bldg.. 
Pittsburgh,  Pa.,  dealer  in  railroad  and  contractors'  equipment. 

A  consolidation  has  been  effected  between  the  Lyons  Boiler  Works, 
De  Pere.  Wis.,  and  the  Joliet  Bridge  &  Iron  Co.,  Joliet.  111.  A  new 
corporation,  headed  by  President  Andrew  W.  Woodman  of  the  Joliet 
company,  will  be  formed  to  operate  the  plant. 
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WHAT    LESSON    DOES    THE    SECOND    QUEBEC 
BRIDGE  DISASTER  TEACH? 

When  the  first  Quebec  Bridge  fell  during  its  construc- 
tion 9  years  ago,  an  engineering  journal  said  that  it 
taught  "a  lesson  in  humility."  We  took  issue  with  that 
opinion  and  editorially  said: 

The  real  lesson  to  be  learned  from  this  Quebec  disaster  is  not  so 
.•mich  "a  lesson  in  humility"  as  a  lesson  in  courage  in  defending  in- 
Jivi;lual  judgment  in  the  face  of  any  man's  opinion,  no  matter  how 
eminent  he  may  be.  Had  certain  engineers  and  employes  on  the 
'J'.iebec  bridge  had  the  courage  to  fight  for  their  judgment  as  to  the 
weakness  of  the  bridge,  instead  of  permitting  a  great  engineering 
reputation  to  silence  them,  there  would  have  been  no  Quebec  disaster. 

We  have  had  no  reason  to  change  our  opinion  as  to 
the  lesson  that  the  first  Quebec  bridge  failure  should 
teach.  Now  that  a  second  failure  of  a  wholly  different 
kind  has  occurred,  every  structural  engineer  is  asking 
what  lesson  it  teaches. 

While  the  suspended  span  640  ft.  long  and  weighing 
4,740  tons  was  being  raised  from  scows  to  its  destined 
resting  place  on  the  main  cantilever  arms,  something 
gave  way  and  it  fell  to  its  "last  long  resting  place"  at 
the  bottom  of  the  St.  Lawrence.  A  photograph  taken  at 
the  instant  of  failure  shows  one  corner  of  the  span  al- 
ready under  water  while  the  other  three  corners  still 
rest  on  the  supports  by  which  the  span  was  being  jacked 
up.  Spectators  state  that  a  cannon-like  report  preceded 
the  failure,  indicating  quite  certainly  that  some  large 
member  of  the  bridge  or  its  temporary  supports  failed. 
Evidence  points  to  the  breaking  of  one  of  the  cast  steel 
"rockers"  upon  which  the  span  temporarily  rested. 

The  "rockers"  were  so  arranged  as  to  form  a  univer- 
sal joint,  made  of  steel  castings  resting  on  two  large  steel 
pins,  one  at  right  angles  to  the  other.  The  bearings  and 
pins  were  polished  and  lubricated,  the  object  being  to 
insure  that  the  friction  would  not  exceed  10  per  cent  of 
the  load  as  the  surfaces  slipped  under  the  end  thrust  of 
the  suspended  span. 

It  is  stated  that  these  universal  joints  were  tested  under 
the  full  load  before  the  span  was  towed  to  position  on 
scows.  However,  a  test  under  the  quiescent  load  and  at 
constant  temperature  is  not  equivalent  to  such  a  test  as 
occurred  in  raising  the  bridge. 

Not  only  are  the  stresses  developed  in  a  bearing  plate 
through  a  pin  connection  somewhat  indeterminate,  but 
a  greater  degree  of  uncertainty  is  introduced  through  the 
unknown  coeflScient  of  friction  between  the  bearing  and 
the  pin.  What  is  the  coefficient  of  friction  between 
smooth  lubricated  steel  surfaces  under  a  load  of  10,000 
lb.  per  square  inch?  We  doubt  whether  there  are  any 
tests  in  existence  relative  to  pin  and  bearing  friction  at 
so  high  a  unit  pressure  as  this.  Tests  of  journal  fric- 
tion even  up  to  1,000  lb.  per  square  inch  are  by  no  means 
numerous.  They  serve  to  indicate,  however,  that  the  co- 
efficient of  starting  or  initial  friction  is  not  a  constant, 
but  increases  as  the  unit  pressure  increases.  For  ex- 
ample, Thurston's  tests  on  journals  lubricated  with  sperm 
show  starting  coefficients  of  friction  as  follows: 

Lb.  pressure  Co-efflcient 

per  sq.  in.  of  friction. 

»0 7% 

500 1.1% 

1,000 1S% 

Evidently  at  10,000  lb.,  or  even  at  5,000  lb.  per  square 
inch,  the  coefficient  of  starting  friction  would  be  much 
greater  than  at  1,000  lb.  per  square  inch.  As  a  matter 
cf  fact  the  pressure  on  one  of  the  bearing  pins  in  the 
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universal  joint  used  in  erecting  the  suspended  span  of 
the  Quebec  bridge  was  greatly  in  excess  of  12,000  lb.  per 
square  inch  and  probably  about  24,000  lb.  per  square 
inch!  There  are  no  printed  frictional  tests  of  lubricated 
journals  or  pin^  at  such  high  pressures,  so  that  we  are 
really  in  the  dark  as  to  the  actual  coefficient  of  friction 
in  the  universal  joint  under  discussion.  We  may  be  quite 
certain  that  it  was  above  the  10  per  cent  assumed  by  the 
engineers  in  their  calculations,  for  the  evidence  of  tests 
points  to  higher  coefficients  of  starting  friction  at  higher 
unit  pressures.  Some  of  Thurston's  tests  indicate  that 
the  friction  increases  as  the  cube  root  of  the  unit  pres- 
sure. 

Let  us  estimate  the  unit  pressure  on  the  longitudinal 
pin  of  the  universal  rocker  joint.  The  pin  was  9^2  in.  di- 
ameter by  46' 2  in.  long,  thus  giving  a  projected  area 
of  442  sq.  in.  Upon  this  pin  the  load  was  about  2,370,000 
lb.  or  more  than  5,-360  lb.  per  square  inch  of  projected 
area.  But  it  is  generally  assumed  that  practically  the 
entire  load  is  carried  upon  one-sixth  the  circumference  of 
a  pin,  in  which  case  the  unit  pressure  would  have  been 
11,720  lb.  per  square  inch.  Where,  we  repeat,  are  the 
test  data  relating  to  journal  or  pin  friction  under  any 
such  high  loading  as  this? 

A  thrust  of  300.000  lb.  on  the  universal  joint,  due  to 
temperature  changes,  was  provided  for  under  the  assump- 
tion of  a  10  per  cent  coefficient  of  friction.  But  for  aught 
any  engineer  knows  the  coefficient  may  have  been  20  per 
cent,  resulting  in  a  600,000-lb.  thrust,  and  possibly  it 
may  have  been   much  more. 

The  suspended  span  had  been  lifted  about  10  ft.  in 
two  hours  when  suddenly  there  came  a  loud  report,  fol- 
lowed by  the  kicking  out  of  the  support  from  under  one 
end  of  one  truss.  The  photograph  above  mentioned  shows 
this  kick  back  very  clearly.    Then  the  bridge  fell." 

Note  particularly  that  the  faijure  occurred  when  the 
jacking  up  process  had  temporarily  ceased.  There  was 
no  noticeable  change  in  the  wind.  This  seems  to  leave 
but  one  form  of  variable  energy  at  work,  namely,  heat. 
A  few  degrees  drop  in  the  temperature  of  the  bridge 
would  produce  great  stress  in  the  suspended  span,  pro- 
vided it  could  neither  slide  on  the  pins  of  the  universal 
joints  nor  swing  inward  upon  the  hanger  chains  that  sup- 
ported its  ends.  Inward  swinging  was  impossible  be- 
cause cf  mooring  lines.  Hence  with  a  higher  coefficient 
of  friction  than  the  10  per  cent  assumed  by  the  engi- 
neers, a  correspondingly  higher  temperature  stress  would 
develop.  Apparently  this  occurred  and  the  weakest  part 
of  the  supporting  member — one  of  the  cast  steel  "rock- 
ers"— gave  way  on  the  side  nearest  the  center  of  the 
river.  The  truss  end  then  crashed  down  upon  the  sup- 
porting girder  beneath,  and  striking  it  off  center,  tilted 
it  so  that  it  kicked  back  from  under  the  end  of  the  truss 
and  let  the  truss  fall. 

It  seems  to  us  that  the  primary  les.son  taught  by  this 
disaster  is  this:  Engineers  should  never  apply  test 
data  much  beyond  the  limits  of  actual  tests  unless  excep- 
tionally large  factors  of  safety  are  used.  There  is  grave 
danger  in  reasoning  that  because  a  10  per  cent  coefficient 
of  friction  has  been  shown  by  test  to  exist  under  a  load 
of,  say,  1,000  lb.  per  square  inch,  the  same  coefficient  will 
exist  under  a  load  of  10,000  lb.  per  square  inch. 

The  secondary-  lesson  of  this  disaster  seems  to  be: 

Never  put  your  entire  trust  in  a  single  casting  of  any 
sort  where  its  failure  spells  disaster. 

The    internal   stresses   developed   in    a   casting   during 
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cooling  are  large,  and  largely  unknown.  Aside  from  im- 
perfections in  a  casting  itself,  there  is  the  ever-present 
uncertainty  as  to  the  shrinkage  stresses  within  it.  Par- 
ticularly is  this  true  of  castings  not  uniform  in  cross- 
section,  such  as  these  "rocker"  castings  were.  Had  the 
"rockers"  been  built  up  of  steel  plates,  the  failure  prob- 
ably would  not  have  occurred.  If  tests  of  the  coefficient 
of  journal  friction  up  to  loads  of  25,000  lb.  per  square 
inch  had  been  m^de,  there  would  probably  have  been 
found  a  much  higher  coefficient  than  the  10  per  cent  used 
in  the  calculations,  and  accordingly  the  design  of  the 
universal  rocker's  joint  would  have  been  radically 
changed. 

Curiously  enough  the  salient  lesson  from  this  bridge 
failure  is  akin  to  the  lesson  from  the  Austin  (Texas) 
dam  failure.  We  have  pointed  out  that  the  coefficient  of 
friction  between  strata  of  rock  is  entirely  unknown  w-here 
unit  pressures  are  large.  Consequently  we  have  repeat- 
edly urged  the  importance  of  making  frictional  tests  of 
rock  on  rock,  and  on  the  different  kinds  of  earths,  under 
the  large  pressures  that  so  often  occur  in  dam  practice 
We  renew  our  insistance  that  data  as  to  starting  fric- 
tion under  heavy  unit  loads  are  so  meager  as  to  be  in- 
conclusive at  best.  Since  test  data  of  frictional  resist- 
ance under  great  unit  loads  have  not  been  available,  en- 
gineers have  habitually  used  test  data  based  on  smaller 
unit  loads.  This  is  not  logical,  but  it  apparently  takes 
more  than  one  great  disaster  to  teach  us  the  needed  les- 
son. Fifteen  years  have  elapsed  since  the  Austin  dam 
went  out,  and  the  engineering  world  is  still  as  ignorant 
as  ever  about  coefficients  of  friction  of  stones  and  earths 
under  great  unit  pressures.  Our  theories  of  applied 
mechanics  may  be  ever  so  perfect,  yet  they  will  not  save 
us  from  disasters  unless  we  have  adequate  test  data.  In 
spite  of  all  the  tests  that  have  been  made  relative  to  fric- 
tion, we  still  have  a  vast  deal  to  learn  about  frictional 
coefficients. 


JOIN  THE  STRUCTURAL  ENGINEERS'  ASSOCIA- 
TION OF  ILLINOIS. 

Since  we  began  advocating  the  formation  of  an  Ameri- 
can Society  of  Structural  Engineers  our  attention  has  been 
called  to  the  fact  that  there  is  at  least  one  state  in  W'hich 
there  is  a  local  society  of  structural  engineers,  namely, 
Illinois. 

A  year  ago  (July  5,  1915)  civil  engineers  in  Illinois 
secured 'the  passage  of  the  "Structural  Engineers'  License 
Law"  under  the  provisions  of  which  licensed  structural 
engineers  are  exempt  from  the  provisions  of  the  1897  act 
licensing  architects.  In  our  next  Building  and  Structural 
monthly  issue,  Oct.  25,  we  plan  to  publish  the  "Structural 
Engineers'  License  Law"  in  full,  as  a  model  to  be  fol- 
lowed by  engineers  in  other  states  seeking  relief  from 
the  unjust  restrictions  imposed  upon  engineers  by  license 
laws  dravm  solely  in  the  interests  of  architects. 

At  present  we  wish  to  call  the  attention  of  structural 
engineers  in  Illinois  to  the  local  society  which,  in  the  best 
interests  of  their  profession,  they  should  join.  This  young 
society  is  destined  to  become  large  and  powerful.  The 
sooner  it  does  attain  a  large  membership,  the  sooner  will 
it  be  able  to  bring  structural  engineers  abreast  of  archi- 
tects in  securing  commissions  for  buildings. 

The  building  field,  as  we  pointed  out  in  our  last  Struc- 
tural Issue,  is  almost  unlimited  in  extent  and  it  offers  per- 
haps the  most  inviting  territory  for  civil  engineering  in- 
vasion. The  editor,  while  in  Pittsburgh  recently,  tiame 
upon  some  of  the  work  of  a  firm  of  engineers  and  archi- 
tects whose  business  has  grown  to  very  large  proportions. 
The  head  of  the  firm  is  a  structural  engineer  and  his  part- 
ner is  an  architect.  The  pronounced  and  rapid  success 
of  a  partnership  of  this  character  certainly  merits  the 
consideration  of  every  structural  engineer  who  contem- 
plates securing  an  independent  professional  practice  in 
the  building  field. 

But  whether  a  structural  engineer  plans  to  be  the  head 
of  a  firm  of  building  designers  or  not,  he  should  become 
an  active  and  enthusiastic  member  of  a  structural  engi- 
neering society.    Such  a  society  can  promote  the  interests 


of  all  structural  engineers,  whatever  their  position.  This 
is  the  era  of  joint  action  for  a  common  purpose.  Don't  be 
one  of  the  "let  George  do  it"  men.  Join  your  fellow  struc- 
tural engineers  and  stay  joined. 

If  you  are  an  Illinois  structural  engineer  write  now  to 
Mr.  R.  M.  Gerety,  secretary  Structural  Engineers'  Associa- 
tion of  Illinois,  suite  1015,  30  North  La  Salle  St.,  Chicago, 
and  ask  for  information  about  the  society. 


WHY  NEW  YORK  ENGINEERS  SHOULD 
POLITICS." 


PLAY 


The  "head  of  the  ticket"  is  the  governor  and  the  "tail 
of  the  ticket"  is  the  state  engineer  and  surveyor  in  New 
York  state.  This  is  so  not  only  as  to  position  on  the  ballot 
but  as  to  salary,  yet  the  position  of  state  engineer  is 
scarcely  second  in  importance  to  that  of  governor. 

Surely  the  time  has  come  when  engineers  in  New  York 
state  should  take  joint  action  to  give  to  the  position  of 
state  engineer  the  standing  in  the  public  eye  that  is 
merited  by  its  importance.  The  first  step  toward  this  goal 
should  be  the  raising  of  the  salary  from  $5,000  to  $10,000. 
The  next  step  should  be  the  selection  of  candidates  for  this 
engineering  position  by  engineers  themselves.  It  would 
not  be  difficult  to  get  all  political  parties  to  accept  the 
recommendation  of  a  large  organization  of  engineers  as 
to  the  qualifications  of  aspirants  to  the  state  engineer- 
ship. 

A  w'ord  here  as  to  the  salaries  of  all  engineers  in  the 
employ  of  New  York  state.  If  we  are  not  mistaken  the 
salaries  are  today  no  higher  than  they  were  25  years  ago. 
No  legislature  would  be  likely  to  resist  the  appeal  of  an 
organized  body  of  civil  engineers  for  a  moderate  increase 
in  salaries  that  were  established  by  statute  25  or  even 
10  years  ago. 

New  York  engineers  should  not  only  bring  up  these  mat- 
ters for  action  at  the  next  legislative  session,  but  they 
should  secure  the  passage  of  a  law  giving  licensed  struc- 
tural engineers  equal  rights  with  licensed  architects.  The 
attorney  general  of  New  York  has  ruled  that  engineers, 
or  in  fact  anyone,  may  practice  architecture  in  New  York 
state,  but  shall  not  use  the  term  "registered  architect." 
Here,  as  in  most  states,  the  standing  of  a  structural  engi- 
neer is  purposely  made  subordinate  to  that  of  an  architect 
where  building  design  is  involved. 

These  are  by  no  means  the  only  things  about  New  York 
statutes  that  need  radical  re-engineering,  but  we  suggest 
them  as  good  places  to  start  an  engineering-political  cam- 
paign. 


UNIQUE  BRIDGE  ERECTION. 

The  method  by  w-hich  the  suspended  span  of  the  Quebec 
Bridge  was  being  erected  when  the  accident  now  familiar 
to  the  engineering  world  occurred  is  described  in  another 
column.  This  description,  it  is  perhaps  proper  to  say 
now,  was  written  prior  to  the  date  of  erection  and  to  the 
accident.  The  lessons  of  the  accident  are  discussed  in 
another  editorial.  Here  we  propose  to  remark  only  on 
the  plan  of  erection,  which  was  unique  in  bridge  engineer- 
ing practice. 

In  previous  cantilever  bridge  erection,  or  at  least  in 
previous  erection  of  cantilever  bridges  of  major  size  and 
high  above  the  water,  the  practice  has  been  to  erect  the 
suspended  span  piecemeal  as  extensions  of  the  cantilever 
arms.  Until  final  connection  and  adjustment  were  com- 
pleted at  mid-span  the  suspended  span  trusses  acted  as 
cantilevers;  after  final  connection  and  adjustment  the 
suspended  span  trusses  became  simple  trusses  seated  on 
the  projecting  ends  of  the  cantilever  arms.  The  safety 
and  surety  of  this  traditional  erection  practice  is  unques- 
tioned in  so  far  as  safety  and  surety  are  ever  certain  in 
bridge  construction  of  great  magnitude.  The  method, 
however,  has  its  objections.  It  calls  for  truss  design 
which  is  abnormal,  so  far  as  simple  truss  stress  require- 
ments are  concerned,  in  order  to  provide  for  erection 
stresses.  It  also  prolongs  the  erection  period,  for  no 
erection  work  on  the  suspended  span  is  possible  until  the 
cantilever  arms  are  completely  in  place. 
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At  Quebec  the  elimination  of  these  objections  and  the 
gain  of  other  advantages  were  sought  by  a  plan  for  erect- 
ing the  suspended  span  as  a  completed  unit.  A  span  of 
640  ft.  containing  upward  of  4,740  tons  of  steel  requires 
time  to  erect.  By  erecting  it  separately  from  the  re- 
mainder of  the  bridge  the  work  could  proceed  simulta- 
neously with  the  erection  of  the  remainder  of  the  bridge 
and  when  this  main  task  was  completed  the  placing  of 
the  separately  erected  span  completed  the  bridge  in  a 
few  hours  compared  with  the  time  required  to  construct 
it  member  by  member  in  place.  The  plan  was  sound 
in  theory  and  the  methods  devised  for  carrying  it  out  were 
simple  and  ingenious.  That  failure  in  erection  occurred 
seems  at  ilrst  sight  to  condemn  this  plan.  The  layman 
certainly  and  many  engineers  probably  will  visualize  only 
the  failure.  A  more  analj-tical  judgment  than  this  is  war- 
ranted by  the  facts. 


EDITORIAL  COMMENT. 


A  bridge  5.5  miles  long  and  costing  $22,000,000  is 
planned  to  be  built  by  San  Francisco  across  the  bay  to 
Oakland.  It  will  be  a  double-decker,  carrying  four  rail- 
way tracks  and  three  roadways.  This  will  be»the  most 
costly  bridge  in  the  world. 


It  is  said  that  low  carbon  steel  alloyed  with  12  per  cent 
chromium  produces  a  rustless  alloy.  Thus  far  its  principal 
use  has  been  for  cutlery,  but  may  it  not  ultimately  find 
application  in  thin  sections  of  structural  steel? 


Will  light  colored  walls  reduce  the  expense  of  illumi- 
nating office  buildings  30  per  cent?  At  the  recent  conven- 
tion of  the  Illuminating  Engineers'  Society,  Mr.  Samuel 
G.  Hibben,  of  the  Westinghouse  Electric  and  Mfg.  Co., 
read  a  paper  on  "The  Economics  of  Office  Building  Light- 
ing," and,  among  other  valuable  pieces  of  information, 
gave  test  data  showing  that  the  annual  cost  of  illuminat- 
ing a  moderate  sized  office  building  can  be  cut  from  |15,000 
down  to  $10,000,  merely  by  the  use  of  light-colored  in- 
terior painting. 


When  it  is  known  that  nearly  all  the  heat  that  escapes 
from  a  building  by  conduction  and  radiation  passes 
through  the  glass  windows,  one  wonders  why  every  win- 
dow sash  is  not  made  with  two  plates  of  glass  and  an  air 
space  between.  If  any  one  will  estimate  the  return  on  the 
investment  in  the  added  plate  of  glass,  as  a  result  of  the 
coal  saved,  he  will  get  a  result  that  will  make  "100  per 
cent  Miller"  look  like  a  "piker." 


The  engineer  as  a  designer  of  buildings  will  at  least 
give  adequate  study  to  the  problems  of  heating,  ventila- 
tion and  illumination.  Consider  the  average  dwelling, 
which  is  so  often  pleasing  to  look  at  but  irritating  to  live 
in,  and  then  ask  why  its  designers  ran  to  the  appearances 
and  forgot  the  utilities. 


It  has  been  disputed  whether  surveying  first  came  into 
existence  as  a  nautical  science  or  as  a  land  science — a 
wet  or  a  dry  science.  The  magnetic  compass  made  navi- 
gation scientific.  Prior  to  the  compass  there  was  little 
that  might  be  called  a  science  of  surveying.  It  seems 
likely,  therefore,  that  the  first  surveyors  to  use  angle 
measuring  instruments  were  the  navigators. 


^Tien  the  history-  of  earth  and  rock  moving  comes  to 
be  written  the  "Dinkj'"  (locomotive)  is  certain  to  have 
a  prominent  place  in  the  narrative.  We  wonder  whether 
many  excavating  contractors  have  stopped  to  think  to 
what  an  extent  the  industrial  locomotive,  that  miniature 
brother  of  the  Dinky,  is  usurping  the  place  of  the  older 
machine.  The  industrial  railway  (locomotive,  cars  and 
portable  truck)  has  become  almost  as  familiar  on  con- 
struction work  as  around  the  factory. 


CONCRETE  FOR  SALE. 

To  the  Editor:  Your  editorial,  "Concrete  for  Sale,"  re- 
calls some  of  the  difficulties  I  encountered  in  this  direc- 
tion some  years  ago,  when  as  a  young  and  ambitious  en- 
gineering student  I  saw  great  possibilities  of  fame  and 
fortune  awaiting  me  in  the  sale  of  ready-mixed  aggregate. 

I  got  my  original  ideas  from  a  paper  by  Wm.  B.  Fuller, 
an  authority  on  concrete.  Mr.  Fuller  recounted  how  he 
had  secured  absolute  impermeability,  greater  density,  and 
great  economy  of  cement,  without  sacrificing  strength,  by 
the  use  of  aggregates  of  several  sizes,  ranging  from  sand 
through  the  smaller  sizes  gravel  up  to  the  largest  prac- 
tical size  of  stone,  2V2  in.  These  aggregates  were  pro- 
portioned according  to  a  parabola,  with  the  smaller  sizes 
at  the  apex,  the  ordnates  representng  proportions  and  the 
abscissas  representing  sizes. 

My  plan  was  to  mix  aggregates  in  these  scientific  pro- 
portions and  sell  direct  from  the  gravel  pit  or  crusher,  so 
that  all  the  contractor  would  have  to  do  would  be  to  add 
cement  and  water. 

The  practical  difficulties  which  arose  were  these:  Mr. 
Fuller  advised  me  that  unless  each  batch  was  kept  by  it- 
self the  aggregates  would  separate  and  require  mixing, 
which  would  defeat  the  purpose  of  the  original  mixing, 
and  involve  the  use  of  as  much  cement  as  with  ordinary 
concrete;  secondly,  the  difficulty  of  getting  the  consent  of 
the  architects  and  building  departments  for  the  use  of 
less  than  the  usual  amount  of  cement  was  insurmount- 
able, and  without  this  consent  I  could  offer  no  great  in- 
ducement for  my  aggregate,  except  that  it  would  not  have 
to  be  mixed  as  much  as  sand  and  stone  bought  separately; 
then,  finally,  there  was  the  difficulty  of  persuading  the 
contractor  that  he  would  be  getting  as  much  for  his 
money  as  before,  as  the  contractor  in  most  cases  could 
not  appreciate  that  a  load  of  sand  mixed  wuth  two  loads 
of  stone  does  not  make  three  loads  of  mixed  aggregate. 

These  reflections  from  the  failure  of  one  of  my  first  in- 
spirations prompt  me  to  suggest  that  the  same  difficulties 
will  be  met,  with  many  more  due  to  the  cement  factor  in 
the  equation,  in  the  marketing  of  ready-made  concrete. 

One  of  these  added  difficulties,  which  I  think  you  have 
overlooked,  is  the  unreliability  of  delivery,  and  the  chance 
of  the  job  being  held  up  by  the  breakdown  of  trucks  or 
central  plant.  As  engineer  in  charge  of  materials  on  a 
big  construction  job  in  Jersey  City  several  years  ago,  I 
had  a  hard  enough  time  to  get  sand  and  gravel  on  the 
job  to  keep  the  mixer  going,  even  when  I  had  a  day  or 
two  start  of  the  mixing  gang.  Imagine  my  troubles  if  I 
had  had  to  co-ordinate  the  delivery  of  material  precisely 
with  its  use. 

But  there  is  one  unanswerable  argument  in  the  scheme's 
favor:  it  is  right  now  being  used  on  the  New  York  city 
subways,  and  apparently  with  the  greatest  success. 
Here's  good  luck  to  anyone  with  the  courage  to  risk  his 
hard  earned  money  in  the  pioneering. 

John  C.  Crozier. 

Milbum,  N.  Y.,  Aug.  25,  1916. 


STRENGTH  OF  CLAMPED  SPLICES  IN  CONCRETE 
REINFORCEMENT  BARS. 

To  the  Editor:  The  writer  believes  that  the  paper  by  E. 
L.  Lasier,  entitled,  "The  Strength  of  Clamped  Splices  in 
Concrete  Reinforcement  Bars,"  presented  at  the  recent 
annual  meeting  of  the  American  Society  for  Testing  Ma- 
terials, has  not  been  properly  commented  on  by  engineers. 
He  has  been  strengthened  in  this  belief  by  the  appearance 
of  an  advertisement  of  a  firm  which  manufactures  bar 
splices. 

The  author  of  the  paper  states  "That  clamped  lap  splices 
embedded  in  large  masses  of  concrete  undoubtedly  can 
safely  withstand  a  unit  load  equal  to  the  unit  stresses  in 
steel  reinforcement."  The  manufacturers  quote  the  above 
statement  and  we  may  see  in  the  near  future  a  large 
number  of  contractors  and  engineers  using  spliced  rein- 
forcement. Forlarge  bars  it  is  stated  that  the  cost  of  the 
splices  and  labor  will  be  less  than  the  cost  of  the  .addi- 
tional length  of  bar  required  for  bond. 
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The  author's  experiments  plainly  show  that  the  ratios  of 
load  at  first  slip  to  yield  point  of  bar  for  clamp  splices 
embedded  in  concrete  varied  from  53  to  83  per  cent.  We 
know  from  experiments  that  by  using  embedment  of  proper 
length  for  bond  100  per  cent  efficiency  can  be  secured. 
Assuming  the  yield  point  of  the  steel  to  be  32,000  lb.  per 
square  inch,  and  a  fiber  stress  of  16,000  lb.  per  square  inch 
is  used  in  designing,  the  steel  when  lapped  can  be  de- 
pended upon  to  hold  in  the  concrete  until  the  elastic  limit 
is  reached,  thus  giving  a  factor  of  safety  of  two,  based  on 
the  elastic  limit. 

It  is  poor  engineering  to  use  a  form  of  splice  in  which 
the  ratio  of  slip  to  the  elastic  limit  varies  from  53  to  83 
per  cent  when  100  per  cent  can  be  obtained  by  methods 
universally  approved. 

We  are  to  assume  that  in  the  laboratory  tests  the  great- 
est cai-e  was  used,  yet  splices  cannot  be  depended  upon  to 
safely  withstand  a  unit  load  greater  than  the  allowable 
unit  stress  in  the  steel  reinforcement  bars,  consequently 
there  is  no  factor  of  safety.  It  is  not  reasonable  to  assume 
that  all  splices  in  the  field  will  be  better  than  the  bar 
splices  made  in  the  laboratory,  and  a  warning  should  be 
issued  against  the  use  of  clamped  splices  for  reinforcing 
bars. 

The  writer  noticed  in  several  cases  that  bars  were 
spliced  by  welding.  In  concrete  arch  bridges  where  the 
unit  stress  in  the  reinforcement  is  very  low  there  may 
be  no  danger  in  welding  the  main  reinforcing  bars.  In 
beams  and  girders  in  which  the  steel  will  be  stressed  to 
16,000  pounds  or  more  per  square  inch,  the  splicing  of 
bars  by  v,-elding  is  a  dangerous  practice. 

The  writer  hopes  you  will  publish  this  letter  and  also 
comment  editorially  in  a  forcible  manner  on  the  subject 
matter.     If  this  is  not  done  there  may  be  many  failures. 
Yours  truly, 
Ernest  McCullough,  Consulting  Engineer. 

Chicago,  in.,  Aug.  23,  1910. 


A  COST  KEEPING  SYSTEM  FOR  BUILDING  CON- 
TRACTORS. 

Contributed  by  D.  B.   Duncan,  Springfield,  5Io. 

The  forms  will  serve  to  illustrate  an  estimating,  book- 
keeping and  cost  keeping  system  designed  to  meet  the 
requirements  of  a  firm  of  geperal  contractors  engaged  in 
building  construction.  The  system,  in  so  far  as  possible, 
avoids  bookkeeping  and  clerical  work  on  the  job.  All  of 
this  work  being  handled  in  the  main  or  a  branch  office. 

All  record  sheets,  with  the  exception  of  the  small  time 
cards,  have  been  made  the  size  of  letter  heads  to  facili- 
tate filing  in  office;  for  this  reason  also  some  of  the  sheets 
are  printed  on  paper  of  different  colors. 

The  estimating  sheet  will  be  readily  understood.  The 
information   shown    on   outside   page   of   this   estimating 


ESTIMATE  SHEET 

L.  W.  DUMAS.  Jr..  CONSTRUCTIOX  CO. 

Columbia,  Mo. 

Character  of  Building Location 

Oictter Architect 

Bid  Placed Cubical  Contents Cost  per  cu,  ft.. 

Work  Let  for Dale  Latins 

Items  Reserved  by  Owner  .: 

General  description  of  building: 


<0.utside  Page) 
Blank    for    Estimate    Sheet. 

sheet  serves  simply  as  a  matter  of  record  and  to  recall  to 
estimators'  minds  the  main  facts  about  the  building  in 
case  of  future  reference.  The  estimating  will  be  done  in 
sheets  the  same  size  as  letter  head  and  after  completing 
these  computations,  a  similar  sheet  will  be  made  showing 
all  information  contained  in  the  estimate.  These  com- 
putation sheets  will  then  be  fastened  together  and  cov- 
ered with  a  paper  cover  ready  for  file. 

The  small  time  cards,  B  and  C,  are  the  field  daily  rec- 
ords of  labor  and  material  used  on  the  work.  They  are  to 
be  kept  by  the  timekeeper,  who,  at  the  end  of  each  week 
will  assemble  the  information  and  fill  out  the  field  super- 


intendent's report  sheets.  After  checking,  these  sheets 
will  be  forwarded  to  main  office  by  the  superintendent. 
The  interval  of  time  between  the  end  of  week  and  pay 
day  will  be  sufficient  to  allow  the  checks  to  be  made  out 
in   the  main   office   and   returned  to  the   superintendent. 


L.  W.  DUMAS.  Jr.  CONSTRUCTION  CO. 
Columbia.  Missouri 

FIELD  superintendent's    REPORT. 

Bu  ilding Location Week  Ending 

L.\BOR                         Distribution  sheet 

.    Distribution 

Paid  for 
Labor 

Amount  of  Work 

Unit  Cost  of  Labor 

- 

_ 

— 

_ 

— 

Material 

Distribution 

Material  Used                Work  Done 

Unit  Quantity 

1 

Distribution  Sheet  for  Labor  and  IVIaterial. 

The  superintendent  will  have  one  copy  of  these  weekly 
records,  which  he  will  retain  on  work.  The  original  sent 
to  the  main  office  will  be  filed  there  and  not  be  returned 
for  use  in  paying  off  men.  The  column  in  payroll  sheet 
headed  "Money  Advanced"  is  to  be  used  to  record  amounts 
paid  for  labor  between  pay  days.  For  this  purpose  a 
small  amount  of  money  will  be  sent  to  the  superintendent 


Building 

L.  W.  DUMAS.  Jr.,  CONSTRUCTIOX  CO. 

Columbia,  Missouri 
FIELD  SUPERINTENDENT'S  REPORT 
Location _ Week  Kndintr 

PAYROLL     SHEET 

1 

Name 

Remarks  " 

Kind  of  Hours  1  „ 
Labor    Workedj  ^^^^ 

Total  Am't 

Money           j 
Advanced       ' 

1 

- 

1 

L 

1 



— 

— 

— 

— 

— 

— 

2 

- 

— 

3 
4 

.     ■ 

Payroll   Sheet. 

and  charged  to  him.  He  will  pay  these  bills  either  in 
cash  or  by  personal  check.  At  the  end  of  each  week  the 
total  amount  of  the  money  advanced  will  be  credited  to 
the  superintendent's  account.  It  is  the  duty  of  the  super- 
intendent to  see  that  the  material  records  are  accurately 
kept  by  timekeeper,  as  all  of  the  unit  must  depend  on 
this  information. 


L.  W.  DUMAS,  Jr.  CONSTRUCTION  CO. 

Job Location 

M.\TERiAL  Sheet 


Q 

Material  Used 

Work  Done 

o 

3 

- 

3 

1 

t 

, 

3 
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1 

1 

Material   Sheet. 

In  the  main  office  will  be  kept  journal  record  and  a 
looseleaf  general  ledger.  Also  a  looseleaf  ledger  for  each 
job  in  course  of  construction.  These  ledgers  will  be  of 
the  same  size  as  the  other  report  sheets.  The  office  ledger 
will  be  items  of  overhead  expense,  account  with  bank,  etc. 
Invoice,  etc.,  paid,  will  be  entered  on  journal  and  distrib- 


Scptember2  7,  1916 
Vol.    X  L  \'  I.      X  o.    1  3 

uted  to  proper  ledger.  Information  coming  in  on  field 
superintendent's  report  will  be  copied  directly  in  job 
ledgers  to  which  they   belong. 

The  job   ledgers  will  have  on   first   sheet  the  general 
information  regarding  the  job  in  question  and  will  be  a 


L.  W.  DUMAS.  Jr.  CONSTRUCTION  CO. 

Job Location 

Name 

Occupation 


^                     ,              Distribution 

H 

Money 
Advanced 

o 

1        1 

s 

t 

H 

•o 



^ 

i 

; 

5 

1 

Week  Ending 

Total  Time  (Hrs) . 


19 

.Rate Total. 

Amount  of  Check 

Money  Advanced 


Daily    Field    Labor    Sheet. 

copy  of  the  information  given  on  outside  of  the  estimate 
sheet.  It  is  put  in  the  job  ledger  for  handy  reference. 
The  second  page  of  ledger  will  have  an  exact  copy  of  the 
detailed  estimate;  after  this  will  be  the  index  to  ledger. 
The  sheets  of  the  ledger  will  be  ruled  on  both  sides;  one 


Page 
Spec. 

Character  Work 

Remarks 

Qauntities 

Unit 
Cost 

Total  Cost 

1 

1 

[ 

- 

- 

- 

! 

- 

- 



- 

- 

- 

— 

1                                   1 

1 

• 

- 

- 

— 

1 

i 

(Inside  Page) 
Estimate  Sheet. 

side  w'ill  carry  the  same  Heading  as  that  item  is  listed  on 
the  estimate  sheet  and  will  be  ruled  as  single  entry  ledger 
or  similar  ruling.  The  other  side  of  this  same  sheet  will 
be  ruled  as  a  double  entry  ledger  and  will  be  used  to  carry 
the  account  of  the  sub-contractor  to  whom  the  work 
shown  on  the  other  side  of  sheet  has  been  let.  This  page 
will,  of  course,  not  be  used  if  the  work  is  carried  on  by 
the  day  by  the  general  contractor. 

The  detailed  records  of  the  unit  costs  of  the  work  and 
the  amounts  of  material  will  be  kept  in  the  same  ledgers 
and  carried  in  the  back  of  ledger.  These  pages  will  be 
ruled  to  suit  the  conditions. 

After  the  completion  of  any  contract  a  summary  of  all 
the  cost  data  contained  in  the  job  ledger  will  be  made  up 
and  filed  in  a  cost  record  file;  also  a  copy  will  be  filed  in 
with  each  ledger.  The  ledger,  computations,  estimates, 
correspondence,  etc.,  will  now  be  filed.  These  may  be  all 
filed  together,  as  they  are  the  same  size,  or  they  may  be 
filed  separately,  as  desired. 


The  final  contract  for  the  construction  of  the  4th  Ave. 
Rapid  Transit  R.  R.  in  New  York  City,  was  awarded  last 
week  to  the  Degum  Contracting  Co.,  30  East  42d  St.,  New 
York  City,  at  $10,265.  The  section  lies  in  part  underneath 
the  Atlantic  Ave.  Station  of  the  Long  Island  R.  R.  in 
Brooklyn.  The  contract  was  not  let  until  this  time  ow- 
ing to  the  necessity  of  first  completing  the  preliminary 
construction  by  the  Long  Island  R.  R.  This  consisted  of 
a  concrete  slab  for  the  railroad  tracks,  which  eventually 
will  form  the  roof  of  the  subway. 


THE  NEW  GOVERNiMENT  DRY  DOCK  AT 
NORFOLK.  VA. 

Bids  are  now  being  asked  by  the  Bureau  of  Yards  and 
Docks  of  the  U.  S.  Navy  Department  for  the  construction 
of  a  new  dry  dock  at  the  navy  yard,  Norfolk,  Va.  This 
will  be  known  as  Dry  Dock  No.  4  and  will  be  one  of  the 
largest  structures  of  its  kind  yet  undei-taken  by  the  gov- 
ernment. The  general  dimensions  of  the  new  dry  dock 
will  be  as  follows: 

Elevation  of  coping 100.3 

ISIevation  of  mean  high  water 95.24 

Elevation  of  top  keel  and  docking  keel  blocks 55.0 

Ele\  ation    of    sills 51.5 

Elevation   of  lloor  of  doclc -19.5 

I^cnKlli  over  all  of  dock  on  center  line  from  outside  at  head  to 

outside   of   apron l,0i!4.25 

Length  of  dock  from  inside  of  coping  at  heart  to  outer  sill 1.022.0 

Widih  of  dock  over  all  at  coping  level 212.-) 

Width  in  body  of  dock  between  copings 144.0 

Width  between   faces  of  lowest  altars 110.0 

Width  of  onu-ance  at  coping  level 126.98 

Width  of  entrance  at  level  of  mean  high  water 125.67 

Peplh  from  coping  level  to  llooi"  of  dock 51.0 

Depth,  coping  level  ti  sill  of  dock 49.0 

Pepth.  mean  high  water  to  sill  of  dock 43.74 

Distance  between  caisson  seat  Xo.  1  and  cais&'on  seat  No.  2....  25.0 

Distance  between  caisson  seat  No.  1  and  caisson  seat  No.  3...  fi.S4.0 

Depth  mean  high  water  to  top  ot  keel  block 40.24 

The  elevations  refer  to  navy  yard  datum,  which  is  as- 
sumed to  be  100  ft.  below  a  point  in  the  coping  of  Dry 
Dock  No.  1  at  its  inner  end. 

The  side  walls,  including  all  supports  for  tracks,  and 
the  floor  of  the  dock  will  be  of  concrete.  All  interior  sur- 
faces of  the  dock  will  be  backed  with  metal  fabric  rein- 
forcement as  a  preventative  of  surface  cracks.  The  entire 
structure  will  be  subdivided  into  an  inner  dock  and  an 
outer  dock  by  an  intermediate  caisson  seat.  The  floor 
section  of  the  dock,  throughout  its  entire  length,  will  have 
two  longitudinal  drains  of  varying  diameters,  symmetric- 
ally placed  with  respect  to  the  center  line,  having  drain 
connections  to  the  floor  of  the  dock  at  intervals  of  4  ft.  A 
rudder  pit  will  be  located  near  the  entrance  of  the  dock 
and  will  be  provided  with  steel  nosing  and  terra  cotta 
drain.  A  cast  iron  drain  connection,  with  a  valve  in  the 
rudder  pit,  is  provided  from  the  caisson  seat. 

The  cross  culverts  between  the  filling  sluice  and  the 
longitudinal  drains  will  be  cast  iron  pipes  provided  with 
cast  iron  tees  or  crosses  at  points  of  intersection  with 
longitudinal  drains.  The  floor  section  also  is  provided 
with  two  longitudinal  lines  of  8-in.  vitrified  sewer  pipe, 
having  outlets  to  the  floor  of  the  dock  at  intervals  of 
about  36  ft.  Each  outlet  consists  of  a  4-in.  terra  cotta 
riser,  surmounted  by  a  4-in.  cast  iron  top  section.  Two 
suction  culverts  will  be  formed  in  the  concrete  of  the  floor 
section,  for  the  service  of  Dry  Dock  No.  3.  A  36-in.  con- 
duit across  the  dock  will  be  provided,  together  with  a  12- 
duct  terra  cotta  sectional,  electric  conduit,  both  of  which 
start  at  the  drainage  pump  chamber  and  terminate  in  a 
manhole  on  the  north  side  of  the  dock. 

The  side  walls  of  the  dock,  which  include  the  side  walls 
proper  and  the  piers,  girders,  etc.,  for  support  of  ac- 
cessories, will  be  different  cross  sections  for  the  two  sides 
of  the  dock,  due  to  the  necessity  of  providing  for  a  future 
Dry  Dock  No.  5.  The  altar  edges,  coping  steps  to  pump 
well,  and  bollard  platform  at  pump  well  will  be  provided 
w'ith  steel  nosings.  The  walls  and  accessory  piers,  abut- 
ments, etc.,  will  provide  the  necessary  supports  for  crane 
rails  and  for  standard-gauge  tracks.  The  pump  well  and 
the  filling,  suction  and  discharge  culverts  are  in  the  south 
wall.  An  elevator  shaft,  provided  with  winding  stair- 
case, will  be  installed  on  the  north  side  of  the  dock,  with 
shaft  opening  to  the  floor  of  dock  and  to  the  next  highest 
altar.  A  subsurface  live-rail  conduit  w^ith  numerous  man- 
holes will  be  provided,  completely  around  the  dock.  A 
12-duct,  sectional,  terra-cotta  electric  conduit  will  be  in- 
stalled around  the  dock,  at  the  coping,  with  numerous 
manholes  providing  access  thereto.  The  coping  will  be 
provided  with  a  guardrail,  extending  completely  around 
the  dock,  consisting  of  removable  stanchions  and  chains. 
Manholes  and  capstan  pits  will  have  3-in.  pipe  drains  with 
gate  valves  discharging  into  dock.  Six-inch  cast  iron 
fresh-water  mains,  salt-water  mains,  and  high-pressure 
air  mains  will  be  installed  by  the  government  the  entire 
length  of  both  sides  of  the  dock.    Numerous  4-in.  cast  iron 
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branches  with  valves  will  be  taken  off  and  extended  to  the 
face  of  side  walls  at  coping  level;  also  additional  high- 
pressure  air  branches  will  be  embedded  in  the  side  walls 
with  outlets  in  side  walls  of  dock  at  floor  level. 

The  pump  well  will  be  provided  with  operating  floor, 
galleries,  ladders  and  handrails.  The  roof  will  consist  of 
removable  sections,  constructed  of  structural  steel,  cast 
iron  frames  and  reinforced  concrete,  into  which  are  em- 
bedded approved,  stock  glass  lights,  the  whole  being  abso- 
lutely water-tight.  The  exterior  walls  of  pump  house 
above  the  coping  will  be  provided  with  pivoted  metal  sash 
and  metal  doors.  The  galleries  and  operating  floors  will 
have  checkered  steel  plates,  supported  on  structural  steel 
framework.  The  galleries  will  form  steady-bearing  sup- 
ports for  shafts  of  pumps.  All  sections  of  the  galleries 
and  operating  floor  in  the  four  main  pump  chambers  will 
be  removable,  but  only  certain  sections  in  the  adjacent 
chambers  will  be  removable.  An  independent  cast  iron 
discharge  main  is  required  from  the  drainage-pump  cham- 
ber to  the  entrance  of  the  dock  and  overboard;  also  cast 
iron  drainage  mains  for  the  service  of  the  several  cham- 
bers in  the  pump  well,  discharging  to  the  sump. 

The  suction  culverts  are  arranged  to  accomplish  the 
following  results :  Empty  inner  dock.  Empty  outer  dock. 
Empty  Dry  Dock  No.  3.  Empty  Dry  Dock  No.  5,  when 
installed. 

Sluice  gates  are  provided  for  the  first  three  operations 
only.  The  suction  culverts  for  the  service  of  Dry  Dock 
No.  3  pass  across  the  contemplated  dock  and  are  carried 
beyond  to  the  pump  well  of  Dry  Dock  No.  3  and  are  con- 
nected thereto.  The  projected  future  openings  to  Dry 
Dock  No.  5  will  be  completely  filled  with  concrete,  but 
cleavage  joints  coated  with  pitch  and  having  two  water 
stops  are  required  to  facilitate  the  removal  of  this  filling 
for  the  future  installation  of  sluice  gates  and  culverts 
for  the  service  of  a  future  dock.  The  filling  culvert,  with 
sluice  gates,  is  designed  to  fill  either  the  inner  or  the  outer 
dock,  or  both,  simultaneously.  The  suction  culvert  from 
the  inner  dock  acts  also  as  a  filling  sluice  for  this  portion 
of  the  dock.  The  discharge  culvert  runs  from  the  pump 
well  to  the  face  of  the  dock,  where  it  discharges.  This 
culvert  also  furnishes  ingress  for  the  water  supply  to  the 
filling  sluices.  All  sluice  gates  that  take  pressure  on  both 
sides  will  be  cast  into  the  concrete  and  provided  with 
water  stops.  Chambers  above  water  compartments  are  to 
be  made  water-tight  by  gaskets  and  plates,  or  by  some 
other  approved  method  to  prevent  the  entrance  of  water 
through  the  vertical  openings  designed  for  the  removal  of 
the  gates,  or  for  other  purposes. 

The  sluice  gates  will  be  hydraulically  operated  and  will 
be  of  the  following  sizes: 

Two  gates,  8x8-ft.  openings,  suitable  for  a  maximum 
head  on  either  side  of  67  ft.,  for  the  suction  from  Dry 
Dock  No.  3;  three  gates,  8x8-ft.  openings,  suitable  for  a 
maximum  head  on  either  side  of  60  ft.,  for  the  suction  to 
the  new  dock;  five  gates,  7x9-ft.  openings,  suitable  for  u 
maximum  head  on  one  side  of  44  ft.,  for  filling  sluices. 
The  gate  frame,  plug  and  guides  will  be  made  of  the  best 
quality  of  semi-steel,  composed  of  selected  new  pig  iron 
and  mild  steel.  The  gates  will  be  opened  and  closed  by 
means  of  a  double  acting  piston,  working  inside  of  a  cast 
iron  or  cast  steel  cylinder,  actuated  by  oil  under  a  pres- 
sure of  300  lbs.  per  s<i.  in. 

The  concrete  for  the  body  of  the  dock  and  for  the  cap- 
stan foundations  will  be  1:21/2:5  mix.  A  certain  quantity 
of  the  above-mentioned  concrete  will  be  waterproofed  for 
installation  in  the  following  locations:  Upper  surface  of 
the  floor  of  the  dock  to  a  depth  of  3  ft.;  the  inner  faces 
of  side  walls  to  a  depth  of  approximately  3  ft.,  all  capstan 
pits,  and  electric  manhole,  and  certain  walls  and  floors 
separating  dry  compartments  from  wet  compartments  or 
from  compartments  which  may  become  wet  through  per- 
colation. Waterproofing  will  be  prepared  by  the  integral 
method,  combining  with  the  cement  a  weight  of  Toxement 
equal  to  2  per  cent  of  the  weight  of  the  cement,  the  mix- 
ing to  be  done  at  the  mill. 

Concrete  mixed  in  the  proportions  of  1 :2 :4  will  be  used 
for  the  following  parts  of  the  work:     Crane-track  girders 


and  slab.  Bollard  and  hand  capstan  foundations.  Roof 
of  pump  well  and  sluice  chambers.  The  contractor  may 
embed  in  the  concrete  of  the  floor  and  side  walls  of  the 
dock  blocks  of  sound,  hard  rock  not  e.xceeding  in  the  larg- 
est dimension  of  the  block  one-third  the  minimum  thick- 
ness of  the  concrete  body  where  it  is  embedded  and  in  no 
case  exceeding  3  tons  in  weight  or  6  ft.  in  any  dimension. 
The  approximate  quantities  include  the  following: 

Cofferdam  and  pumping. 
Fjccavation,  neat  side  lines  of  dock  to  3  ft.  above  bottom,  cu. 

yd 489,400 

Bxcavaticn,  below  3  ft.  line.  cu.   yd ^ 25,935 

Excavation,   miscellaneous,   cu.  yd 15,610 

Dredging,  cu.   yd 130,000 

Concrete,  plain,  l:2Vi:5,  body  of  doclj  and  capstan  foundation, 

cu.  yd 137,800 

Con;rete,  1:214:5.  waterproofed,  cu.   yd 31,200 

Concrete,  1:2:4,  girders,  bollard  foundation,  proof  of  pump  well, 

sluice  chambers,  cu.   yd 7,350 

Piling,  round,  under  designed  structure,  lin.  ft 12,544 

I'lUni^.  round,  under  piled  dock,  lin.  ft 277,682 

Piling,   sheet  steel,  lb 20,000 

Granite,  caisson  seats,  abutment  coping,  discharge  culvert  face, 

face  of  dock,  lin.  ft 21,415 

.Structural  steel,   pump  well,   lb 169,650 

Structural  steel,  dock,  lb 88,100 

Galvanized    steel,    lb 198,674 

Coated  steel,   lb ' 108,725 

Reinforcing  rods  in  dry  dock  floor,  lb 497,900 

Reinforcing  rods  in  dry  dock  walls,   lb 408,580 

Reinforcing  rods  in  pump  well,  lb 22,712 

Reinforcing  rods*  in  crane  track  system,  lb 259,560 

Reinforcing  rods  in  culvert 110,940 

Wire   fabric   reinforcement,    lb 107,115 

Cast  iron  pipe,  in  filling  system,  lb 701,500 

Cast  iron  pipe  in  pump  well,  lb 54,500 

Cast  iron  pipe,  miscellaneous,  lb 159,900 

Cast  iron  specials,   lb 224,500 

Cast   iron  miscellaneous,   lb 459,669 

Oak  lumber,  ft.  B.   M 860,430 

llaple  lumber,  ft.   B.   M 600,468 


THE  TALLEST  STEEL  CHIMNEY. 

The  drawings  of  the  accompanying  engraving  describe 
a  steel  chimney  erected  at  the  United  Verde  Copper 
Works  in  Arizona  and  named  by  A.  G.  McGregor  in  Trans- 
actions American  Institute  of  Mining  Engineers  in  Au- 


Stock 
Details  of  Steel  Chimney  for  United  Verde  Copper  Company. 

gust,  1916,  the  tallest  steel  chimney  ever  built.  Specifically 
this  chimney  is  30  ft.  9^,2  in.  in  diameter  and  400  ft.  1 
in.  high.  The  drawings  present  all  the  essential  struc- 
tural features  and  may  be  read  for  details  in  which  the 
reader  is  interested. 
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NEW  PLANT  OF  THE  NAUMKEAG  STEAM 
COTTON  CO.,  AT  SALEM,  MASS. 

Contributed  by  Lockwood.  Greene  &  Co.,  Engineers,  Bos-ton,  Mass. 

A  new  reinforced  concrete  plant  has  recently  been  com- 
pleted for  the  Xaumkeag  Steam  Cotton  Company,  at  Salem, 
Mass.,  replacing  a  number  of  buildings  completely  de- 
stroyed by  the  great  Salem  fire  of  June  25,  1914.  The 
new  buildings  represent  the  most  advanced  standards  in 
mill  construction  and  they  have  attracted  wide  attention. 

The  new  plant  includes  a  group  of  three  principal  struc- 
tures, the  storehouse,  the  spinning  mill  and  the  weave 
shed,  there  being  in  addition  to  these  a  new  heating  plant. 
The  buildings  while  designed  for  their  particular  uses  in 
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placed  directly  on  the  slab  and  on  top  of  this  the  asphalt 
and  slag  roofing  is  placed. 

The  skylights  are  made  up  of  hollow  metal  sash  of 
double  glazing  so  as  to  insure  against  condensation.  The 
ventilators  placed  at  diflferent  parts  of  the  roof  at  the 
high  point  of  the  sawtooth  skylights  are  controlled  from 
dampers  from  the  inside.  The  floors  are  finished  with  a 
wood  top  made  up  in  a  similar  manner  to  those  in  the  mill. 
The  cloth  room  is  contained  in  this  building. 

The  hot  water  heating  is  supplied  from  a  boiler  house 
of  brick  and  steel,  in  which  in  addition  to  the  boilers  and 
pumps  for  the  heating  system  is  located  the  fire  pump 
room.    The  chimney  is  of  brick  1.50  ft.  high. 

These  buildings  were  designed  by  Lockwood,  Greene  & 


Plant  of  Naumkeaa  Steam  Cotton  Co.,  Salem.   Mass. 


the  process  of  textile  manufacturing  are  of  unusually 
pleasing  architectural  appearance,  the  use  of  brick  cur- 
tain walls  in  contrast  to  the  concrete  giving  a  very  attrac- 
tive finish. 

The  store  house  is  a  building  of  five  stories  and  a  base- 
ment. 500  ft.  long,  108  ft.  wide  at  one  end  and  57  ft.  wide 
at  the  other.  The  mushroom  type  of  construction  is  used 
in  this  building  and  there  are  steel  sash  throughout,  and 
in  addition  to  storage  space  this  building  contains  sam- 
pling and  opening  rooms. 

The  spinning  mill,  of  beam  and  slab  construction,  722 
ft.  long  and  135  ft.  wide,  consists  of  four  stories  and  the 
basement.  The  column  spacing  is  26x24  ft.  On  account 
of  the  wide  spacing  of  the  columns  and  the  loads  that  the 
several  floors  would  have  to  carry,  it  was  found  advisable 
to  chan.ge  from  the  regular  type  of  reinforced  column  to 
columns  with  structural  steel  cores  in  those  that  support 
the  2nd,  .3rd  and  4th  floors.  By  doing  this  the  diameter  of 
the  columns  was  kept  to  a  minimum,  thus  saving  valuable 
floor  space  in  the  mill. 

The  floors  of  the  picking  and  carding  departments  are 
finished  with  a  granolithic  top,  while  other  departments 
in  this  building  Yiave  a  wood  top  floor.  In  the  floors  with 
wood  top  the  regular  concrete  slab  is  poured,  on  this  are 
laid  screeds  held  down  to  the  concrete  by  clips  which 
have  been  imbedded  in  the  concrete,  and  the  space  be- 
tween the  screeds  filled  with  cinder  concrete.  On  top  of 
these  screeds  is  laid  an  intermediate  floor;  both  screeds 
and  intermediate  flooring  being  treated  with  wood  pre- 
servative, and  the  whole  finished  with  a  maple  top  floor. 

The  roof  pitch  is  obtained  by  filling  in  with  cinder  con- 
crete at  the  proper  depth  on  top  of  the  roof  slab  so  that 
the  water  will  drain  to  the  several  conductor  pipes  which 
pass  down  through  the  inside  of  the  building.  On  top  of 
the  cinder  concrete  is  a  tar  and  gravel  roof.  Steel  sash 
are  employed  throughout  and  double  glazing  «in  the  north 
and  east  sides. 

The  weave  shed  is  990  ft.  long,  one  portion  of  it  bein? 
420x482  ft.  and  the  other  508x212  ft.  The  roof  of  the 
weave  shed  is  made  of  beam  and  slab  construction  and  in 
order  to  do  away  with  condensation  a  layer  of  cork  was 


Co.,  engineers,  of  Boston,  Mass.,  and  erected  under  their 
supervision. 


HEATING  MATERIALS  FOR  BRIDGE  PAVING  IN 
COLD  WEATHER. 

In  the  construction  of  the  Harrison  St.  bridge  at  Fort 
Wayne,  Ind.,  it  was  necessary  to  put  down  the  paving  dur- 
ing the  winter.  We  are  indebted  to  C.  B.  Freeman,  chief 
engineer  of  the  Carmichael-Cryder  Co.,  St.  Louis,  Mo.,  the 
contractors  for  the  bridge,  for  the  following  description 
of  the  methods  used: 

Because  of  the  delay  in  getting  the  material  to  make  the 
fill  over  the  arches,  the  paving  work  on  the  bridge  ran 
into  the  winter  and  special  precautions  had  to  be  taken  in 
order  to  handle  properly  the  concrete  base  and  pavement. 
As  is  customarily  done,  the  sand  and  gravel  were  strung 
out  along  the  roadway  behind  the  large  street  paving 
mixer  which  was  used.  Steam  jets  with  flexible  hose  con- 
nections were  inserted  in  these  material  piles  at  various 
points  and  fed  from  a  portable  boiler  which  was  kept 
fired  during  the  night.  By  confining  the  heat  under  large 
tarpaulins  enough  material  was  ready  each  morning  to 
permit  of  continuous  concreting  during  the  day.  The  earth 
fill  under  the  material  piles  was  also  in  this  manner  freed 
from  frost.  As  soon  as  the  concrete  was  placed,  it  was 
covered  with  a  3  ft.  bed  of  loose  straw  which  eflTectively 
prevented  freezing.  When  the  pavement  was  laid,  heated 
sand  was  wheeled  forward  and  spread  out  only  a  very 
short  distance  ahead  of  the  pavers. 

What  promised  to  be  the  greatest  difficulty  was  the  plac- 
ing of  the  asphalt  filler  in  the  spaces  between  the  cold 
bricks  in  such  a  way  as  to  insure  its  going  into  all  of  the 
interstices  before  it  was  congealed.  This  difficulty  was 
gotten  around  by  using  a  large  bitulithic  pavement  burner. 
This  burner  covered  an  area  of  about  12  sq.  ft.  and  was 
simply  run  back  and  forth  oyer  the  bricks  ahead  of  ^he 
workers,  handling  the  asphalt  filler.  The  flames  in  this 
burner  were  so  hot  that  it  was  necessary  to  be  very  care- 
ful not  to  crack  the  paving  blocks,  but  with  a  little  care 
this  was  easily  avoided  and  the  filler,  heated  to  the  maxi- 
mum degree,  was  placed  very  satisfactorily. 
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A  NOVEL  ELECTRICALLY  OPERATED  LIFT 
BRIDGE. 

Contributed    by   Frank    C.    Perkins.    Buffalo,    N.    Y. 

The  accompanying  illustrations  show  the  details  of  con- 
struction of  the  unique  lift  bridge  over  the  Arkansas 
River  at  Pine  Bluff,  Ark.,  as  designed  at  Kansas  City, 
Mo.,  by  Engineers  Ira  G.  Hedrick  and  Victor  H.  Cochrane. 
The  electric  operating  machinery  is  quite  simple  as  at 
each  corner  of  the  span  there  are  two  heavy  sprocket 
chains  attached  at  one  end  of  the  top  of  the  tower  posts 
a  short  distance  below  the  top  of  the  top  chords.  These 
operating  chains  are  attached  to  horizontal  links  to  equal- 
ize the  stresses  and  are  provided  with  bolts  at  top  and 
bottom  to  adjust  the  position  of  the  chains  and  to  regu- 
late the  tension.  At  a  point  a  little  above  the  top  chord 
each  part  of  sprocket  chains  is  lopped  back  towards  the 
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THE   ERECTION   OF   THE   SUSPENDED  SPAN 
NEW  QUEBEC  BRIDGE. 

Contributed  by  G.  V.  Davles  and  N.  C.  McMath.  Assistant  Engineers 
St.  Lawrence  Bridge  Co.,  Limited. 

There  will  be  four  stages  in  the  erection  of  the  sus- 
pended span  of  the  new  Quebec  bridge,  as  follows:  (1) 
The  placing  and  loading  of  the  scows  under  the  span;  (2) 
towing  the  span  into  position  under  the  two  cantilever 
arms;  f3)  hitching  on  and  lifting  by  jacks,  and  (4)  the 
final  connections  to  the  cantilever  arms. 

The  suspended  span  has  been  erected  on  steel  falsework 
at  Fillery,  a  village  about  three  miles  below  the  bridge 
site,  on  a  large  flat,  which  is  usually  bare  at  low  tide,  but 
with  sufficient  depth  of  water  at  high  tide  to  float  the  span 
when  the  scows  are  in  place. 

The  span  will  be  floated  on  six  steel  framed,  timber 
sheeted  scows,  each  164  ft.  6  in.  long,  32  ft.  wide  and  11  ft. 
7^4  in.  deep,  with  a  capacity  of  appro.ximately  1,000  tons. 

The  load  on  each  scow  is  carried  by  four  steel  bulkheads, 
which  connect  with  three  longitudinal  steel  trusses.  The 
scows  are  placed  under  the  suspended  span   with  their 
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center  of  the  lift  span  in  a  horizontal  direction  between 
two  pairs  of  idler  sprockets  and  then  passes  over  drive 
sprockets.  These  sprockets  are  operated  by  a  train  of 
gears  connected  to  a  motor.  There  are  two  electric  mo- 
tors, one  at  each  end  of  the  span,  each  operating  the  two 
pairs  of  driving  sprockets  at  that  end  of  the  span.  The 
train  of  gearing,  the  drive  sprockets,  and  the  idler 
sprockets  at  the  corner  of  the  span  are  all  attached  to  a 
structural  steel  frame.  In  order  to  insure  that  both  ends 
of  the  span  move  together,  the  mechanism  at  the  two  ends 
is  connected  by  a  line  shaft.  In  case  an  electric  motor 
at  one  end  should  get  out  of  order  the  motor  at  the  other 
end  will  operate  the  span,  the  line  shaft  being  capable  of 
transmitting  sufficient  power  to  the  other  end.  To  the 
line  shaft  is  attached  the  hand  operating  capstan  near 
the  center  of  the  span. 
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Sketches   Showing    IVIethod    of    Raising   Span. 


length  at  right  angles  with  the  span,  each  one  located 
under  a  floor  beam  as  shown  in  Fig.  1,  the  grillage  being 
composed  of  track  girders  and  stringers  built  up  on  the 
decks  of  the  scows  so  as  to  distribute  the  load  on  the 
bulkheads.  There  are  valves  in  the  scov.-s  which  are  kept 
open  until  the  day  of  flotation  so  that  the  scows  will  fill 
and  empty  with  the  rise  and  fall  of  the  tide. 

Hanging  from  No.  1  floorbeam  of  each  cantilever  arm  is 
a  steel  mooring  truss,  shown  in  both  Figures  1  and  2. 
This  pivots  on  a  pin  just  under  the  floorbeam  so  that  the 
lower  end  may  be  raised  by  block  and  tackle  in  case  the 
span  is  not  squarely  in  the  middle  of  the  river  when  floated 
down.  Mooring  lines  will  be  fastened  from  the  base  of  the 
truss  to  the  corners  of  the  span  so  that  when  the  span  is 
in  approximate  position  it  can  be  pulled  into  almost  the 
exact  position  required. 

Fig.  2  also  shows  the  temporary  links  which  extend  from 
the  intersection  of  the  top  chord  and  end  post  down  to  the 
level  of  the  span  when  afloat.  These  links  are  pin  con- 
nected to  the  span,  the  bottom  pinhole  being  slotted  ap- 
proximately five  feet  for  ease  in  connection. 

As  shown  in  Fig.  1,  there  is  a  girder  setting  on  a  pin 
on  top  of  each  end  post.    From  this  girder,  which  is  in  a 
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fixed  position,  hang  two  lengths  of  fixed  links,  to  the  bot- 
tom of  which  is  bolted  the  lower  jacking  girder,  also  in 
a  fixed  position.  On  the  latter  stand  two  1,000-ton  hydrau- 
lic jacks,  having  a  two-foot  stroke,  on  top  of  which  is  the 
upper  jacking  girder,  sliding  on  the  fixed  links.  There  are 
also  two  screws  between  the  girders,  which  will  follow  up 
the  jacks  when  lifting  as  a  safeguard  against  an  accident 
to  the  jacks. 

Each  jacking  girder  is  made  up  of  two  plates  with  verti- 
cal diaphragms  between.  The  jacking  is  against  these 
diaphragms,  which  also  contain  the  pinholes  for  the  link 
connections.  There  are  six  lengths  of  these  links  about 
30  ft.  long  between  the  top  jacking  girder  and  the  connec- 
tion to  the  suspended  span,  with  pinholes  spaced   6  ft. 
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and  allowed  to  drift  upstream  with  the  incoming  tide  to  a 
point  150  feet  below  the  bridge  where  the  mooring  lines 
will  be  made  fast,  and  the  span  pulled  into  position.  The 
links  will  be  kept  at  the  right  elevation  so  with  the  slotted 
pinholes  the  connection  will  be  easy  to  make.  The  jacking 
can  then  be  started. 

Now  assume  that  at  the  time  of  connection  the  links  are 
connected  at  pinhole  A  of  the  top  jacking  girder  (see  Fig. 
2)  and  that  the  jacks  are  run  up  part  way.  (It  is  impossi- 
ble to  state  exactly  the  position,  as  it  depends  on  the  height 
of  the  tide.)  The  pumps  are  now  operated,  lifting  the  span 
until  the  pin  at  C  on  the  lower  jacking  girder  may  be 
driven.  The  screws  are  now  run  down,  the  pin  removed 
from  A,  the  jacks  released  and  the  upper  girder  lowered 


Fig.   2 — View   Showing    Temporary    Llnl<s. 

centers.  These  are  shown  clearly  in  Figs.  1  and  2.  In  the 
latter,  on  one  side  they  have  been  drawn  back  out  of  the 
way  of  navigation,  while  the  other  side  is  not  yet  fin- 
ished. 

In  each  end  of  the  jacking  girders,  there  are  three  pin- 
holes, spaced  vertically  two  feet  apart.  There  is  a  girder 
resting  under  each  corner  of  the  suspended  span,  to  which 
is  attached  a  short  link.  The  top  pinhole  of  this  link  is 
to  be  connected  to  the  slotted  pinhole  at  the  bottom  of  the 
links  hanging  from  the  cantilever  arm.  Fig.  3  shows  a 
close  view  of  the  platforms  around  the  jacking  girders,  the 
three  pinholes  for  the  link  connection. 

When  the  day  of  flotation  arrives  the  valves  in  the 
scows  will  be  closed  at  low  tide,  so  that  the  span  will  float 
at  high  tide.    It  will  be  pulled  out  into  mid  stream  by  tugs 


Fig.  3 — View  of  Platforms. 

until  the  pinhole  in  the  links  corresponds  to  that  at  C  in  the 
upper  girder,  when  the  pin  will  be  driven.  The  span  is 
now  jacked  up  again  until  the  pin  may  be  driven  at  a, 
then  the  jacks  released  until  the  connection  is  made  at 
B.  Then  up  until  the  pin  is  driven  at  b,  and  then  down 
to  A  again,  after  which  the  process  is  repeated  until  the 
span  is  in  place,  the  links  being  removed  as  soon  as  they 
are  above  the  jacking  girder.  The  final  pins  can  now  be 
driven  through  the  eyebars  from  the  cantilever  arm  and 
the  suspended  span  (shown  spread  apart  in  Fig.  1  for 
clearness). 

All  that  now  remains  is  the  end  piece  of  lower  chord 
containing  the  friction  brake,  with  a  capacity  of  250,000 
lb.  to  prevent  longitudinal  swinging  of  the  span,  the  bot- 
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torn  laterals  in  the  end  panel  and  the  floor  system  of  the 
suspended  span. 

At  the  present  writing,  August,  1916,  the  two  cantilever 
arms  are  completed,  as  well  as  the  span.  The  traveler  on 
the  South  Shore  is  being  taken  down,  and  the  riveting  is 
being  completed  on  the  span,  the  North  Shore  cantilever 
arm  being  completed  last  year.  It  is  hoped  to  be  able  to 
float  in  the  span  by  September  11,  1916. 

The  bridge  is  being  built  for  the  Dominion  Government, 
the  St.  Lawrence  Bridge  Co.,  Ltd.,  being  the  contractor  for 
the  superstructure,  of  which  Phelps  Johnson  is  president, 
Geo.  F.  Porter,  engineer  of  construction,  and  L.  P. 
Mitchell,  consulting  engineer. 


A    METHOD    OF    SPLICING    HIGH    POWER   SUB- 
MARINE ELECTRIC  CABLES. 

The  laying  of  submarine  cable  for  high  power  elec- 
tric transmission  is  an  engineer's  task  rather  than  a  task 
for  the  electrician.    This  is  also  largely  true  of  the  con- 


THE  FIRST  REGULAR  EXAMINATIONS  FOR  LI- 
CENSING STRUCTURAL  ENGINEERS  IN 
ILLINOIS. 

Elsewhere  in  this  issue  appears  the  advertisement  of 
the  Illinois  State  Board  of  Examiners  of  Structural  Engi- 
neers, indicating  that  they  will  hold  a  regular  class  ex- 
amination at  the  University  of  Illinois,  Champaign-Ur- 
bana,  on  Oct.  19  and  20. 

This  will  be  the  first  regular  examination  to  be  held  by 
this  Board,  which  was  organized  last  year,  after  the  pas- 
sage by  the  General  Assembly  and  the  approval  of  Gov- 
ernor Dunne  of  a  Structural  Engineers'  License  Law  of 
the  State  of  Illinois,  and  is  consequently  attracting  con- 
siderable attention,  not  only  in  the  state  of  Illinois,  but 
also  in  the  country  at  large,  due  to  the  fact  that  engineers 
of  any  locality,  in  order  to  prepare  plans  and  specifica- 
tions for  engineering  structures  in  the  state  of  Illinois, 
must  hold  a  state  license.  The  Illinois  law  requires  that 
the  Board  shall  publish  its  rules,  oflScers  and  examination 
dates  at  least  twice  in  one  engineering  journal  of  general 
circulation  in  the  state  of  Illinois.  Incidentally  it  may  be 
mentioned  that  the  Board  is  using  Engineering  and  Con- 
tracting for  this  purpose. 

The  examination  will  be  of  two  days  duration.  The 
first  day  will  be  spent  largely  in  a  written  examination, 
covering  the  design  and  construction  of  buildings  and 
structures,  according  to  scientific  principles,  with  special 
reference  to  strength  and  safety;  the  strength  and  prop- 
erties of  the  various  building  materials;  and  the  princi- 
ples of  theoretical  and  applied  mechanics.  The  second 
day  will  be  spent  in  testing  the  ability  of  the  applicant  to 
apply  his  knowledge  to  the  ordinary  requirements  in  struc- 
tural engineering,  and  will  consist  of  a  design  problem  to 
be  worked  out  by  each  applicant. 

Over  a  hundred  applications  for  this  examination  have 
already  been  received  by  the  Board,  which  indicates  a 
wide  spread  interest  in  the  Structural  Engineers'  Law  of 
Illinois,  and  already  assures  the  success  of  this  examina- 
tion. The  Board  of  Examiners  is  composed  entirely  of 
practical  engineers  of  broad  and  varied  experience,  and 
the  examination  will  be  of  a  broad  and  common  sense  na- 
ture and  not  designed  in  any  way  to  apply  to  recent  grad- 
uates or  seniors  of  the  technical  universities.  In  order 
to  take  the  examination  an  applicant  must  have  had  at 
least  six  years'  experience  in  the  structural  engineering 
field.  A  degree  from  an  accredited  engineering  school 
will  count  as  two  years'  experience  on  this  required  six 
year  period.  In  addition  to  having  been  engaged  in  the 
practice  of  structural  engineering  for  six  years,  it  is  nec- 
essary that  during  at  least  two  full  years  of  that  time  the 
applicant  must  have  been  in  responsible  charge  of  work 
as  principal  or  assistant,  with  the  exception  that  if  he  was 
engaged  in  the  practice  of  structural  engineering  in  the 
state  of  Illinois  on  the  5th  day  of  July,  1915,  and  had  not 
applied  for  a  license  without  examination,  he  will  be  per- 
mitted to  take  the  examination  without  regard  for  the 
length  of  time  he  has  practised. 

Applications  must  be  on  forms  provided  by  the  Board, 
and  must  be  accompanied  by  the  fee  of  $20.00,  which  is 
not  returnable  in  case  of  failure  to  pass.  Those  who  are 
successful  will  be  so  advised  and  upon  the  payment  of 
an  additional  fee  of  $30.00  a  license  will  be  issued.  Ap- 
plication blanks  may  be  obtained  at  the  oflice  of  the  Board, 
1735  Monadnock  Block,  Chicago. 


rigs.   1-5 — Sequence   of  Operations   in   Splicing    High    Power   Submarine 
Electric   Cables. 

struction  of  splices  in  such  cables.  A  high  power  sub- 
marine cable  weighs  from  20  to  25  lb.  per  foot  and  when 
it  is  being  laid  in  water  50  to  100  ft.  deep  from  a  vessel 
subjected  to  swells  and  wave  action  the  strains  that  must 
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be  withstood  by  the  cable  are  very  great.  To  strengthen 
the  cable  to  meet  this  strain  it  is  spirally  wound  with 
steel  wires  which  relieve  the  lead  sheath,  the  insulation 
and  the  conductor  wire  from  damaging  pulls.  To  join 
this  wire  sheathing  when  splices  are  necessary  without 
forming  a  weak  place  in  the  wire  wrapping  is  a  task  of 
importance  and  the  accompanying  illustrations  show  the 
method  of  performing  this  task  by  the  engineers  of  the 
Great  Western  Power  Co.,  San  Francisco,  Cal.,  in  laying 
a  22,000-volt  submarine  cable  across  San  Francisco  Bay. 
The  illustrations  indicate  the  several  steps  in  splicing. 
Figure  1  shows  the  wire  armor  stripped  from  the  cable 
ends  with  the  wire  ends  threaded  through  iron  rings  to 
keep  them  separated  and  in  the  proper  order.  The  cable 
ends  are  lapped  6  in.  The  next  step  is  to  slip  over  one 
of  the  bared  cable  ends  a  turnbuckle  sleeve  which  consists 
of  three  parts,  as  shown  by  Fig.  2.  The  sleeve  consists  of 
two  end  pieces  of  4',--in.  heavy  iron  pipe  with  their 
adjacent  ends  threaded  one  to  the  right  and  the  other  to 
the  left  and  of  a  coupling  of  large  pipe  also  right  and  left 
threaded  screwed  partly  onto  the  end  parts.  This  coupling 
is  slipped  back  onto  the  cable  as  shown  by  Fig.  2,  and  the 
conductors  are  laid  bare  for  splicing.  Figure  3  shows  the 
conductors  spliced  and  wound  with  tape.  The  fourth 
operation  is  to  cover  the  splice  with  lead  sheath  as  shown 
by  Fig.  4  and  to  fill  the  cavity  inside  this  sheath  with  ozite 
poured  through  a  hole  in  the  sheath.  The  tunibuckle 
sleeve  is  then  slid  over  the  splice  sheath  and  the  spiral 
wires  are  cut,  drawn  tight  and  welded  by  oxy-acetylene 
process  to  the  ends  of  the  sleeve  pieces.  Figure  5  shows  the 
turnbuckle  sleeve  with  the  wires  welded  to  one  end  and 
laid  in  place  ready  to  cut  and  weld  to  the  other  end.  When 
both  welds  are  completed  the  coupling  piece  is  screwed  up, 
pulling  the  end  pieces  toward  each  other  and  placing  the 
armor  wires  tight. 

From  a  paper  by  J.  A.  Koontz  and  L.  P.  Cornell,  engi- 
neers of  the  Great  Western  Power  Co.,  read  before  the 
San  Francisco  Section  of  the  American  Institute  of  Elec- 
trical Engineers,  we  take  the  following  further  informa- 
tion concerning  the  splicing  of  this  long  power  cable: 

Elaborate  tests  were  made  before  these  splices  were 
adopted.  A  tension  of  28  tons  was  applied  to  both  the 
armor  and  conductors  on  each  side  of  the  sleeve,  first 
lengthwise  and  then  by  confining  the  turnbuckle  parallel 
to  the  floor  and  hoisting  both  ends  of  the  cable  on  the 
hook  of  a  crane  at  right  angles  to  it.  This  test  was 
stopped  at  28  tons  because  that  happened  to  be  the  limit 
of  the  ring  bolt  in  the  concrete  floor.  A  potential  test 
of  53,400  volts  was  applied  for  five  minutes  between  con- 
ductors without  failure,  and  was  stopped  at  this  point 
because  of  the  brush  discharge  between  the  ends  of  the 
conductors.  A  tension  of  100  tons  was  later  applied  to 
the  armor  wires  on  each  end  of  a  section  of  the  cable  with- 
out causing  measurable  elongation  or  any  change  in  its 
appearance. 

The  cable  laying  barge  was  86x35  ft.,  equipped  with  a 
reel  of  ordinary  type  6-ft.  drum,  16  ft.  long,  gear  driven 
by  a  steam  engine.  The  capacity  of  the  barge  was  200 
tons,  of  the  reel  125  tons.  The  cable  was  furnished  by 
the  General  Electric  Co.  in  lengths  of  1,000  and  1,308 
ft.  Several  of  these  lengths  were  joined  together  to  form 
a  section  suitable  for  laying  while  the  barge  was  tied  at 
the  dock,  and  this  work  proceeded  at  the  rate  of  a  splice 
a  day. 

To  accomplish  this  result  the  men  worked  in  rotation. 
The  cable  splicer  and  his  helper  started  the  day  and  were 
followed  by  the  welder,  and  he  in  turn  by  five  steve- 
dores and  the  donkey  engineer,  who  placed  the  cable 
on  the  reel  and  made  ready  for  the  next  splice. 

When  a  section  of  desired  length  was  formed  the  barge 
went  out  and  laid  it  and  returned  to  the  dock,  where  the 
operation  was  repeated. 

At  the  start,  ll^i  hours  elapsed  in  making  a  splice,  of 
which  4  hours  were  used  in  welding  the  armor.  Toward 
the  last  the  workmen  became  more  expert  and  finished 
splices  required  only  6^2  hours,  of  which  50  minutes 
elapsed  in  welding  each  end  of  the  armor.  Fourteen 
splices  were  made  under  these  conditions. 
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HINTS  ON  CONCRETING  IN  COLD  WEATHER. 


Concrete  work  can  be  carried  on  successfully  in  cold 
weather.  All  that  is  necessary  is  to  heat  the  sand  and 
pebbles  or  broken  stone  and  mixing  water  so  that  the  con- 
crete mixture  will  have  a  certain  minimum  temperature, 
then  to  place  the  concrete  quickly  and  maintain  the  heat 
until  early  hardening  has  been  completed.  This  does  not 
mean  that  there  are  no  limitations  to  the  practicability  of 
doing  concrete  work  in  cold  weather,  but  that  if  a  few 
simple  precautions  and  protective  measures  are  used,  win- 
ter concrete  work  will  be  as  successful  as  that  done  in 
warm  weather. 

Many  contractors  have  found  their  working  season 
profitably  lengthened  by  using  these  precautions  and  pro- 
tective measures.  This  means  that  men  and  equipment 
can  be  kept  profitably  employed  almost  regardless  of  sea- 
son. In  this  way  the  contractor  can  keep  his  efficient 
organization  together.  The  resulting  advantages  are  far 
greater  than  the  seeming  disadvantages— principal  among 
which  is  that  applying  the  necessary  precautions  slightly 
increases  the  cost  of  cold  weather  work.  This,  however, 
is  usually  offset  by  the  builder's  willingness  to  pay  for 
the  privilege  of  having  the  use  of  his  building  or  struc- 
ture earlier  than  would  be  possible  if  work  were  post- 
poned until  warm  weather. 

REMEIVIBER  that  during  the  first  few  days  following 
the  placing  of  concrete,  alternate  freezing  and  thawing 
at  comparatively  short  intervals  will  damage  it. 

REMEMBER,  therefore,  that  it  is  necessary  to  so  mix, 
place  and  protect  the  concrete  that  early  hardening  will 
be  complete  before  the  work  is  exposed  to  freezing  tem- 
peratures. 

REMEMBER  that  to  do  this: 

(1)  Sand  and  pebbles  or  broken  stone  used  must  be 
free  from  frost  or  lumps  of  frozen  material. 

(2)  If  these  materials  contain  frost  or  frozen  lumps, 
thaw  them  out  before  using. 

(3)  As  cement  forms  but  a  relatively  small  bulk  of  the 
materials  in  any  batch  of  concrete,  it  need  not  be  heated. 

(4)  Mixing  water  should  always  be  heated. 

REMEMBER  that  although  adding  common  salt  to  mix- 
ing water  will  prevent  freezing  of  concrete  that  has  not 
hardened,  there  is  a  limit  to  the  quantity  of  salt  which 
may  be  added  if  the  final  strength  of  the  concrete  is  not 
to  be  affected.  Salt  simply  lowers  the  freezing  point  of 
the  mixing  water;  it  does  not  supply  what  is  most  needed 
— heat  and  warmth.  It  delays,  instead  of  hastens,  the 
hardening  of  the  concrete. 

REMEMBER  that  sand  and  pebbles  or  broken  stone  and 
mixing  water  must  be  heated  so  that  the  concrete  when 
placed  shall  have  a  temperature  of  from  75  to  80  degrees. 

REMEMBER  that  some  sands  are  injured  by  too  much 
heat.  The  same  applies  to  certain  varieties  of  pebbles 
and  broken  stone.  A  temperature  not  exceeding  150  de- 
grees Fahrenheit  will  generally  prove  most  satisfactory. 

REMEMBER  to  place  concrete  immediately  after  mix- 
ing so  that  none  of  the  heat  will  be  lost  before  placing 
in  the  forms. 

REMEMBER  to  warm  metal  forms  and  reinforcing  be- 
fore placing  concrete.  Be  careful  to  remove  ice  and  snow 
and  frozen  concrete  remaining  on  the  forms  from  preced- 
ing work.  Forms  can  be  warmed  by  turning  a  jet  of 
steam  against  them  or  by  wetting  with  hot  water. 

REMEMBER  that  even  though  materials  have  been 
heated  and  the  concrete  placed  immediately  after  mixing, 
it  will  lose  much  of  its  heat  if  not  protected  from  low 
temperatures. 

REMEMBER,  therefore,  to  protect  the  concrete  imme- 
diately after  placing.  Canvas  covering,  sheathing,  hous- 
ing-in  the  work,  or  hay  or  straw,  properly  applied  will 
furnish  the  required  protection  for  some  work.  In  addi- 
tion to  these  means,  small  oil  or  coke  burning  stoves  or 
salamanders  may  be  used  in  enclosed  structures. 

REMEMBER  that  temperatures  which  may  not  be  low 
enough  to  freeze  the  concrete  may,  nevertheless,  delay 
its  hardening  for  a  considerable  time.  Do  not  expect  con- 
crete placed  when  the  temperature  is  low  and  remains 

'n;itn    issued   liy    Pcrtlanfl   Cement   Association,   Chicago,    111. 
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low  for  some  time  afterward  to  be  safe  for  use  as  soon 
as  though  placed  during  warmer  weather. 

REMEMBER  that  if  concreting  is  unavoidably  delayed 
or  interrupted  the  work  should  be  covered  until  concret- 
ing is  again  begun. 

REMEMBER  to  cover  and  protect  any  sections  of  the 
work  as  soon  as  completed.  In  severe  cold  weather,  con- 
tinue this  protection  for  at  least  five  days. 

REMEMBER  that  forms  must  not  be  removed  from  the 
concrete  work  too  early.  This  applies  to  any  concrete 
work,  regardless  of  season,  but  is  particularly  important 
with  work  done  during  cold  weather. 

REMEMBER  that  frozen  concrete  sometimes  very  close- 
ly resembles  concrete  that  has  thoroughly  hardened. 
When  frozen  concrete  is  struck  with  a  hammer,  it  will 
often  ring  like  properly  hardened  concrete.  Before  re- 
moving forms,  examine  the  work  carefully  to  see  whether 
it  has  hardened  or  is  simply  frozen.  To  determine  this, 
remove  one  board  from  some  section  of  a  form,  pour  hot 
water  on  the  concrete  or  turn  the  flame  of  a  plumber's 
blow  torch  or  a  jet  of  steam  under  pressure  against  the 
concrete.  If  frozen,  the  heat  will  soften  the  concrete  by 
thawing  the  water  contained  in  it. 

REMEMBER  that  although  concrete  which  freezes  be- 
fore early  hardening  has  been  completed  may  not  be 
permanently  injured,  if  after  thawing  out  it  is  not  again 
exposed  to  freezing  until  hardened,  protecting  the  con- 
crete against  possibility  of  freezing  is  best. 

REMEMBER  to  write  to  the  Portland  Cement  Associa- 
tion, 111  West  Washington  street,  Chicago,  for  its  book- 
let, "How  to  Do  Concrete  Work  in  Cold  Weather." 


CONCRETE  EQUIVALENTS  FOR  STEEL  BEAMS. 

Contributed  by  3eo.  A.   Merrill,   Boston,   Mass. 

With  the  present  high  cost  of  structural  steel  an  archi- 
tect or  contractor  often  has  occasion  to  change  over  a 
layout  of  steel  beams  and  concrete  slabs  to  one  where  the 
steel  beams  are  eliminated  and  concrete  tee  beams  substi- 
tuted. 

The  following  table  is  offered  to  facilitate  the  work  of 
the  architect  in  calculations  and  to  aid  the  contractor  in 
making  up  on  estimate.  The  basis  of  the  table  is  the 
varying  resisting  moment  of  the  steel  beam  when  stressed 
up  to  16,000  pounds  per  sq.  inch.  Inasmuch  as  steel  beams 
must  be  figured  without  any  value  given  to  continuity, 
while  in  reinforced  concrete  design  this  principle  is  used, 
any  structural  steel  beam  will  have  three  concrete  equiva- 
lents, according  as  the  continuity  is  full,  partial,  or  nil. 

It  is  assumed  in  the  table  that  the  concrete  slab  is  four 
inches  thick,  and  that  the  equivalent  concrete  beam  is 
four  inches  deeper  than  the  steel  beam,  giving  the  same 
depth  over  all  as  the  steel  beam  when  fireproofed  two 
inches  under  the  bottom  flange. 
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An  example  of  one  steel  beam,  12  in.  x  31  Vs  ft.  worked 
out  in  detail  will  sufficiently  explain  the  table. 
12  in.  X  31 1/2  ft.    Resisting  moment  47,960  ft.  lbs. 
WL 

M R.  M.  =  47,960  ft.  lbs.    f.  =  650 

8 

WL 


M: 


10 
WL 


R.  M.  =  38,368  ft.  lbs.  f.  =  16,000 


M: 


R.  M.  =  31,973  ft.  lbs. 


12 
47,960  X   12 

16,000  X    %   X   14 

38,368  X   12 

16,000  X   %   X   14 


=2.94n  or  3.in  bars.  Bm.  10x16 


2.35  or  2.in  1%  Beam  10x16 


31,973  X   12 


=  1.96  or  2.in 


Beam    8x16 


16,000  X   %   X   14 
Maximum  and  shear  at  120  lbs.  per  sq.  in.  = 

10  X  14  X  T^  >    120  =  14,700  lbs.  or  W  =  29,400  lbs. 
29,400L 

47,960  =  or  L  =  13',  the  minimum  allowable 

8 
length  of  equivalents  10x16  beam. 

For  8x16  beam,  maximum  end  shear  =  8  X  14  X   '/g  X 
120  =  11,760  lbs.,  or  W2    23,520. 
23,520L 

31,973  = or  L  =  16.5'. 

12 
The  weight  of  reinforcement  per  linear  foot  of  beam  is 
obtained  by  adding  20  per  cent  to  weight  of  main  bars, 
to  cover  laps  and  stirrups. 

The  cubic  feet  of  concrete  per  linear  foot  of  beam; 
is  the  amount  of  concrete  below  bottom  of  four  inch  slab. 
The  column  of  forms  is  the  board  feet  of  length  per 
foot  of  beam,  taking  slab  as  four  inches  thick.  It  includes 
posts  and  braces  for  a  twelve-foot  story  height  with  posts 
three  feet  centers. 


MASTIC  FLOORING  FOR  INDUSTRIAL 
BUILDINGS. 

(Contributed.) 

The  widely  different  working  conditions  encountered  in 
modern  industrial  buildings  demand  a  flooring  material 
which  will  stand  up  under  all  kinds  of  service.  In  one 
instance,  the  floors  are  subjected  to  the  wear  and  tear 
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from  the  handling  of  machinery  and  heavy  trucking,  while 
in  the  other,  light  traffic,  either  foot  or  wheel,  is  the  only 
service  condition  encountered.  The  limitations  of  most 
floors  stop  their  general  use  in  meeting  such  widely  dif- 
ferent requirements  efficiently.  For  these  reasons,  a 
flooring  which  possesses  the  ability  to  meet  such  a  wide 
range  of  conditions  is  becoming  more  and  more  a  neces- 
sity and  will  undoubtedly  be  used  eventually  in  the  ma- 
jority of  industrial  plants  throughout  the  country. 

A  floor  made  up  of  a  mastic  of  hard  aggregate,  cemented 
together  with  bituminous  compounds,  is  proving  itself 
adaptable  for  practically  all  service  conditions  and  is  now 
being  specified  in  a  number  of  buildings  where  the  con- 
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cracks  nor  crevices  to  harbor  dust  or  moisture.  It  is 
ea.'^ily  cleaned  by  flushing  and  dries  quickly. 

J-M  Mastic  Flooring  is  easily  laid  and,  if  changes  in 
the  floor  surface  are  made  necessary,  it  is  easily  repaired. 
It  adds  very  little  to  the  dead  load,  as  the  standard  thick- 
ness of  1',  2  in.  weighs  only  18  lb.  to  the  square  foot  when 
applied.  This  thickness  is  suflkient  for  ordinary  truck- 
ing requirements,  but  can  be  varied  to  meet  conditions, 
from  1  in.,  where  the  requirements  are  very  light,  such 
as  foot  traffic,  to  3  in.  in  thickness  for  loading  docks 
where  the  requirements  are  correspondingly  severe. 

The  application  of  this  flooring  is  comparatively  simple 
and  it  can  be  laid  over  any  foundation  which  is  firm  and 


View   Showing    IVIethod   of   Applying    IVIastic   Flooring. 


ditions  are  as  already  outlined.  Probably  the  most  widely 
used  flooring  of  this  type  is  a  product  manufactured  by 
the  H.  W.  Johns-Manville  Co.,  known  as  J-M  Mastic 
Flooring,  and  which  is  meeting  with  great  success. 

This  floor  consists  of  a  selected  mineral  aggregate  of 
either  crushed  limestone,  granite  or  torpedo  gravel,  with 
particles  ranging  from  a  size  passing  a  Vi-in.  screen  down 
to  those  which  will  pass  a  200-mesh.  Trinidad  Lake 
asphalt,  combined  with  other  natural  asphalts,  forms  the 
cementing  base  of  this  floor. 

Success  with  this  type  of  floor  demands  a  careful  grad- 
ing of  the  aggregate  particles  and  their  intimate  mixture 
with  the  cementing  materials  in  a  manner  that  will  insure 
the  densest  possible  product  in  which  even  the  finest 
particles  are  thoroughly  coated  with  asphalt.  To  insure 
that  this  will  be  properly  done  in  the  J-M  floor,  the  aggre- 
gate passing  a  60-screen  are  combined  with  the  asphalt  at 
the  plant  rather  than  at  the  site  of  the  work.  They  are 
heated  and  mechanically  agitated  for  a  period  of  six  to 
seven  hours  and  then  molded  into  blocks  of  convenient 
size  for  shipment. 

On  the  work  these  blocks  are  broken  up  and  reheated  to  a 
temperature  of  450  deg.  F.,  and  mixed  with  a  coarse  aggre- 
gate, using  a  pure  asphalt  flux.  The  resulting  softened 
mass  is  transported  to  the  work  in  oak  buckets  or  iron 
wheel-barrows  and  is  laid  down  in  one  or  two  courses  de- 
pending upon  the  required  thickness  and  troweled  to  the 
desired  surface. 

This  floor  can  be  made  in  any  consistency  between  e.x- 
treme  hardness  and  softness  and  while  it  is  always  dense, 
it  possesses  a  certain  amount  of  resiliency  which  greatly 
adds  to  the  comfort  of  those  who  work  and  walk  on  it. 

It  is  found  that  this  flooring  is  very  sanitary  on  account 
of  its   one-piece  monolithic   surface,   which   has   neither 


stable,  such  as  wood,  brick,  concrete  or  tile  already   in 
place. 


$100  IN  PRIZES  FOR  ENGINEERS'  PAPERS, 
t 

The  Engineers'  Subdivision  of  the  Chicago  Association 
of  Commerce  has  ofllered  three  cash  prizes — $50,  $30  and 
|20 — for  the  three  best  papers,  not  to  exceed  3,000  words, 
on  any  one  of  the  following  subjects: 

(Ij   "Engineering  and  Civic  Progress." 

(2)  "The  Engineer  of  the  Future." 

(3)  "The  Business  Relation  of  the  Engineer  to  the  Com- 
mercial World." 

The  contest  is  open  to  undergraduates  and  graduates  of 
any  recognized  school  of  engineering  in  the  United  States 
during  the  years  1915  and  1916. 

Relationship  of  the  engineer  and  of  engineering  to  the 
business  and  professional  world;  how  best  to  realize  the 
conceived  ideal  of  engineering,  concrete  examples  illustra- 
tive of  the  true  significance  of  engineering,  such  as  a 
brief  prospectus  of  a  proposed  work  or  a  short,  crisp, 
readable  news  article  on  a  piece  of  engineering  construc- 
tion— these  are  suggested  lines  for  development. 

The  judges  of  the  relative  merits  of  the  papers  will  be 
F.  H.  Newell,  professor  of  civil  engineering.  University  of 
Illinois;  John  W.  Alvord,  consulting  engineer,  Chicago, 
and  John  F.  Hayford,  director,  College  of  Engineering, 
Northwestern  University. 

All  papers  should  be  mailed  to  Engineers'  Subdivision 
Contest,  The  Chicago  Association  of  Commerce,  10  South 
La  Salle  street,  Chicago,  and  must  be  received  not  later 
than  Nov.  1,  1916. 
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AN     INVESTIGATION     OF     COMPOSITION 
FLOORING.* 

In  1867  Sorel  found  that  a  very  hard  material  might  be 
produced  by  mixing  magnesia  and  a  solution  of  magne- 
sium chloride  and  then  allowing  the  mixture  to  stand  for 
some  time.  During  the  past  25  years  Sorel  cement  has 
been  extensively  employed  with  success  as  a  cementing 
material  for  so-called  "composition  flooring."  According 
to  European  practice,  the  magnesia,  mixed  with  various 
"fillers,"  such  as  sawdust,  sand,  terra  alba,  infusorial 
earth  or  asbestos,  and  colored  with  different  inorganic 
colors,  is  made  into  a  "mortar"  by  the  addition  of  a  solu- 
tion of  magnesium  chloride;  the  material  is  then  applied 
to  the  floor  and  leveled,  and,  after  standing  several  hours, 
it  is  carefully  troweled.  After  8  or  10  hours  the  cement 
sets  and  the  surface  of  the  flooring  is  then  usually  treated 
with  a  coat  of  oil,  after  which  the  composition  is  ready 
for  use. 

The  composition  is  usually  applied  in  two  coats:  an  un- 
der fibrous  coat,  about  5/16  in.  thick,  and  an  upper  coat 
containing  less  fiber,  from  5/16  to  %  in.  thick.  The  under 
fibrous  coat  imparts  elasticity  to  the  material  and  renders 
the  floor  noiseless  and  pleasant  to  the  tread;  In  fact,  this 
composition  does  not  give  rise  to  the  fatigue  experienced 
from  the  use  of  stone,  cement,  terrazzo  or  other  hard  floors. 
Furthermore,  even  when  troweled  to  a  very  smooth  sur- 
face, this  composition  does  not  produce  a  slippery  floor. 
These  advantages,  along  with  the  facts  that  the  composi- 
tion costs  less  than  tile,  marble,  etc.,  and  that  it  will  out- 
wear eight  or  ten  applications  of  linoleum,  have  made  it 
a  very  popular  floor  material  in  Europe,  especially  in  Ger- 
many and  England. 

Composition  flooring  of  the  general  type  described  above 
was  introduced  into  the  United  States  a  short  time  after 
it  came  into  favor  abroad.  American  manufacturers  have, 
however,  experienced  considerable  difficulty  in  the  use  of 
Sorel  cement.  Some  have  attributed  this  to  the  differences 
in  the  climatic  conditions  of  Europe  and  America,  the 
contention  being  that  the  sudden  changes  of  temperature 
encountered  in  the  United  States  are  not  experienced 
abroad,  particularly  in  England  and  Germany.  Others 
have  expressed  the  opinion  that  the  principal  cause  of  the 
failure  in  this  country  is  attributable  to  the  mixtures  em- 
ployed: the  assertion  has  been  made  that  the  mixtures 
in  use  here  have  been  neither  scientificallj'  nor  even  care- 
fully prepared.  Inasmuch  as  many  of  the  floors  examined 
by  the  author  are  as  perfect  as  could  be  desired,  he  is 
inclined  to  favor  the  latter  explanation.  If  the  trouble  is 
due  to  the  sudden  climatic  changes,  why  should  one  floor 
be  affected  and  not  another  in  the  same  locality? 

In  1911  in  New  York  City  alone  there  were  at  least  20 
firms  engaged  in  the  composition-flooring  business,  and 
the  competition  was  very  keen  indeed.  All  of  the  com- 
panies were  cutting  prices  in  order  to  secure  business  and 
many  of  the  firms  were  putting  down  the  cheapest  mix- 
tures which  they  could  conceive.  In  fact,  everything  pos- 
sible was  being  done  to  minimize  the  cost  of  the  product, 
without  much  regard  for  the  requirements  of  a  correctly 
made  mixture.  The  components  of  the  mixtures  were 
weighed  and  mixed  by  ordinary  laborers,  so  that  it  was 
quite  impossible  for  the  mixtures  to  be  of  a  definite  con- 
sistent composition.  Consequently,  all  of  the  manufac- 
turers were  experiencing  decided  trouble  with  their  floors. 
To  illustrate,  the  color  frequently  "went  bad";  some  floors 
would  crack  or  bulge,  and  at  no  time  could  they  be  as- 
sured of  a  satisfactory  floor.  As  a  result,  many  floors 
had  to  be  relaid.  Then,  too,  the  cost  of  magnesite  was 
constantly  increasing,  labor  costs  were  high,  and  the  sell- 
ing price  was  so  low  that  it  was  impossible  to  make  a 
reasonable  profit  out  of  the  business. 

At  the  time  of  this  investigation,  the  red  mixture  in 


ENGINEERING 
AND      CONTRACTING 

use  by  the  donors  of  the  Hydrolith  Fellowshipt  was  sup- 
posed to  contain: 


Saw- 

Red 

Terra 

Infusoria 

inKiedients:  Magnesite. 

dust. 

color. 

Clay. 

alba. 

earth. 

Percent.iges    ...     50 

y 

10 

11 

10 

10 

Some  very  good  floors  were  made  from  this  composition 
and  again  some  could  not  have  been  worse.  In  some  cases 
the  floors  expanded,  while  in  other  cases  they  contracted 
and  cracked  badly.  Then,  in  certain  of  the  floors,  the 
color  faded  decidedly,  so  that  in  a  short  time  the  appear- 
ance became  very  unattractive. 

The  investigation  conducted  by  the  author  at  the  Mellon 
Institute  of  Industrial  Research  included  overcoming  the 
change  in  color,  obviating  the  expansion  and  contraction, 
and  reducing  the  cost  in  any  legitimate  way. 

The  first  experiments  carried  out  were  for  the  deter- 
mination of  the  correct  amount  of  magnesite  and  magne- 
sium chloride  to  be  used,  the  eff'ect  of  diff'erent  fillers,  and 
the  results  of  working  samples  in  various  ways.  Red 
colored  mi.xtures  were  used  in  this  series,  which  consisted 
of  1,000  samples.  All  of  the  materials  entering  into  the 
compositions  were  carefully  weighed,  made  up  into  500- 
gram  samples  and  thoroughly  mixed  before  the  addition  of 
the  magnesium  chloride  solution,  the  strength  and  amount 
of  which  were  also  very  accurately  determined. 

The  results  of  this  series  of  experiments  showed  that 
with  the  fillers  employed  it  was  necessary  to  have  present 
not  less  than  8  or  9  per  cent  of  magnesium  chloride  and 
from  20  to  30  per  cent  of  commercial  magnesia.  When 
an  extremely  hard  and  durable  flooring  composition  was 
desired,  still  larger  amounts  were  required.  In  samples 
where  more  than  1  part  of  magnesium  chloride  was  em- 
ployed to  3  parts  of  magnesia,  there  was  always  a  tend- 
ency for  the  excess  of  magnesium  chloride  to  come  to 
the  surface. 

In  a  number  of  experiments,  terra  alba  was  the  only 
filler  employed  with  the  exception  of  sawdust;  in  others 
infusorial  earth  was  used,  while  in  still  others  clay  was 
the  only  filler  besides  sawdust.  These  tests  were  carried 
out  in  parallel,  i.  e.,  each  day  samples  were  made  contain- 
ing the  same  percentage  of  magnesium  chloride  and  mag- 
nesite with  the  same  percentage  of  each  of  the  different 
fillers.  This  was  done  for  the  purpose  of  studying  the 
relative  effect  of  each  filler  and  to  ascertain  whether  all 
acted  in  the  same  manner.  The  only  noticeable  differences 
were  in  the  samples  in  which  clay  and  infusorial  earth 
were  employed.  Since  these  substances  are  lighter  than 
terra  alba,  it  was  found  that  the  samples  covered  more 
space  than  those  in  which  terra  alba  alone  was  used.  It 
was  also  learned  that,  on  account  of  the  greater  bulk  of 
these  substances,  they  hardened  more  slowly  and  invaria- 
bly gave  less  hard  samples  than  those  in  which  terra  alba 
alone  was  employed.  The  terra  alba  samples  hardened 
first,  those  containing  infusorial  earth  next,  and  the  ones 
with  clay  last.  Clay  quite  appreciably  retarded  the  set- 
tling of  the  cement. 

Determinations  were  made  of  the  least  amount  of  color 
which  could  be  used  to  obtain  the  desired  shade.  Varying 
amounts  of  Venetian  red  were  employed,  and  it  was  ascer- 
tained that  10  to  12  per  cent  were  necessary.  Determina- 
tions were  also  made  of  the  greatest  amount  of  sawdust 
which  could  be  used  to  obtain  a  floor  which  would  not  be 
liable  to  expand  or  contract  and  would  yet  be  of  sufficient 
hardness.  It  was  found  that  samples  containing  6  to  8 
per  cent  of  sawdust  were  very  hard  and  did  not  impart 
the  proper  resistance  or  elasticity  to  the  floor;  but  that 
samples  with  10  to  12  per  cent,  according  to  the  other 
fillers  used,  were  very  satisfactory.  Samples  containing 
a  higher  percentage  of  sawdust  hardened  very  slowly  and 
those  with  from  16  to  20  per  cent  of  this  material  were 
always  quite  soft  after  drying.  It  was  found,  however, 
that  this  large  amount  of  sawdust  could  be  used  with 
advantage  in  the  under  fibrous  coat. 

Following  the  completion  of  this  preliminary  work,  the 
author  superintended  the  laying  of  a  floor  of  550  sq.  ft., 


•From  a  paper  by  R.  E.  Shively,  presented  at  the  srpring  meeting  of 
the  American  Chemical  Society. 


tindustrial  Fellowship  No.  2  at  Mellon  Institute  of  Industrial  Re- 
search of  the  University  of  Pittsburgh.  The  matter  in  this  article 
represents  the  result  of  .a  part  of  the  work  done  during  Mr.  Shively's 
Tenure  of  this  fellowsliip. 


September   2  7,  1916 
Vol.    XLVI.      No.    13 

following  the  formula  which  had  given  the  best  results  in 
the  laboratory  experiments,  the  composition  being: 

Magnesium    Mag-  Red  Terra 

Ingredients:            chloride.       nesia.     Sawdust.       color.         Clay.  alba. 

Percentages    10  40  10  12  20  8 

The  materials  were  carefully  weighed  and  thoroughly 
mixed,  the  dry  mixture  was  then  incorporated  with  the 
calculated  amount  of  magnesium  chloride  solution  and 
water  was  added  until  the  proper  consistency  was  at- 
tained. The  mixing  was  continued  until  all  lumps  had  dis- 
appeared and  the  mixture  was  then  applied  over  metallic 
laths.  It  hardened  slowly,  but,  when  hard,  it  gave  a  per- 
fect floor  which  exhibited  no  physical  changes  after  the 
expiration  of  6  months. 

A  second  series  of  experiments  was  taken  up  in  order 
to  determine  the  effect  of  different  fillers  upon  the  hard- 
ness, color  and  surface  of  the  floor  and  the  effect  of  vari- 
ous combinations  of  fillers.  It  was  thought  that  such  an 
investigation  would  supply  information  which  would  en- 
able one  to  select  the  materials  giving  best  results,  and 
that  if  there  was  no  difference  in  the  results  obtained  by 
the  employment  of  various  fillers,  the  cheapest  thereof 
could  be  selected. 

It  was  found  that  in  samples  containing  small  percent- 
ages of  magnesium  chloride  and  oxide,  the  hardening  oc- 
curred much  more  slowly  than  when  a  greater  percentage 
of  the  actual  cementing  material  was  used.  In  samples 
containing  high  percentages  of  terra  alba,  infusorial  earth 
or  clay,  the  difference  in  the  time  of  setting  was  quite 
noticeable:  without  exception,  the  samples  containing 
terra  alba  hardened  first,  those  containing  infusorial  earth 
next,  and  those  filled  with  clay  last.  In  samples  with 
higher  percentages  of  cement,  this  difference  was  not  so 
pronounced,  but  still  it  could  be  observed.  In  all  experi- 
ments wherein  these  ingredients  were  added  as  the  only 
mineral  filler,  the  terra  alba  samples  were  hardest,  and 
there  was  little,  if  any,  difference  between  the  clay  and 
the  infusorial  earth  samples.  It  is,  of  course,  a  question 
as  to  whether  this  hardness  will  cause  a  floor  to  wear 
longer  than  a  floor  with  more  resilience  which  gives, 
rather  than  wears.  If,  however,  such  hardness  is  desir- 
able, it  can  be  attained  by  using  greater  percentages  of 
cement  with  the  clay  and  infusorial  earth.  In  none  of  the 
samples  could  any  apparent  objection  be  found  to  any  of 
the  fillers  in  reference  to  their  effect  on  the  surface.  All 
samples,  whether  containing  but  one  filler  or  all  three, 
appeared  to  give  the  same  finish.  It  was  found,  however, 
that  when  the  samples  contained  a  large  percentage  of 
clay  or  infusorial  earth,  it  was  necessary  to  use  more 
color. 

Regarding  the  amount  of  magnesite  and  magnesium 
chloride  necessary;  the  results  of  this  series  of  experi- 
ments showed  clearly  that  never  more  than  40  per  cent 
of  magnesite  or  12  per  cent  of  magnesium  chloride  could  be 
employed.  In  tests  where  more  than  these  percentages 
were  used,  a  very  hard  floor  was  obtained,  whereas  the 
smaller  amount  gave  a  suflUciently  hard  composition.  The 
only  samples  in  this  series  of  experiments  which  showed 
a  tendency  to  develop  physical  defects  were  those  which 
contained  high  percentages  of  magnesite  and  magnesium 
chloride.  In  every  case  where  the  percentage  of  magnesi- 
um chloride  was  more  than  one-third  that  of  the  magne- 
site, there  was  a  tendency  for  the  excess  chloride  to  come 
to  the  surface. 

In  a  third  series  of  experiments  an  effort  was  made  to 
study  the  relation  of  the  mass  of  composition  to  the  vol- 
ume of  magnesium  chloride  solution  sufficient  to  make  a 
mixture  of  the  proper  consistency  for  laying.  This  was 
considered  important,  since,  in  preparing  the  mixture,  the 
workmen  invariabU'  used  a  sufficient  amount  of  magnesi- 
um chloride  solution  of  a  certain  degree  Baume  regardless 
of  the  actual  magnesium  chloride  contained  therein.  For 
example,  it  was  customary  to  use  a  21°  B.  solution  in  sum- 
mer and  an  18°  B.  solution  in  winter.  Accordingly,  solu- 
tions of  these  strengths  were  used  in  the  experiments.  The 
solid  constituents  of  the  mi.xture  were  made  up  of  250 
gram  and  to  these  samples  enough  magnesium  chloride 
solution  was  added  to  obtain  the  proper  consistency  for 
laying.    From  the  amount  of  solution  required,  the  actual 
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weight  of  the  magnesium  chloride  used  was  calculated, 
and  from  this  the  percentage  of  magnesium  chloride  in 
the  finished  product  was  computed. 

The  average  amount  of  magnesium  chloride  solution 
required  for  32  samples  of  this  composition  was  178  cc. 
with  a  maximum  of  225  cc.  and  a  minimum  of  160  cc. 
The  average  amount  of  magnesium  chloride  added  in  per 
cent  was  11.1  for  the  18'  B.  solution  and  1.3.3  for  the  21" 
B.  solution.  The  maximum  percentage  required  for  the 
18'  B.  solution  was  13.8  and  the  minimum  10.2.  It*was 
found  that  mTxtures  containing  a  large  amount  of  clay  or 
sawdust  required  enough  of  the  magnesium  chloride  solu- 
tion in  mixing  to  bring  the  percentage  of  magnesium 
chloride  above  the  1:3  limit;  in  such  samples  it  was  found 
that  there  was  always  a  tendency  of  the  floor  to  warp  on 
standing. 

These  experiments  demonstrated  that,  in  order  to  obtain 
the  best  results,  the  strength  of  the  magnesium  chloride 
solution  should  be  known  and  just  sufficient  of  it  should 
be  added  to  secure  the  correct  percentage  of  magnesium 
chloride  with  enough  additional  water  to  obtain  the  proper 
consistency. 

In  connection  with  the  third  series  of  experiments,  slate 
was  used  as  the  coloring  material,  but  it  was  found  to 
give  very  uncertain  results.  Talc  was  also  tried  as  a  filler 
and  it  was  found  that,  when  used  in  moderate  amounts, 
it  aided  greatly  in  giving  the  floor  a  luster  when  properly 
troweled;  moreover,  the  tests  showed  that  it  slightly  de- 
creased the  absorption  of  the  material.  When  too  much 
talc  is  used,  however,  it  constantly  comes  to  the  surface, 
especially  after  the  sample  is  washed  and  allowed  to  dry 
slowly.  Some  experiments  which  were  made  to  determine 
the  largest  amount  of  sawdust  that  could  be  used  showed 
that  the  greatest  that  could  be  safely  and  successfully  em- 
ployed was  15  per  cent.  In  these  samples,  it  was  neces- 
sary not  to  have  an  excess  of  magnesium  chloride,  for  bad 
warping  occurred  when  too  much  was  used.  Sand  was 
also  experimented  with  as  a  filler  and  it  was  found  that  a 
very  hard  composition  resulted  with  a  large  percentage  of 
sand.  While  it  is  difficult  to  obtain  sand  of  such  fineness 
as  to  permit  of  the  production  of  a  very  smooth  surface,  it 
aids  in  producing  a  hard,  durable  floor. 

The  results  of  ten  other  experimental  series  may  be 
briefly  noted.  Efforts  to  find  a  substitute  for  Venetian  red 
established  the  fact  that  while  hematite  of  desired  color 
would  cost,  when  using  25  per  cent  of  color,  at  least  two- 
thirds  as  much  as  Venetian  red,  the  color  obtained  was 
one  that  did  not  meet  with  general  approval  and  twice  as 
much  was  required  to  produce  the  same  color  intensity  as 
that  imparted  by  the  prepared  color.  In  connection  with 
reducing  the  cost  of  the  color,  about  30  samples  were  made 
in  which  aniline  dyes  were  used:  none  of  these  retained 
their  color  for  any  length  of  time. 

In  one  series  in  which  varying  amount  of  sawdust  and 
asbestos  were  used,  it  was  found  that  when  used  in  too 
great  quantities,  asbestos  interfered  somewhat  with  the 
troweling;  the  results  obtained  indicated  that  not  more 
than  5  per  cent  of  asbestos  should  be  employed,  since 
greater  amounts  interfered  with  the  production  of  a  good 
surface. 

A  series  of  experiments  was  carried  out  for  the  pur- 
pose of  studying  the  eft'ect  of  adding  oil  to  the  composi- 
tion and  then  comparing  the  absorption  of  samples  made 
from  different  fillers.  The  samples  were  all  made  on  the 
same  day  and  an  attempt  was  made  to  trowel  each  sample 
in  the  same  manner.  In  the  samples  in  which  oil  was 
used,  the  oil  was  thoroughly  mixed  therewith,  and  then 
these  samples  were  brought  to  the  proper  consistency  by 
the  use  of  a  calculated  amount  of  concentrated  magne- 
sium chloride  solution  and  water.  The  samples  were  al- 
lowed to  stand  one  week  and  then  a  part  of  each  sample 
was  used  for  an  absorption  test.  The  samples  were 
weighed,  immersed  in  water  for  24  hours,  and  reweighed. 
These  samples  were  then  placed  aside  for  4  minutes, 
weighed,  immersed  in  water,  and  then  reweighed.  The 
absorption  was  not  proportional  to  the  amount  of  oil  used, 
but,  after  the  samples  had  stood  for  some  time,  they  all 
absorbed  more  water,  with  the  exception  of  those  in  which 
lin.'^eed  oil  was  used.    These  showed  no  indication  of  oil 
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on  the  surface,  while  those  in  which  hard  mineral  oil  was 
used  possessed  an  oily  appearance.  The  results  indicated 
that  the  magnesium  linoleate  acted  as  a  binder  between 
the  particles,  thus  lowering  the  absorption.  The  samples 
in  which  a  small  amount  of  oil  was  used  were  sufficiently 
hard;  but,  when  a  large  amount  of  oil  was  employed,  sev- 
eral months  of  standing  were  necessary  for  the  samples 
to  become  satisfactory  in  this  respect.  The  samples  with- 
out oil  faded  badly  after  the  absorption  test,  while  little 
change  could  be  observed  in  the  color  of  the  samples 
which  contained  oil.  Invariably,  the  samples  containing 
oil. set  more  slowly. 

Experiments  were  conducted  with  the  object  of  reducing 
the  cost  of  the  composition  by  employing  other  materials 
with  reduced  amounts  of  magnesite.  Portland  cement- 
magnesite  mi.xtures  had  a  bad  color,  absorbed  a  large 
amount  of  water  and  shrank  on  drying;  in  general,  they 
resembled  more  closely  the  cement  than  the  composition 
floors.  Plaster  of  Paris  gave  compositions  which  dusted 
badly,  lacked  hardness,  and  set  too  quickly.  Likewise, 
gypsum  which  had  been  heated  to  400°  C.  gave  samples 
which  set  too  quickly  and  were  no  harder  than  the  sam- 
ples made  from  jirdinary  plaster  of  Paris.  Samples  pre- 
pared with  the  addition  of  cement  made  of  molecular 
quantities  of  magnesia,  magnesium  sulfate  and  plaster  of 
Paris,  said  to  form  a  white,  quick-setting  strong  cement, 
also  set  quite  quickly  and  were  very  hard,  but  the  ma- 
terial rubbed  off  easily. 

In  the  effort  to  find  the  material  which  would  be  a 
suitable  binder  for  fillers  or  one  that  could  well  be  used 
as  a  surface  material,  a  number  of  experiments  were 
made  with  asphalt,  "Redmanite,"  gelatin-glycerol  mix- 
tures, "Galalith,"  viscose  and  vegetable  resins.  No  re- 
sults of  commercial  importance  were  obtained. 

Finally,  it  may  be  mentioned  that  in  1912  a  section  of 
a  floor,  12  ft.  by  16  ft.,  was  laid  in  a  factory  room  which 
was  in  constant  use;  this  floor  was  put  down  in  the  cen- 
ter of  the  room  and  was  subjected  to  a  great  deal  of  wear. 
It  was  scrubbed  every  day  with  alkaline  cleansing  ma- 
terial and  hot  water.  At  the  end  of  7  months  the  floor  was 
reported  to  be  entirely  set  and  as  good  as  terrazzo. 
Further  experience  warranted  the  conclusion  that  the 
flooring,  the  composition  of  which  was  identical  with  that 
laid  in  1911,  noted  above,  was  more  desirable  than  a  floor 
constructed  from  a  hard,  nonpliable,  highly  conductive 
substance  like  terrazzo. 

The  successful  working  of  composition  flooring  of  the 
type  considered  does  not  depend  entirely  upon  the  chem- 
ical composition,  but  also  upon  the  mechanical  manipula- 
tion. The  exercise  of  constant  care  is  necessary  in  lay- 
ing the  floor  and  consequently  only  skilled  workmen 
should  be  employed  in  practice;  in  particular,  composition 
flooring  should  not  be  over-troweled,  and  the  necessary 
precautions  should  always  be  taken  in  laying  floors  over 
surfaces  which  are  subjected  to  heat.  The  composition 
should  be  dependent  upon  the  uses  to  which  the  floor  is 
to  be  put;  but  a  formula  is  given  which,  when  suitably 
modified  along  the  lines  indicated  and  expertly  used,  will 
comply  with  the  conditions  usually  encountered  in  prac- 
tice. 


SHRINKAGE  OF  WOOD  BLOCK  SHOP  FLOORS. 

Two  recent  instances  of  shrinkage  of  wood  blocks  in 
shop  floors  of  the  U.  S.  Navy  Department  have  been  partly 
remedied  by  pouring  the  joints  with  paving  pitch.  In  the 
September  Public  Works  of  the  Navy,  Mr.  E.  R.  Gayler, 
Civil  Engineer,  states  that  the  paving  pitch  had  the  effect 
of  holding  the  blocks  in  shape/for  ordinary  conditions  of 
traffic  but  where  heavy  loads  were  left  in  place  for  con- 
siderable periods  of  time  the  blocks  gradually  tilted  and 
sunk  out  of  place  and  then  did  not  return  to  place  after 
the  removal  of  the  loads,  thus  leaving  the  surface  of  the 
floor  in  an  uneven  condition.  Mr.  Gayler  states  that  re- 
cent practice  has  been  to  use  blocks  2%  in.  deep  for  in- 
terior work  where  the  ordinary  depths  for.  exterior  work 
is  4  to  5' 2  in.,  and  it  is  probable  that  the  shallowness  of 
the  blocks  used  indoors  had  considerable  bearing  on  their 
not  maintaining  a  true  surface. 
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At  the  Washington  Navy  Yard  two  small  experimental 
sections  were  laid,  one  in  which  the  blocks  were  bedded 
in  1-2  cement  mortar  and  the  joints  poured  with  grout, 
and  the  other  in  which  the  concrete  subbase  was  screeded 
true  and  coated  with  hot  paving  pitch  and  the  blocks  laid 
on  the  pitch  without  the  use  of  a  sand  cushion,  the 
joints  being  subsequently  poured  with  paving  pitch.  Both 
of  these  experimental  sections  were  very  successful  and 
of  the  two  the  latter  form  of  construction  appears  to  be, 
in  general,  the  more  desirable.  It  was  found  that  with 
the  shallow  blocks  there  was  no  necessity  for  providing 
a  cushion  in  so  far  as  any  irregularities  in  the  depth  of 
the  blocks  was  concerned,  as  the  depth  of  the  blocks  as 
furnished  was  quite  uniform  and  might  ordinarly  be  ex- 
pected to  be  so. 


FLEXIBLE  MAT  SYSTEM  OF  CENTERING. 

In  building  the  East  Side  High  School  in  Cincinnati.  0., 
the  contractors.  The  Ferro  Concrete  Construction  Co.,  of 
Cincinnati,  have  succeeded  in  decreasing  the  cost  of  the 
formwork  in  a  number  of  very  ingenious  ways.  Among 
the  new  features  of  its  methods  is  a  new  system  for  cen- 
tering invented  by  one  of  its  superintendents,  Mr.  Hodges. 
It  consists  of  a  series  of  flexible  mats,  formed  of  wide 
slabs  about  Al^  ft.  long,  spaced  a  short  distance  apart  and 
fastened   together   by  two   flat,    flexible   chains   or   wires 


Flexible    Mats   for   Centering. 

tacked  to  each  rib  about  a  foot  from  each  end.  The  ac- 
companying illustration  shows  some  of  these  mats  being 
made  on  the  job,  and  also  a  number  of  mats  already  con- 
structed, rolled  up  and  stacked  in  piles. 

In  using  these  mats,  they  are  laid  out  on  stringers 
placed  about  4  ft.  on  centers,  these  stringers  being  shored 
up  in  the  usual  manner.  Over  the  mats  are  placed  sheets 
of  No.  26  gauge  galvanized  iron  "decking."  This  is  tacked 
directly  to  the  mats  with  small  carpet  tacks  suflScient  to 
hold  it  in  place  until  the  concrete  is  poured. 

The  advantage  of  this  system  lies,  of  course,  in  the  abil- 
ity to  use  these  same  materials  over  and  over  again.  This 
means  a  big  saving  in  lumber.  There  is  also  another  ad- 
vantage, that  of  a  considerable  saving  in  carpenters'  time 
for  building  special  forms.  The  mats  are  easily  made  and 
can  usually  be  so  lapped  that  very  few  special  mats  or 
formwork  is  required.  The  sheet  metal  seldom  has  to  be 
cut  and  can  usually  be  lapped  as  desired.  After  using, 
this  metal  is  put  through  an  ordinary  hand  roller  to 
straighten  out  the  bends  and  kinks.  Likewise,  the  string- 
ers do  not  have  to  be  changed  in  length  for  different  jobs, 
as  they  can  usually  be  laid  parallel  to  the  beams  in  long 
lengths  and  lapped. 
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THE  ECONOMIC  DESIGN  OF  PILE  FOUNDA- 
TIONS. 


?oiitriljuted  by  Charles  E.  Anderson, 


Liberty  Street,  New  York  City. 


Viewed  from  a  standpoint  of  economy  and  efficiency  in 
design,  the  subject  of  pile  foundations  is  one  which  the 
authors  seem  to  have  passed  over  with  but  slight  notice, 
very  little  of  value  having  been  written  in  this  regard, 
and  that  little  here  and  there  in  disjointed  reference. 
There  is  much  to  be  said,  however,  as  to  the  methods  to 
be  employed  in  this  class  of  design.  While  the  methods 
to  be  used  bear  a  close  relation  to  ordinary  spread  foun- 
dation design,  yet  closer  study  reveals  the  fact  that  much 
money  is  buried  in  pile  foundations,  which  intelligent  de- 
sign would  have  left  in  the  bank.  The  average  architect 
especially,  and  also  the  engineer  to  a  large  extent,  has 
neither  the  time  nor  the  inclination  to  thoroughly  study 
out  the  best  methods  in  a  part  of  the  design  which  is,  to 
be  sure,  usually  but  a  small  part  of  the  contract.  On  the 
other  hand  an  understanding  of  the  best  methods  can  not 
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be  had  by  any  means  as  readily  from  reference  books  as 
can  those  connected  with  steel  design.  An  engineer's 
training  fits  him  to  be  able  to  study  out  methods  when  he 
comes  in  contact  with  a  new  proposition.  In  this  he  is 
usually  aided  by  the  text-books.  As  far  as  the  writer 
knows,  however,  there  is  no  author  who  has  treated  pile 
foundations  at  all  exhaustively.  The  most  that  the  books 
do  is  to  discuss  the  bearing  power  of  various  piles,  give  a 
few  formulas  and  speak  of  getting  the  moments  and  de- 
signing your  footing  as  a  reinforced  concrete  beam.  This 
sounds  very  simple,  but  to  do  it  quickly,  intelligently,  or 
what  is  more,  economically  on  a  large  job,  is  not  so  easy  as 
it  appears,  especially  to  the  engineer  who  does  this  kind 
of  work  only  occasionally.  There  is  nothing  difficult  nor 
complicated  about  the  theory.  It  is  only  the  boiling  down 
of  the  methods,  and  putting  them  in  workable  form  which 
presents,  not  particularly  a  difficulty,  but  a  problem  whose 
elements  are  time  and  practice. 

The  following  is  an  attempt,  not  by  any  means  complete, 
to  present  some  data  on  the  subject,  based  upon  practical 
work,  the  developed  result  of  experience  on  many  foun- 
dations. An  attempt  is  made  to  reduce  the  formulas  to  the 
simplest  form  for  use  with  the  slifle  rule.     Unnecessary 


refinement  is  eliminated  and  the  work  treated  from  a 
thoroughly  practical  viewpoint,  that  of  the  engineering- 
contractor  who  knows  enough  about  his  subject  to  .submit 
an  alternative  plan,  which  must  fill  the  bill  from  an  engi- 
neering point  of  view,  as  well  as  be  the  acme  of  economy. 

Perhaps  the  simplest  case  is  the  support  of  an  ordinary 
foundation  wall.  A  common  practice  would  be  to  place 
viood  piles  about  three  feet  on  centers  under  the  wall, 
with  a  footing  wide  enough  to  cover  the  pile  tops,  carrying 
the  foundation  wall  down  far  enough  to  keep  the  piles 
under  water  to  prevent  decay.  It  is  quite  likely  that  the 
piles  will  carry  more  than  the  load  which  rests  upon  them, 
as  wood  piles  may  be  loaded  up  to  twenty  tons,  according 
to  the  N.  Y.  Building  Code.  If  the  excavation  required  to 
reach  permanent  ground  water  level  is  considerable,  con- 
crete piles  may  be  used,  since  they  will  last  in  dry  ground, 
and  may  be  driven  from  the  surface,  requiring  very  little 
excavation.  Assuming  that  concrete  piles  are  to  be  used, 
with  an  allowable  load  of  30  tons  each,  the  problem  re- 
solves itself  into  the  determination  of  how  many  piles  are 
actually  reciuired  to  carry  the  load,  grouping  them  in  foot- 
ings, and  designing  the  foundation  wall  as  a  beam,  strong 
enough  to  carry  the  wall  load  between  footings. 

Before  taking  an  actual  example,  it  would  be  profitable 
to  discuss  the  formulas  to  be  used  in  the  design,  putting 
them  into  practical  shape  for  rapid  design  with  the  slide 
rule. 

The  fundamental  formula  in  the  design  of  a  reinforced 
concret>e  beam,  as  recommended  by  the  Joint  Committee, 
M 

is  bd'  = ,  in  which  b  is  the  breadth  of  beam,  d  its 

f'PJ 
depth.  M  the  bending  moment  in  inch  pounds,  f-  the  allow- 
able steel  stress  per  square  inch,  p  the  percentage  of  steel 
to  area  of  beam  section,  jd  the  resisting  arm. 

It  is  customary  to  use  an  allowable  steel  stress  of  16,000 
pounds  per  square  inch,  and  an  allowable  compressive 
stress  in  the  concrete  of  650  pounds,  for  1 :2 :4  concrete,  the 
ratio  of  the  moduli  of  elasticity  of  the  two  being  n  =  15. 
The  economic  ratio  of  steel  for  1 :2:4  concrete  is  .0077.  For 
nearly  all  practical  work  j  may  be  taken  as  '*.  If  these 
values  are  substituted  in  the  above  formula  the  result  will 
be 

M 

bd"'       ,  where  JM  is  in  inch-pounds. 

107 

It  is  much  more  convenient  in  using  the  slide  rule  to 
work  in  tons,  doing  away  with  the  necessity  of  keeping 
track  of  the  decimal  points,  and  giving  smaller  figures  to 
work  with.    Therefore,  if  we  divide  by  2,000  we  get 
M 
bd"  ^ ,  M  being  in  inch-tons. 


Another 
quired: 


.054 
formula 

M 


is  that  giving  the  area  of  steel   re- 


jdf» 


If  we  substitute  the  same  values  as  before,  we  get 
M 
A-  =  (in  inch-pounds), 


Or. 


14,000d 
M 


A.  = 


7d 


(in  inch-tons). 


This  formula  is,  however,  more  useful  in  another  form, 
that  which  gives  the  steel  stress  instead  of  the  area  di- 
rectly, for  it  is  more  convenient,  knowing  the  stress  to  be 
resisted,  to  pick  from  tables  the  number  of  bars  of  a  cer- 
tain size  which  will  resist  the  stress.  Since  the  area  times 
the  allowable  stress  equals  the  total  stress,  we  get 

16,000M         8M 

Total  Steel  Stress  = = 

14,000d  7d 

Or  in  another  way;  we  know  that  the  bending  moment 
divided  by  the  resisting  arm  equals  the  stress,  and  since 
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the  resisting  arm  is  j  =  '/sd,  we  have  the  stress  equal  to 
M  divided  by  %d,  which  gives  the  same  result  as  before. 

There  is  one  difference  between  the  usual  design  of  con- 
crete structures  consisting  mainly  of  beams  and  slabs,  and 
the  design  of  foundation  beams.  The  same  condition  does 
occur  in  any  type  of  design,  but  not  to  the  same  extent  as 
in  foundations.  That  is,  in  ordinary  work  it  is  customary 
whenever  possible  to  assume  the  breadth  of  beam  and  com- 
pute the  depth,  using  the  economic  ratio  of  steel,  which  for 
1 :2 :4  concrete  is  .0077bd.  In  the  design  of  foundation  wall 
beams,  however,  the  depth  is  usually  the  controlling 
factor,  and  the  breadth  is  also  generally  controlled  by  the 
wall  to  be  carried.  It  therefore  becomes  necessary  to  as- 
sume, or  accept  given  dimensions  for  the  beam,  and  find 
the  proper  ratio  of  steel,  for  the  beam  consists  frequently 
of  the  wall  for  the  full  depth  of  the  foundation  below 
grade.  On  account  of  the  long  resisting  arm  in  such  a 
case,  the  steel  area  required  is  very  small  compared  with 
that  of  a  beam  ordinarily  designed  to  carry  the  same  load. 

M 

In  this  connection,  the   ratio  R  =  • is   useful,   in 

bd= 
which  R  =  fspj.     This  is  the  same  formula  as  that  first 
given,  using  the  letter  R  to  indicate  f^^pj,  R  as  there  given 
being  equal  to  107.    Knowing  the  depth  and  breadth  of  the 

M 

beam  we  can  substitute  in  the  formula  R  = ,  getting 

bd= 
a  value  for  R.     By  substituting  this  in 

R  =  f.pj  =  16,000p  X  .87  gives  a  value  for  p. 

The  actual  value  of  j  varies  slightly  from  %  or  .87, 
namely  from  about  .85  with  p  =  .011  to  about  .91  when 
p  equals  .003.  These  variations  make  very  little  difference 
in  the  practical  results,  and  may  be  disregarded  for  prac- 
tical purposes.  The  following  table  gives  values  of  R  for 
n  equals  15,  with  corresponding  values  of  p: 


TABLE  I. 

fs  =  16,000 

In  =  15 

f.  = 

.6,000 

)  n  =  15 

fc  = 

(JbO 

tc  = 

65(1 

P- 

R. 

p. 

R. 

.001 

15.15 

.011 

120.34 

.002 

29.69 

.012 

123.50 

.003 

43.87 

.013 

126.40 

.004 

57.78 

.014 

129.10 

.005 

71.48 

.015 

131.60 

.006 

85.00 

.016 

133.94 

.007 

98.37 

.017 

136.13 

.00769 

107.53 

.018 

138.19 

.008 

108.92 

.019 

140.13 

.009 

113.11 

.020 

141.96 

.010 

116.90 

For  example,  let  it  be  required  to  find  the  percentage  of 
steel  required  to  resist  a  moment  of  700,000  inch-pounds 
in  a  foundation  wall  beam  in  which  b  equals  16",  d  equals 
60".     We  get  d=  =  3600,  bd=  =  57.600.    Substituting  these 

M 
values  in  bd=  = ,  we  get  p  =  .0009,  or  using 


the  table,  R 


16,000p.87 
M                                  700,000 
gives  R  equals  ■ 


=  12. 


bd=  57,600 

The  lowest  value  of  R  given  in  the  table  is  15.15,  which 
gives  p  =  .001  which  is  close  enough.  It  will  be  seen  that 
a  deep  beam  requires  very  little  steel,  pbd  in  this  case 
being  only  .86  square  inches,  using  p  =  .0009,  or  about  one 
square  inch,  for  which  four  Yt,  inch  bars  could  be  used. 

The  amount  of  steel  required  can  also  be  determined  by 
another  method,  using  the  formula 
M 

A<  = in  which  M  is  in  inch-tons. 

7d 
In  this  case,  M  equals  700,000  divided  by  2,000  or  350 
inch-tons,  and  d  equals  60  inches.     Substituting  in  the 

350 

formula  we  have  A»  = =  .83  square  inches,  which 

7X60 
agrees  quite  closely  with  the  other  ijiethod.    This  formula 
is  generally  morg  useful  in  its  other  form: 

Stress  =-  8M/7d  =  8  X  3507  X  60  =  6.67  tons. 
We  can  now  take  directly  from  Table  II  the  bars  which 
will  supply  steel  enough  to  resist  this  stress,  the  table 
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being  applicable  for  steel  having  an  allowable  stress  of 
either  16,000  or  20,000  pounds  per  square  inch,  or  8  tons 
or  10  tons.  From  the  table  we  see  at  a  glance  that  three 
%"  round  bars  will  take  a  stress  of  3  X  3.45  or  7.35  tons 
or  if  we  prefer  to  use  square  steel  we  note  that  two  %" 
and  one  •%"  bars  will  take  a  stress  of  2  X  3.13  -t-  1.13  = 
7.39  tons. 


TABLE  IL 

, Stress ^ 

Size.  Wt.  8-ton.         10-ton.  Wt. 

Vi-in 212  .RO  .63  .167 

%-in 478  1.13  1.41  .375 

V^lin 850  2.05  2.50  .667 

%-in 1.328  3.13  3.91  1.043 

%-in 1.913  4.50  5.63  1.502 

v's-in 2.603  6.13  7.66  2.044 

1     -in 3.400  8.00  10.00  2.670 

1%-in 4.300  10.13  12.65  3.379 

1'4-in 5.310  12.50  15.67  4.173 

1%-in 6.428  15.13  18.91  5.049 

l'/4-in 7.650  18.00  22.50  6.008 

Note. — Area  of  bar  equals  the  stress  given  for  10- 
by  10 — i.   e.,  area  of   J^-in.   square  bar  =r  2.50  -^  10  = 


, stress , 

S-ton.      10-ton. 

.39 

.50 

.89 

1.10 

1.57 

1.96 

2.45 

3.07 

3.53 

4.42 

4.86 

6.01 

6.28 

7.85 

7.95 

9.94 

9.81 

12.27 

11.89 

14.85 

11.13 

17.67 

ton  steel. 

divided 

25  sq.   In. 

It  is  necessary  to  reinforce  the  top  of  the  beam  some- 
what for  possible  negative  moment.  A  good  plan  is  to 
use  a  moment  of  WL^S  for  the  positive  bending  moment 
and  use  6/10  as  much  steel  in  the  top.  This  is  a  rule 
given  by  Hoole,  and  works  out  well.  If  a  moment  of  WL/12 
is  used,  correct  design  requires  the  beam  to  be  designed 
for  an  equal  negative  moment.  If,  however,  WL'8  is  used, 
the  steel  in  the  bottom  may  be  assumed  as  having  some 
effect  in  resisting  the  negative  moment,  thereby  justifying 
a  somewhat  smaller  amount  in  the  top  than  would  be 
required  by  WL/12,  which  is  the  usual  moment  for  a  con- 
tinuous beam  in  intei'mediate  spans. 

A  beam  of  this  sort  should  be  examined  as  to  the  neces- 
sit.v  of  web  reinforcement,  and  even  though  none  may  be 
required,  it  is  good  practice  to  place  stirrups  or  hoops  of 
say  Yi"  around  rods  at  intervals  not  exceeding  ''4  the 
depth  of  beam. 

The  spacing  of  hoops  may  be  determined  in  the  usual 
way  for  beams. 

The  formula  for  spacing  of  web  reinforcement,  i.  e., 
stirrups  or  hoops  is  S  =  Sa^fgd  '2V  in  which  S  is  the  dis- 
tance center  to  center  of  hoops  or  stirrups  (for  vertical 
stirrups),  a^  is  the  area  of  steel  in  the  stirrup,  V  the  shear. 
It  is  most  convenient  to  assume  the  size  of  steel  to  be  used 
and  compute  S.  Steel  used  for  stirrups  or  hoops  is  usually 
either  1/4"  round,  %"  round  or  H"  square,  although  any 
other  sizes  may  be  used  if  desired.  Working  on  the 
premises  that  we  shall  generally  use  these  sizes,  and  that 
for  ease  in  placing  we  are  going  to  use  vertical  hoops  as  a 
rule,  why  not  have  these  sizes  incorporated  into  a  formula, 
using  a  constant  for  each  size  steel.  For  instance,  the  area 
of  a  V4"  round  bar  is  practically  .05  square  inches,  the 
effective  area  in  a  hoop  being  twice  that.  Using  this  value 
and  the  customary  practical  values  for  the  other  conistants, 
we  have,  substituting  in  the  formula 

3X2X.05X16000X7/8d  2100d  d 

S  = =    ^ — ,  practically, 

2V  (in  pounds)  V  (in  lbs.)      V  (in  tons) 


which  is  a  simple  slide  rule  formula  for  finding  the  neces- 
sary maximum  spacing  for  ^  i"  round  hoops  at  any  point 
in  the  beam,  V  being  the  shear  at  that  point. 


In  a  similar 
stirrups 


manner,  we  get  for 


round   hoops  or 


S  =  4620d/V,  in  pounds, 
2.31d 

S  = 


For 


V  (in  tons) 
round  hoops. 


3.7d 


S  =  7400d/V;  S  = 
For  14"  square  hoops, 

S  =  10500d/V;  S  = 


V  (in  tons) 
5.25d 


V  (in  tons) 
To  illustrate  a  somewhat  different  problem  in  which  the 
same  principles  are  involved,   let  us  assume  a  building 
having  columns  spaced  25  feet  center  to  center  with  span- 
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drel  walls  between.  The  center  of  gravity  of  the  wall  is 
11  inches  outside  the  center  of  columns.  Wall  is  a  nine 
inch  wall  weighing  for  the  whole  span,  22,000  pounds.  Col- 
umn loads  are  70  tons  on  each  column.  The  first  question 
is,  how  many  piles  are  required?  If  we  are  going  to  use 
concrete  piles  with  a  bearing  capacity  of  30  tons  each,  we 
require  enough  to  carry  11  tons  plus  70  tons  plus  the 
probable  weight  of  the  beam  necessary  to  carry  the  wall, 
say  6  tons,  total  87  tons.  This  would  take  three  piles.  The 
beam  will  have  to  carry  the  wall,  and  its  own  probable 
weight,  total  17  tons.  The  beam  is  continuous,  but  there 
is  a  probability  that  it  will  not  all  be  placed  at  once,  so 
to  be  on  the  same  side  we  shall  design  it  as  a  simply  sup- 
ported beam,  using 

M  =  WL/8. 

M  =  17TX23'X12'78  =  586"T 

bd=  =  M/.054  =  586/.054  =  10,800 

b  =  12"  (assumed)     d'  =  900,    d  =  30". 

Steel  stress  =  8M/7d  =  8  X  586^7  X  30  =  23T. 

Use  3"s"  bars,  (from  Table  II). 
Since  we  used  WL''8  for  positive  moment,  we  need  use 
only  .6  as  much  steel  over  supports  for  negative  moment, 
.6  X  23T  =  13. 8T  resisting  strength  of  steel  over  supports 
required.  Use  two  %"  bars,  and  bend  up  one  of  the  bottom 
bars  at  about  the  third  point  of  span. 


TABLE  III. 

IS-in. 

pile. 

IS-ln. 

pile. 

Areas  of  segments. 

Areas  of  segments. 

Altitude. 

Per  cent. 

Altitude. 

Per  cent. 

1.0-ln. 

2.2 

5.5-in 

25.9 

1.5-in. 

4.0 

6.0-in. 

29.1 

2.0-m. 

6.1 

6.B-in. 

32.5 

2.5-in. 

S.4 

7.0-in. 

36.0 

3.0-in. 

10.6 

7.5-in. 

39.4 

3.5-in. 

13.6 

8.0-in. 

43.0 

4.0-in. 

16.5 

8.5-in. 

46.4 

4.5-in. 

19.4 

9.0-in. 

50.0 

5.0-in. 

22.7 

It  is  now  necessary  to  try  the  beam  for  diagonal  tension. 
The  Shear  V  will  be  equal  to  half  of  the  total  load  or  8.5 
tons,  say  9  tons.  For  i->"  square  hoops  the  formula  is 
S  =  5.25d  V  =  5.25  X30/9  =  17".  For  convenience  in 
spacing  we  would  place  the  hoops  16"  apart.  Some  design- 
ers would  prefer  to  vary  the  spacing,  increasing  the  dis- 
tance toward  the  center  of  the  span,  but  the  hoops  are 
usually  so  small  a  percentage  of  the  total  steel  that  it  is 
well  to  space  them  evenly  for  the  full  length  of  beam, 
avoiding  any  possibility  of  error  in  the  field. 

This  design  is  not  complete  until  we  find  the  center  of 
gravity  of  the  pile  bearing  power  and  place  it  under  the 
center  of  gravity  of  the  loads.  Since  the  loads  are  the  wall 
load  of  11  tons  and  the  column  load  of  70  tons,  the  sum 
being  81  tons,  and  the  distance  between  the  loads  11", 
the  center  of  gravity  of  the  loads  will  be  nearer  the  heavier 
load  and  will  be  11  81  of  11",  or  l^o"  from  the  column 
center.  The  footing  will  then  look  somewhat  as  in  Fig.  1. 

The  depth  of  the  footing  in  this  case  depends  upon  the 
depth  of  the  beam.  It  is  evident  that  this  depth  is  enough 
to  resist  the  shear  due  to  the  column  load.  The  area  of 
concrete  which  will  resist  shear  is  a  section  under  each 
of  the  four  sides  of  the  column  base.  If  the  column  base 
is  17"  the  section  resisting  shear  will  then  be  4  X  17" 
X  30",  30"  being  the  depth  d,  or  equals  2,040  sq.  ins.  It 
will  be  noted  that  one  of  the  piles  projects  3"  under  the 
column  base.  This  segment  is  107o  of  the  total  area  of  one 
pile,  and  this  much  of  one  pile  load  should  be  deducted 
from  the  column  load  to  get  the  shear  load.  Each  of  the 
three  piles  carries  one-third  of  the  column  load  of  70  tons, 
or  23.3  tons.  Deducting  ten  per  cent  of  23.3  from  70  tons 
we  get  a  shear  load  of  67.7  tons  due  to  the  column  load. 
Dividing  this  in  pounds  by  the  area  2,040  sq.  ins.  we  get 
the  unit  shear  equals  69  pounds  per  square  inch,  which  is 
safe,  120  pounds  being  allowable  for  reinforced  concrete. 

The  footing  must  be  reinforced  to  resi.st  the  moment 
due  to  the  column  load.  The  column  moment  will  be  70TX 
17"  8  =  149  inch-tons.  The  pile  moment  is  23.3T  X  15"  = 
450  inch-tons,  which  deducted  from  the  column  moment 
leaves  a  bending  moment  of  301  inch-tons.  A  conservative 
method  of  figuring  footings  is  to  consider  that  the  load  is 
di.stributed  downward  and  outward  at  an  angle  of  22.5  de- 
grees from  the  vertical.    This  would  give  a  width  of  beam 
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to  be  considered  in  designing  the  steel,  of  w  plus  d,  in 
whicli  w  is  the  length  of  the  base  plate  in  the  direction  of 
the  moment,  and  d  the  depth  of  footing.  This  would  give 
us  a  width  b  of  17  plus  30  or  47  inches.  From  the  formula 
R  =■  M/btr  we  get  R  =  301  X  2,000/47  X  30  X  30  =  15. 
Prom  the  table  we  get,  for  R  =  15,  p  =  .001.  Knowing 
that  bd  =  47  X  30  =  1,410,  we  get  A-  =  .001  X  1,410  = 
1.4  sq.  ins.  From  Table  II  we  fine  that  three  %"  bars  will 
give  this  area. 

A  similar  procedure  is  necessary  in  designing  the  foot- 
ing under  a  column  for  any  number  of  piles.  Where  the 
depth  is  not  otherwise  controlled  it  is  necessary  to  com- 
pute the  necessary  depth  to  resi.st  shear,  reinforcing  for 
shear  if  necessary,  considering  diagonal  tension,  as  in  a 
beam.  The  areas  of  portions  of  piles  which  project  under 
base  plate  must  have  their  bearing  capacity  deducted  from 
the  column  load  to  get  the  shear  load.  Table  III  will  be 
of  assistance  in  this  respect,  giving  the  percentage  of  the 
area  included  in  segments  of  various  heights  for  piles  of 
18"  diameter.  The  pile  moments  for  all  other  piles  must 
be  computed  and  the  column  moment  deducted  to  get  the 
bending  moment,  in  each  direction.  A  subsequent  article 
will  give  the  design  of  a  footing  having  a  larger  number 
of  piles,  under  a  heavy  column  load,  and  also  a  method 
of  designing  a  cantilever  footing. 


NEW  FORM  OF  PNEUMATIC  CONCRETE  MIXING 
MACHINE. 

(Contributed.) 

The  new  pneumatic  mixer,  conveyor  and  placer  illus- 
trated consists  essentially  of  a  cylindrical  drum  mounted 
on  a  horizontal  axis  driven  by  an  independent  engine  or 
motor  and  contains  mechanical  mixing  apparatus  and 
special  appliances  for  delivering  the  mixed  concrete  to 
the  outlet  through  which  it  is  forced  by  pneumatic  pres- 
sure without  stopping  the  revolutions  of  the  machine. 
After  a  batch  is  discharged,  the  machine  is  stopped,  re- 
charged through  the  hopper  and  the  process  continued 
with  regularity  and  rapidity. 

The  hollow  trunnion  outlet  may  be  connected  to  a  pipe 
from  2  to  8  in.  in  diameter,  through  which  the  concrete 


New   Form   of   Pneumatic  Concrete   Mixer. 

is  discharged  in  a  continuous  steady  stream  at  a  velocity 
of  about  50  ft.  per  second,  with  an  air  pressure  of  only 
15  to  20  lb.  per  square  inch.  This  pressure  is  maintained 
steadily  and  uniformly  and  is  free  from  the  fluctuations 
of  from  5  to  40  lb.  that  have  obtained  in  pneumatic  dis- 
tributing machines.  The  steady  output  of  concrete 
doubles  the  capacity  of  the  machine  and  reduces  the 
amount  of  compressed  air  by  about  50  per  cent  per  cubic 
yard  of  concrete  placed.  A  feature  of  the  machine  is  its 
ability  to  discharge  concrete  made  with  1-in.  stone  through 
a  2-in.  pipe,  l^-j-in.  stone  concrete  can  be  discharged 
through  a  3-in.  pipe,  2-in.  stone  concrete  through  a  4-in. 
pipe,  and  concrete  made  with  a  run  of  crusher  stone 
through  a  6-in.  pipe. 

Machines  fitted  with  2  or  3-in.  discharge  pipes  distribute 
the  concrete  to  a  total  horizontal  distance  of  about  500  ft. 
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and  a  vertical  height  of  90  ft.,  while  the  larger  sizes,  with 
from  4  to  8-in.  discharge  pipes  can  place  it  3,000  ft.  away 
horizontally  and  100  ft.  high. 

The  machines  are  operated  by  a  single  man,  exclusive 
of  those  supplying  material,  and  up  to  and  including  4-in. 
discharge  pipe,  have  a  capacity  of  from  20  to  50  yd.  of 
concrete  mi.xed  and  placed  in  8  hr. 

The  discharge  pipe  terminates  with  a  rubber  hose  of  the 
same  diameter  which  for  the  smaller  machines  can  easily 
be  handled  by  one  man  and  operated  easily  without  any 
kick  in  the  pipe.  The  hose  is,  of  course,  eventually  worn 
out  by  the  concrete,  but  its  life  depends  largely  on  the 
quality  of  the  rubber  lining  and  has  been  found  to  be  as 
great  as  4,000  yd.  of  concrete  for  an  8-in.  pipe.  A  ma- 
chine proportioned  for  a  2-bag  batch  of  concrete  and  hav- 
ing a  3-in.  outlet  can  discharge  in  10  sec.  against  20  sec. 
required  for  the  same  amount  of  concrete  mixed  in  the 
old  machine  with  an  8-in.  outlet. 

The  large  new  machine  has  a  capacity  of  about  500  yd. 
of  concrete  in  8  hr.  when  conditions  are  favorable.  A  2- 
bag  machine,  3-in.  outlet,  weighs  complete  about  8,000  lb. 
and  is  operated  by  an  8-hp.  engine  or  motor.  The  best 
results  are  obtained  at  a  speed  of  about  16  r.  p.  m.  and 
concrete  of  any  degree  of  consistency  can  be  handled  suc- 
cessfully with  it.  Enough  water  to  prevent  it  from  stick- 
ing to  a  wheelbarrow  when  the  latter  is  dumped  is  recom- 
mended. 

The  machines  are  placed  on  the  market  by  the  Pneu- 
matic Placing  Co.,  Inc.,  2  Rector  St.,  New  York. 


METHOD  OF  MAKING  CLOSURE  IN  STEEL 
SHEET  PILING. 

Contributed  by  .S.  A.  Swanson,  State  Bridge  Inspector.  Butte.  Nebraska. 

The  following  method  of  closing  the  wall  of  a  steel 
cofferdam  in  a  Missouri  River  job  in  Omaha  was  used 
with  marked  success  and  has  been  equally  successful  on 
a  number  of  smaller  jobs. 

Two  15-in.  channels  were  bolted  together,  flange  to 
flange,  as  shown  in  diagram,  and  driven  with  flanges  fit- 
ting snugly  against  the  webs  of  the  sheet  piles.     As  each 
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St.   Louis   Items. 

The  L/.  J.  Smith  Construction  Companv  have  sublet  all  of  their 
Imnii  widening  worlj  on  the  Jllssouri,  Kansas  &  Tc-cas  U.  H.  In 
Oklahoma.  L.  J.  Smith  iias  been  cleaning  up  at  all  the  big  stock 
yho.vs  in   the   West   lately  with  his  white   face  cattle. 

\'.  K.  Steen  has  been  sick  in  Kansas  City  all  summer,  but  reported 
(he  other  day  that  he  expected  to  be  out  on  some  work  again  before 
lung. 

Roger  Kaubion  of  the  J.  W.  McJIurray  Contracting  Co.  passed 
through  St.  i^ouis  the  other  da.\'  on  his  \\ay  to  Cape  Girardeau  to 
renew  worli  on  their  concrete  job  for  the  Krisco  It.  U.  Co.  The  high 
water  last  year  caused  them  to  shut  down. 

.1.  J".  Purcell  writes  from  Annada.  Mont.,  that  he  has  a  drag  line 
and  a  western  grader  idle  at  that  point. 

McArthur  Bros.  Co.,  Vincennes,  Ind.,  have  100,000  j-ards  of  good 
levee  work  to  let  at  that  point.  They  will  let  this  work  in  ciuantities 
to  suit  outfit.  Prices  will  be  arranged  after  parties  look  over  the 
work. 

The  J.  W.  IMcMurra.v  Contracting  Co.  of  Kansas  City  were  awarded 
the  contract  for  building  two  new  bridges  for  the  M.,  K.  &  T.  R.  R. 
near  Siiawnee  and  Oklahoma  City.  Okia.  They  also  were  awarded 
the  contiact  for  building  the  temporary  approach  for  the  Twenty- 
tliird  street  viaduct,   Kansas  City,  Mo. 

Prosecuting-  Attorney  Richard  F.  Ralph  of  St.  Louis-  County  in- 
structed the  court  to  issue  $520,000  road  bonds  under  the  recently 
adopted  $3,000,000  bonds  issue.  Of  this  amount  $10,000  worth  is  in 
denominations  of  $100,  the  balance  $1,000.  Ralph  had  conferred  with 
Assistant  Attorney  General  W.  T.  Rutherford,  and  it  was  agreed  that 
the  Attorney  General's  office  will  advise  the  State  Auditor  to  accept 
the  issue.  Ralph  said  that  he  desires  to  prove  that  bonds  of  $100 
denomination  are  not  as  readily  salable  as  those  of  the  larger  de- 
nominations. The  court  also  instructed  Collector  Albert  ^Yiln•las  to 
add  !j  cents  per  $100  valuation  on  the  1916  tax  bills  due  for  payment 
in  September.  The  court  will  shortly  advertise  for  bids  on  work  to 
he  done  -with  the  recently  issued  bonds. 

Pete  McEnroe,  Hotel  Georgian.  Henryetta,  Okla.,  will  have  his  30- 
team  outfit  idle  at  that  point  in  a  few  days,  is  in  the  marlset  for 
some  more  grading. 

J.  D.  Vogt  of  Belleville,  111.,  was  aw-arded  ^the  contract  for  county 
load  work  near  there  last  week. 

P.  J.  Jlurph.v.  of  Moberly.  Mo.,  secured  .1  bridge  filling  job  from  the 
"Wabas'h  R.   R.   Co.   near  Conception,  Mo. 

A.  Burk  has  seven  teams  idle  at  Ridge  Farm,  111. 

Thomas  J.  Dolan  of  Chicago  spent  a  week  here  visiting-  con- 
tractors. Dolan  reports  doing  an  elegant  business  here,  during  his 
stay. 

The  Heman  Construction  Co.,  Title  Guaranty  building,  St.  Louis. 
ha\-e  130,000  yards  of  work  in  southern  Illinois  to  sublet.  Grant 
\\'yatt  of  this  company  will  be  pleased  to  show  contractors  over  the 
work. 

"Pretty  Good  Luck"  Dave  Griffiths  is  in  Kansas  City  at  the  pres- 
ent time.  Expects  to  go  back  on  his  big  ranch  in  the  west  in  a 
couple  of  w'eeks. 

Webb-Kunze  Construction  Co.  are  excavating  for  the  foundation 
of  the  new  Bevo  plant  ihat  is  going  to  be  erected  here  by  tile  An- 
heuser-Busch Brewing  Co. 

The  Iron  Mountain  R.'  R.  Co.  is  going  to  erect  a  ne-n'  depot  at 
Bismark,  Mo.  Are  als-o  contemplating  erecting-  a  round  house  and 
coal  chute  there. 

A.  B.  Koenig  and  family  spent  the  past  two  weelis  in  the  west, 
cteturned  to  St.  Louis  last  Monday  feeling  better  than  ever. 

The  Board  of  Public  Service  on  September  12  granted  permits  to 
the  Terminal  Raili-oad  Association  to  lay  tracks  across  seven  streets 
in  the  north  end  of  the  city  and  east  of  Broadway,  in  a  district 
bounded  by  Prescott,  Bulwer,  Luther  and  Taylor  avenues.  The  tracks 
.  will  be  laid  on  a  tract  recenth-  purchased  for  a  storage  yard  to  be 
used  in  connection  with  the  Terminal's  west  belt  line.  The  streets 
over  w-hich  the  tracks  will  be  laid  for  a  block  are  Pitzman,  Newman. 
Sweringer.  Campbell.  Morin,  Taylor  avenue,  and  a  half  block  on 
Gvpsv  street.  No  protest  iias  been  made  against  the  issuance  of 
the   permits.  A.    B.   KOENIG. 


Closure  Joint  for  Steel  Sheeting. 

bolt  reached  the  water  line  it  was  tightened,  and  a  wedge- 
shaped  opening  32  ft.  in  depth  and  tapering  from  13  in.  at 
the  bottom  to  practically  nothing  on  top,  was  closed  and 
a  water  tight  joint  made  by  this  method.  The  piles  were 
driven  into  bedrock  and  it  was  at  first  attempted  to  close 
the  dam  by  driving  a  key  pile,  but  this  pile  was  torn  ouc 
at  a  depth  of  about  15  ft.  Mr.  J.  N.  Johndreau,  at  that 
time  superintendent  for  the  Western  Bridge  and  Con- 
stl'uction  Co.  of  Omaha,  was  responsible  for  the  idea. 


A  1,300-FT.  LONG  DAM  IN  NEW  ENGLAND. 

A  meeting  of  the  manufacturers  of  the  Naugatuck  Val- 
ley, Connecticut,  has  been  held  to  take  further  action  to- 
ward the  development  of  a  reservoir  for  impounding  the 
water  of  Lead  Mine  Brook.  The  complete  project  calls 
for  the  construction  of  three  large  dams.  The  first  dam, 
as  proposed,  would  be  1,300  ft.  long  and  142  ft.  high,  and 
would  contain  several  hundred  thousand  cubic  yards  of 
Cyclopean  masonry.  The  plan  calls  for  the  'storage  of 
water  during  the  winter  months  and  its  release  about 
July  1.  This  would  greatly  increase  the  amount  of  water 
power  down  the  Naugatuck  Valley;  would  cleanse  the 
Naugatuck  River  and  bring  it  into  a  much  more  sanitary 
condition  and  would  be  a  great  benefit  to  each  city  and 
town  along  the  river  as  far  south  as  Derby.  Charles  H. 
Preston,  Waterbury,  Conn.,  is  the  Engineer  for  the  man- 
ufacturers. 


PERSONALS. 

W.  J.  Fourn-er  has  been  appointed  assistant  engineer  of  the  Coast 
Lines  of  the  Santa  Fe  System,  with  headquarters  at  Needles,  Cab, 
succeeding  B.   H.   Quinham,    resigned. 

Oliver  W.  Connet  has  been  appointed  valuation  engineer  of  the 
''\'estern  Maryland  R.  li.  ]\Ir.  Connet  until  recentlj-  was  connected  with 
the  City  Engineer's  Department  of  Baltimore,  Md. 

George  C  Andrews  has  been  appointed  supervising-  engineer  of 
the  water  worlds  of  Buffalo,  N.  Y.  He  formerly  was  resident  en.sineer 
of  the  New  York  State  Barge  Canal  at  Lockport,  N.  Y. 

Charles  Scott  Landers,  Reuben  Davis  and  Alan  M.  Ferebee  have 
organized  the  Substructure  Co..  Inc.,  with  offices  at  115  Broadway, 
New  York  Cit.y.  and  will  specialize  in  foundation  and  underpinning 
work. 

Harold  E.  ICetchum  has  been  made  vice-president  of  the  Graff 
Construction  Co.,  Seattle,  Wash.  iMr.  Ketchum  formerly  was  con- 
nected with  the  Hiinke>--Conkey  Construction  Co.  and  was  su])erin- 
rundent  for  the  comp.any  during  the  trection  of  the  Detroit-Superior 
bridge  at  Cleveland. 

A  commission  of  eight  Engineers  and  a  physician  have  been  ap- 
pointed by  the  City  Council  of  Chicago,  111.,  to  study  out  a  method 
for  preventing  future  epidemics  of  typhoid  fever  in  that  city.  The 
commission  consists  of  Isham  Randolph,  George  E.  Earl,  Lyman  E. 
t'oolev  and  Langdon  Pearce  of  the  Sanitary  District,  W.  .\.  Nelson 
and  W.  Ix.  Matthews  of  the  Bureau  of  Sewers,  Cicero  D.  Hill  of  the 
Board  of  Local  Improvements,  B^-ank  R,  Sadler,  chief  engineer  of  the 
Sixty-eighth  Street  Pumping  Station,  and  Dr.  Herman  N.  Bundesen 
of  the  Health  Department. 

H.  A.  Lane  has  been  promoted  from  assistant  engineer  of  surveys 
tf>  assistant  to  the  chief  engineer  of  the  Baltimore  &  Ohio  System, 
Mr.  Lane's  engineering  experience  began  in  1S95  as  a  rodman  on  the 
engineering  corps  of  the  New  Yot-l<,  New  Haven  &  Hartford  Railroad, 
and  in  1901  he  was  made  assistant  engineer  in  charge  of  the  northern 
half  of  improvements  for  the  abolition  of  grade  crossings  at  Fall  River, 
Mass.,  a  work  costing  $1,600,000.  In  December,  1902,  Mr.  Lane  en- 
tered the  employ  of  the  Baltimore  &  Ohio  in  the  office  of  the  assist- 
ant en.gineer  of  surveys.  In  190T.  when  the  Baltimore  &  Ohio  R.  R. 
liegan  its  campaign  for  the  betterment  of  its  line,  yiv.  Lane  was 
given  charge  of  operations  for  freight  terminal  betterments.  He  was 
made  assistant  engineer  of  surveys  in  1910,  in  which  capacity  he 
remained  until  his  recent  promotion. 
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QUERY  TO  CANADIAN  ENGINEERS. 

The  theory  of  "protection  to  home  industries"  has  been 
carried  by  many  American  cities  to  the  absurd  extreme 
of  restricting  appointments  of  city  engineers  and  other 
employes  to  residents  of  the  city.  We  have  always  op- 
posed the  building  of  a  professional  Chinese  wall  of  this 
character.  We  regret  therefore  that  the  council  of  the 
Canadian  Society  of  Civil  Engineers  has  seen  fit  to  advo- 
cate a  Chinese  wall  around  Canada. 

Prof.  George  F.  Swain,  of  Harvard,  was  recently  se- 
lected by  a  Canadian  commission  that  is  to  investigate 
the  railway  situation  in  Canada.  Prof.  Swain  is  to  have 
charge  of  the  appraisal  work,  and  it  is  against  this  ap- 
pointment of  "an  outside  engineer"  that  the  council  of  the 
Canadian  Society  of  Civil  Engineers  protests. 

We  have  believed  in  the  licensing  of  civil  engineers, 
which  the  Canadian  Society  has  brought  about,  and  we 
admire  the  political  activity  of  this  society,  but  isn't  it 
stretching  self-interest  somewhat  beyond  the  elastic 
limit  when  any  society  urges  that  one  of  its  own  mem- 
bers, even  though  a  foreigner,  be  excluded  from  engineer- 
ing practice  within  the  domain  of  the  society? 

The  members  of  the  Canadian  Society  are  asked  to  write 
to  their  representatives  in  the  Dominion  Parliament  and 
otherwise  to  bring  political  pressure  to  bear  in  an  effort 
to  prevent,  at  least  in  future,  the  employment  of  Ameri- 
can or  other  foreign  engineers  as  chiefs  on  public  work 
in  Canada.  If  we  mistake  not,  more  engineers  of  Canadian 
birth  and  education  have  found  employment  in  America 
than  the  converse.  Indeed,  we  welcome  good  engineers 
from  whatsoever  country.  Sorrowfully  now  do  we  note 
this  recent  action  that  may  lead  to  reprisals  in  a  field 
where  fraternity  should  prevail. 


LOCATING  ROADS  WITH  REFERENCE  TO  MAIN- 
TENANCE. 

The  highway  engineer  who  has  had  experience  in  the 
maintenance  of  way  department  of  a  railway  through 
hilly  country  frequently  avoids  road  location  that  seems 
entirely  satisfactory  to  an  engineer  lacking  such  experi- 
ence. Thus,  drifting  snow  is  one  of  the  railway  main- 
tenance bete  noires.  Long  shallow  cuts  exposed  to  sweep- 
ing winds  are  particularly  hard  to  keep  clear  of  snow.  In 
general,  the  greater  the  percentage  of  embankment  the 
less  will  be  the  snow  trouble. 

Sidehill  springs,  often  dried  up  in  summer  when  a  road 
is  located,  are  a  source  of  maintenance  expense,  where 
they  flow  into  a  sidehill  cut.  The  location  of  such  wet 
spots  is  generally  indicated  by  the  character  or  profuse- 
ness  of  the  vegetation.  Hence  a  highway  engineer  should 
have  an  eye  for  changes  in  vegetation  along  any  proposed 
route. 

High  embankments  settle  for  years  after  building.  On 
a  side  hill  an  embankment  settles  more  on  its  outer,  or 
deeper,  side  than  on  its  inner  side.  Hence  a  concrete 
pavement  on  a  sidehill  fill  is  exceedingly  apt  to  crack  and 
to  continue  cracking  if  the  concrete  is  laid  soon  after  the 
fill  has  been  made. 

In  his  "Economics  of  Road  Construction,"  the  editor 
called  attention,  many  years  ago,  to  the  importance  of  lo- 
cating a  road  on  porous  soil  where  this  is  possible  with- 
out greatly  increasing  construction  costs.  Clay  soil,  when 
wet  from  rain  and  melting  snow,  often  yields  under  heavy 
loads  even  where  the  pavement  is  6  in.  thick.  Heavy  motor 
trucks,  therefore,  are  apt  to  cause  disintegration  of  a  road 


built  on  a  clay  that  becomes  saturated  with  water.  Let 
it  not  be  supposed  that  deep  side  ditches  will  always  re- 
move this  risk,  for  where  snow  accumulates  in  the  ditches, 
water  runs  off  very  slowly  and  much  of  it  finds  its  way 
under  the  pavement. 

Changing  the  course  of  a  small  stream  is  often  resorted 
to  in  an  effort  to  reduce  the  cost  of  bridges.  Be  careful, 
when  this  is  done,  not  to  steepen  the  hydraulic  grade  of 
the  stream,  for  the  resulting  swifter  current  will  cut  away 
the  banks  of  the  stream  until  the  original  hydraulic  grade 
is  again  established.  The  editor  made  this  mistake  once. 
Even  riprap  would  not  hold  the  creek  to  the  new  and 
shorter  channel  that  had  been  dug  for  it. 


A  MOVABLE  PLANK  ROAD  CARPETED  WITH 
ASPHALTIC  OIL  AND  SAND. 

The  engineers  of  the  California  Highway  Commission 
have  again  proved  their  resourcefulness.  Confronted 
with  building  six  miles  of  road  through  shifting  desert 
-sands  between  Yuma,  Ariz.,  and  Holtville,  Calif.,  it  was 
decided  to  lay  a  plank  roadway  8  ft.  wide,  with  turnouts 
every  1,000  ft.,  and  to  put  a  i^-in.  wearing  coat  of  as- 
phaltic  oil  and  sand  on  the  plank. 

The  unique  feature  of  this  construction  was  the  build- 
ing of  the  road  in  units  12  ft.  long,  which  were  loaded 
on  wagons  and  unloaded  and  placed  with  tackle  sus- 
pended from  a  movable  frame  very  much  like  a  bridge 
"traveler."  Planks,  4x12  in.  x  8  ft.,  were  spiked  to  three 
lines  of  4x6-in.  stringers,  forming  a  section  12  ft.  long. 
Strap  iron  was  then  bolted  down  over  the  spikes  to  prevent 
their  working  loose. 

The  road  was  built  in  4  months  at  a  cost  of  about 
18,500  per  mile.  In  the  event  that  the  drifting  mounds  of 
desert  sand  interfere  with  traffic,  it  will  be  possible  to 
shift  parts  of  the  road  to  new  locations. 

Many  of  the  plank  floors  of  highway  trestles  and  bridges 
in  California  have  been  carpeted  with  asphaltic  oil  and 
sand,  and  the  carpet  has  proved  to  be  a  decided  protec- 
tion to  the  plank.  But  this  use  of  such  a  carpet  on  sev- 
eral miles  of  plank  road  is,  we  believe,  without  precedent. 


THE  CATERPILLAR  TRACTOR  BECOMES  A 
"TANK." 

Except  the  flying  machines  no  mechanical  device  in 
the  great  war  has  excited  as  much  editorial  comment  as 
the  "tanks"  or  "land  warships."  In  the  first  newspaper 
descriptions  of  these  new  engines  of  war,  American  engi- 
neers and  contractors  recognized  old  friends  in  new  garbs. 
The  caterpillar  tractor  had  put  on  a  coat  of  mail,  and, 
"armed  to  the  teeth,"  had  lumbered  forth  onto  the  battle- 
field to  shoot  and  be  shot.  In  plain,  the  English  had  con- 
verted a  particular  type  of  American  traction  engine  into 
an  armored  car  which  is  capable  of  traveling  over  soft 
and  irregular  ground  because  it  continuously  lays  and 
picks  up  its  own  track. 

The  editor  recalls  seeing  a  caterpillar  or  apron  wheels 
in  use  on  a  ditching  machine  about  14  years  ago.  He  was 
told  that  the  device  was  at  that  time  several  years  old. 
The  caterpillar  tractor,  made  by  the  Holt  Mfg.  Co.,  of 
Stockton,  Cal.,  was  used  for  hauling  gang  plows  and  other 
farm  machinery.  Later  it  was  used  for  hauling  trains  of 
wagons  on  construction  work,  notably  on  the  Los  Angeles 
aqueduct.  Now  the  caterpillar  tractor  is  catipulted  into 
world-wide  prominence  by  its  peculiar  use  in  the  war. 
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About  1,000  of  these  tractors  have  been  sold  to  the 
Allies  by  the  Holt  Mfg.  Co.,  of  Peoria,  111.,  presumably  for 
use  in  hauling  guns  and  wagon  trains.  Now  it  appears 
that  the  English  have  ingeniously  turned  some  of  them 
to  other  uses,  and  it  may  very  well  transpire  that  the  new 
"tank"  may  effect  as  marked  a  revolution  in  methods  of 
land  warfare  as  was  effected  in  naval  warfare  by  Erick- 
son's  "cheese  box  on  a  raft" — the  Monitor.  At  any  rate 
we  have  new  evidence  that  warfare  is  more  and  more  a 
contest  between  engines. 

Ne.xt  we  may  hear  of  fleets  of  American  trench  diggers, 
likewise  mounted  on  caterpillars  as  some  now  are,  follow- 
ing fleets  of  "tanks"  and  digging  shelter  trenches  before 
the  infantry  advances  to  occupy  them.    Why  not? 

From  a  great  number  of  daily  paper  editorials  on  the 
"tank,"  we  select  one  from  the  New  York  "Post"  for  re- 
print. Under  the  title,  "New  Honors  for  the  Mule,"  ap- 
peared the  following: 

So  it  turns  out  that  the  latest  military  novelty  is  the  American 
mechanical  mule,  fitted  with  tortoise  armor  to  protect  his  vitals  and 
carrying-  machine  guns — doubtless  of  the  Lewia  type,  not  good  enough 
to  be  adopted  by  our  ordnance  board.  The  machine  that  leans  against 
a  brick  wall  and  flattens  it,  snaps  trees  as  if  they  were  twigs,  takes 
ditches  lil<e  a  kangaroo,  and  waddles  along  in  an  unstoppable  way. 
comes  from  Peoria,  111.,  and  has  been  on  the  market  for  a  number 
of  years. 

In  August,  at  Fremont.  Neb.,  was  a  grand  mobilization  and  review 
of  farm  tractors.  Forty-eight  different  manufacturers  were  repre- 
sented by  cars  of  as  many  different  types.  They  deployed  in  the 
presence  of  50,000  critical  farmers,  showing  what  they  could  do  in 
the  way  of  gashing  Mother  Earth,  pulling  up  stumps,  and  hauling 
huge  loads.  There  were  caterpillar  behemoths  of  the  kind  that  have 
created  a  sensation  on  the  Somme,  and  the  little  Henry  Ford,  looking 
like  a  laundry  delivery  wagon. 

There  is  high  authority  for  the  declaration  that  it  was  not  soldiers 
or  cannon  that  won  at  Appomattox,  but  the  tireless  and  blameless 
mule.  It  may  turn  out  that  the  mule's  mechanical  derivative  will 
bring  to  an  end  the  war  in  Europe.  In  the  warfare  of  positions  the 
defense  has  had  an  advantage  for  two  years,  but  of  what  use  are 
trenches  and  embankments  if  an  untouchable  steel  beast,  spitting 
bullets  lilie  water  from  a  hole,  and  perforating  what  he  does  not 
flatten,  is  able  to  romp  over  them,  cutting  wire  entanglements  as 
he  noses  along?  Are  wars  of  the  future  to  be  between  land 
battleships?  Is  victory  to  come  to  the  Allies  simply  because  Win- 
ston Churchill  had  imagination  enough  to  see  first  the  use  that  could 
be  made  of  caterpillar  traction,  and  thus  in  one  thing  prepared  ahead 
of  the  Germans? 

The  aeroplane  has  been  a  success — is  now  indispensable  to  mili- 
tary success.  The  big  siege  gun  has  made  archaic  all  forms  of  fort- 
resses. On  the  other  hands,  the  heavier-than-air  airship,  except  for 
observation  purposes,  has  thus  far  been  a  military  failure.  The  gas 
attack,  despite  its  dreadfulness  and  the  terror  it  first  aroused,  seems 
to  have  been  provided  against.  Nor  has  anything  decisive  come  from 
the  use  of  the  flame  ejectors  on  which  the  Germans  built  such  great 
hopes.  It  may  be  that  the  armored  tank  will  turn  out  to  be  merely 
another  novelty.  Nevertheless,  it  seems  to  have  proved  most  eftecr 
tive  on  the  first  trial.  It  would  seem  as  if  some  factor  has 
been  introduced  to  soften  the  stiff  German  line.  One  can  imagine 
the  hurried  consultations  that  are  going  on  among  German  engineers 
and  the  feverish  haste  of  German  factories  as  they  work  to  create 
squadrons  of  the  new  dinosaurs. 


CHANGE      ASSESSMENT     METHODS      IF      YOU 
WOULD  GREATLY  IMPROVE  CITY  STREETS. 

Farm  produce  delivered  at  city  residences  costs  the 
consumers  two  to  three  times  what  the  farmer  receives  for 
it.  A  very  considerable  part  of  the  "middleman's  profit" 
is  actually  not  profit  but  the  expense  of  delivering  the 
produce  over  bad  city  pavements.  This  expense  seems 
likely  to  decrease  with  increased  use  of  auto-trucks  and 
auto-delivery  wagons,  but  the  decrease  will  not  be  what 
it  should  be  until  such  time  as  practically  all  the  streets 
in  cities  are  smoothly  paved. 

On  the  whole,  city  pavements  are  yet  far  from  being 
satisfactory  roadways  for  delivery  vehicles  and  trucks 
moving  at  speeds  of  15  miles  an  hour  or  more.  Even  for 
horse-drawn  wagons  most  pavements  leave  a  great  deal  to 
be  desired,  but  as  trackways  for  motor  cars — well,  ask 
the  merchant  who  has  to  maintain  the  cars  what  rough 
streets  mean  to  his  pocketbook. 

Before  there  is  apt  to  be  much  improvement  effected  in 
city  pavements  there  must  be  revision  of  laws  governing 
assessments  for  street  construction  and  repair.  In  many 
cities  the  entire  cost  of  a  new  pavement  is  levied  against 
the  abutting  property  owners.  This  relic  of  municipal 
antedeluvianism  needs  the  attention  of  all  city  engineers 


who  have  the  best  interest  of  their  cities  at  heart.  They 
may  well  call  public  attention  to  the  fact  that  no  great 
progress  was  made  in  country  road  improvement  until  the 
states  began  to  hear  a  large  part  of  the  cost  of  roadwork. 
Similarly  the  city  at  large  should  bear  fully  half,  and 
probably  two-thirds,  the  cost  of  street  construction  and 
reconstruction. 

City  engineers  will  do  well  to  study  all  ordinances  that 
govern  assessments  for  municipal  works,  with  a  view  to 
taking  the  lead  in  effecting  desirable  changes.  If  left  to 
itself  the  public  will  seldom  change  anything.  Let  a 
poor  law  be  enacted,  and,  unless  it  directly  hurts  some  in- 
dividual, it  stands  fair  chance  of  existing  forever.  An 
ordinance  may  indirectly  hurt  every  citizen  in  the  town, 
yet  none  but  a  very  few  may  realize  the  seriousness  of 
the  injury.  Among  those  few  is  the  city  engineer,  and 
upon  him  devolves  the  duty  of  arousing  public  opinion  to 
the  point  where  remedial  action  will  be  taken. 

In  these  days  of  altitudinous  prices  for  foods  of  all 
kinds,  the  public  will  lend  a  willing  ear  to  methods  of 
reducing  the  prices.  We  suggest,  therefore,  that  engineers 
engage  public  attention  by  showing  the  economic  possi- 
bilities that  lie  not  only  in  having  good  roads  radiating 
from  every  town  but  good  roads  within  every  town  and  in 
every  part  of  the  town. 


,  DOUBLE-TRACKING  ROADS  ON  CURVES. 

Many  automobile  accidents  on  sharp  curves  are  due  to 
the  tendency  of  drivers  to  run  on  the  outer  side  of  the 
curves  regardless  of  the  direction  they  are  traveling. 
Engineers  of  the  Minnesota  Highway  Commission  pre- 
vent this  tendency  by  double-tracking  roads  on  sharp 
curves.  This  is  accomplished  by  grading  a  crescent 
shaped  bank  in  the  middle  of  the  road  on  curves,  thus 
splitting  the  highway  into  two  separate  roadways. 

In  previous  editorials  we  have  advocated  the  widen- 
ing of  roads  on  curves,  and  the  clearing  away  of  vegeta- 
tion that  obstructs  the  view  of  drivers.  At  the  recent 
Conference  in  Highway  Engineering  at  Kansas  State 
Agricultural  College,  Mr.  H.  E.  Bilger,  engineer  of  the 
Illinois  Highway  Commission,  urged  the  desirability  of 
acquiring  an  extra  width  of  right  of  way  on  sharp  curves. 
The  inner  right  of  way  face  can  then  be  set  back  and 
the  curve  flattened. 


EDITORIAL  COMMENT. 


A  new  road  over  the  Continental  Divide,  Wolf  Creek 
Pass,  in  Southwestern  Colorado,  was  opened  for  traffic 
last  month.  It  shortens  the  route  to  Southern  California 
by  300  miles.  The  30  miles  of  this  road  cost  $8,000  a  mile. 
A  part  of  the  road  was  surfaced  with  disintegrated  gran- 
ite. The  ruling  grade  is  6.5  per  cent,  and  the  sharpest 
curves  have  a  30-ft.  radius,  around  which  a  large  auto- 
mobile can  turn  readily. 


Contrary  to  general  opinion  few  engineering  graduates 
leave  the  profession.  Of  23,000  men  who  graduated  from 
engineering  colleges  during  the  years  1901  to  1914,  only 
10  per  cent  reported  as  having  gone  into  pursuits  not 
classed  as  engineering,  according  to  an  investigation  made 
by  Prof.  A.  A.  Potter  of  the  Kansas  State  Agricultural 
College. 


Thin  brick  pavements,  now  tha't  they  have  at  last  "ar- 
rived," are  likely  to  become  increasingly  popular.  The 
so-called  "vertical  fiber"  paving  block  has  two  wearing 
faces,  4x8y2  in.,  that  are  wire  cut.  The  sides  have  lugs. 
These  blocks  may  be  had  in  four  different  thicknesses,  2i/2, 
3,  3^/L>  and  4  in.,  the  3-in.  thickness  being  at  present  most 
popular  for  streets  of  medium  and  heavy  traffic.  For  a 
square  yard  32  to  35  blocks  are  required.  As  previously 
noted  in  these  columns,  16,000  sq.  yd.  of  brick  3  in.  thick 
on  concrete,  were  laid  in  Kansas,  City  in  1914.  Asphalt 
joint  filler  and  an  asphalt  "carpet"  (liquid  asphalt 
sprinkled  with  sand)  preserve  the  bricks  from  wear  and 
reduce  the  noise.  The  "carpet,"  if  made  of  good  asphalt, 
lasts  one  to  three  years  under  moderate  to  heavy  traffic. 
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WHY  NOT  AN  AMERICAN  STANDARD  ROAD? 

To  the  Editor:  While  in  Washington  in  response  to  the 
invitation  of  the  Office  of  Public  Roads  and  Rural  Engi- 
neering to  discuss  the  Federal  Aid  Road  Act,  the  Associa- 
tion of  State  Highway  Commissioners  of  the  United 
States,  whose  membership  had  larger  representation  than 
upon  any  previous  occasion,  held  a  special  meeting  on 
Aug.  15,  when  a  resolution  regarded  by  the  Association 
as  e.xtremely  important  was  adopted.  It  provided  for  the 
appointment  of  a  special  committee  to  act  in  conjunction 
with  the  Office  of  Public  Roads  and  Rural  Engineering 
in  the  formation  of  a  complete  and  up-to-date  set  of 
standard  plans,  specifications  and  forms  for  the  construc- 
tion and  maintenance  of  Federal  aid  roads,  and  the  com- 
mittee was  given  full  power  to  act  without  reserve.  The 
resolutions  had  the  full  support  of  the  Bureau  of  Public 
Roads,  and  was  unanimously  adopted. 

The  foregoing  facts  are  referred  to  at  length  because 
they  give  emphasis  to  the  imperative  necessity  of  thorough 
standardization  in  the  construction  of  all  Federal  aid 
roads  if  these  roads  are  to  represent  uniform  results  in  the 
way  of  durability,  economy  and  satisfactory  service. 

The  query  at  once  arises  as  to  whether  the  purpose  to 
effect  the  standardization  described  could  not  be  extended 
in  principle  far  beyond  the  jurisdiction  of  the  Federal 
Government  through  its  adoption  by  State  and  County  au- 
thorities and  by  engineering  public  opinion.  And  even 
more  important,  could  it  not  be  carried  to  a  point  that 
would  result  in  the  adoption  of  what  might  be  termed  a 
national  or  standard  highway  as  opposed  to  our  present 
miscellaneous,  costly  and  unsatisfactory  types  of  roads? 

If  there  should  be  evolved  or  adopted  an  American 
standard  road,  what  should  be  its  type? 

By  discarding  types  of  highways  whose  initial  cost  is 
beyond  the  resources  of  the  average  community,  and  like- 
wise road?  conceded  to  be  obsolete  from  the  viewpoint  of 
durability  and  economy,  two  types  remain.  They  are  the 
bituminous  road  and  the  Portland  cement  concrete  road. 

It  has  been  found  by  practical  experience  extending  over 
a  period  of  years  that  these  two  roads  can  be  advan- 
tageously combined.  For  example,  highway  engineers  are 
constantly  emphasizing  the  importance  of  firm  and  un- 
yielding foundations  for  roads,  it  being  conceded  that 
lacking  in  this  respect  no  type  of  road  will  endure.  No 
material  is  better  adapted  to  foundation  purposes  than 
concrete.  Confined  to  this  function  it  can  be  laid  more 
rapidly  and  at  lower  cost  than  in  the  case  of  all-concrete 
roads.  Given  a  2-in.  wearing  surface  of  asphalt  macadam 
the  concrete  is  protected  from  sudden  and  extreme 
changes  in  temperature,  and,  still  more  important,  the 
water  shedding  surface  serves  to  keep  the  moisture  con- 
tent of  the  concrete  more  constant  than  where  concrete  is 
carried  to  an  exposed  wearing  surface.  It  is  pretty  gen- 
erally conceded  that  saturation  and  subsequent  drying  of 
concrete  road  slabs  are  responsible  for  cracks,  disintegra- 
tion and  upheaval.  Where  concrete  is  covered  with  a  sub- 
stantial asphaltic  wearing  surface,  as  in  the  case  of  many 
city  streets,  park  drives,  suburban  thoroughfares  and  in 
some  instances  country  roads,  it  remains  in  place,  giving 
better  results  than  any  other  type  of  foundation. 

The  extended  mileage  of  bituminous  roads  is  proof  of 
satisfactory  service.  When  properly  constructed  they 
meet  every  traffic  requirement.  They  possess  the  resiliency 
required  for  both  horse  and  motor  traffic.  They  are  not 
transformed  into  mud  or  dust,  are  reasonable  in  first  cost 
and  in  the  case  of  exceptionably  well  built  roads  have 
sustained  traffic  for  six  to  ten  years  without  requiring  re- 
pairs. When  thoroughly  good  materials  are  used  and 
these  roads  fail,  it  is  almost  invariably  due  to  defective 
foundations. 

Thus  in  the  composite  road  the  menace  of  failure  due 
to  structural  faults  in  the  distinct  types  known  as  bit- 
tuminous  and  concrete  roads  is  largely  if  not  wholly  re- 
moved. By  combining  them  in  the  manner  described  as- 
phalt and  cement  are  permitted  to  perform  the  functions 
to  which  they  are  best  adapted,  the  first  providing  a  last- 
ing and  resilient  wearing  surface  and  the  latter  an  inde- 
structible and  solid  foundation. 
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No  type  of  road  has  a  fixed  cost  applicable  to  all  local- 
ities, but  the  following  figures  are  significant: 

In  an  article  on  paving  in  small  cities  in  Kansas,  a 
leading  engineering  journal  made  the  following  state- 
ment: 

The  p.-,ving  in  "Mewton  last  year  cost  $1.1S  per  sq.  yd.  for  a  4-in. 
cdiicrete  base  and  a  2-in.  wearing  surface  of  asphaltic  concrete.  Pave- 
ments of  this  type  in  Newton  have  been  down  for  10  years  without  re- 
patr.s  (if  any  kind. 

These  pavements  stand  the  traffic  of  a  town  of  about 
8,000  population.  The  price  given  would  mean',  in  the  case 
of  roads  16  ft.  wide,  a  little  over  $11,000  a  mile. 

In  1914  Mr.  Henry  G.  Shirley,  Chief  Engineer  of  the 
Maryland  State  Road  Commission,  rebuilt  a  section  of  Be- 
lair  road,  just  out  of  Baltimore,  putting  down  4  in.  of  con- 
crete with  concrete  curbs  and  2  in.  of  asphalt  macadam. 
This  section  is  16  ft.  wide  and  approximately  5  miles  long. 
It  cost  a  little  under  $1.3,000  a  mile— only  $450  more  per 
mile  than  the  average  cost  of  Maryland's  waterbound  ma- 
cadam roads.  A  report  received  during  the  latter  part  of 
May  stated  that  nothing  had  been  spent  for  maintenance. 
The  road  has  been  called  upon  to  sustain  the  heavy  traffic 
of  motor  trucks  as  well  as  general  traffic  to  and  from  Bal- 
timore. 

Northeast  Boulevard,  Philadelphia,  is  constructed  in 
part  with  4  to  5  in.  of  concrete  carrying  a  2-ln.  asphalt 
macadam  wearing  surface.  These  sections  were  laid  at  a 
cost  of  about  $1.25  per  sq.  yd.  Needless  to  say  they  carry 
many  times  the  traffic  of  a  country  road. 

Contracts  were  let  recently  for  the  construction  of  ap- 
proximately 40  miles  of  16-ft.  roadway  in  Monroe  county, 
Michigan,  the  specifications  calling  for  a  5-in.  concrete 
base  with  6-in.  concrete  curbs  and  a  2-in.  asphalt  macadam 
wearing  surface.  The  several  sections  were  let  at  an  aver- 
age price  of  about  $13,400  per  mile,  this  figure  including 
grading,  ditching  and  culverts. 

The  costs  quoted  show  that  the  composite  road  can  be 
built  for  less  than  many  states  and  communities  are  pay- 
ing for  miscellaneous  types  of  hard  surfaced  roads. 

Thus  it  would  seem  feasible  and  economical  for  the 
country  to  adopt  the  composite  road  as  a  standard  type. 
Construction  methods  would  be  rapidly  systematized. 
Foundations  could  be  increased  or  diminished  in  thickness 
to  m.eet  varying  traffic  requirements  without  radical  de- 
parture from  a  common  standard.  Surface  repairs  or  re- 
newals would  be  less  difficult.  Extended  mileage  of  a 
single  type  in  ^single  state  would  result  in  economies  dif- 
ficult to  obtain  in  the  construction  of  miscellaneous  types 
of  roads.  Construction  methods  would  be  simple  and  good 
results  more  certain.  Matters  would  be  simplified  for  the 
engineer  and  contractor.  Furthermore,  instead  of  having 
concrete  roads  in  competition  with  bituminous  roads,  and 
vice  versa,  there  would  be  co-operative  effort  looking  to 
the  substitution  of  the  standard  road  for  uneconomical 
macadam  roads.  The  low  initial  cost  of  the  composite 
roads  already  built  invites  effort  in  that  direction. 

Very  truly  yours, 

E.  A.  Trego. 

Philadelphia,  Pa. 


COST  OF  CUTTING  EDGE  OF  CONCRETE  WALK. 

Contributed  by  H.  R.  Ferris,  Victoria,  B.  C. 

During  the  work  on  some  street  widening  improve- 
ments, it  was  found  necessary,  in  order  to  make  room 
for  a  granite  curb,  to  trim  about  3  in.  off  the  outside  edge 
of  a  4-in.  concrete  walk,  and  for  a  distance  of  512  ft. 

Although  "trimming"  of  this  sort  frequently  occurs  on 
street  widening  jobs,  the  writer  has  never  known  costs  of 
this  sort  to  be  kept,  and  the  following  information  may 
l)e  of  use,  notwithstanding  the  small  size  of  the  item. 

The  work  was  done  by  an  unusually  good  workman, 
using  a  medium  hand  hammer  and  ordinary  cold  chisels. 

The  cost  follows : 

Foreman  markinp  and  linine  edse  of  walk,  2  hr $  1.25 

L.aborer  cutting  edge  of  walk,  24  hr 7.20 

Uemovin^  old  concrete — 

T^abor,    ■:    hr % i_20 

Teams,    1   hr .-. .\  .\ ..]'].[]......... ..[...'      .65 

$10.30 
Cost  per  lineal  foot 2  ct. 
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EARTH  ROAD  CONSTRUCTION  IN  BOX  ELDER 
COUNTY,  UTAH. 

Tractor-grader  outfits  are  being  used  extensively  in 
Utah  on  highway  work.  One  of  the  most  notable  under- 
takings with  these  outfits  was  the  construction  of  appro.xi- 
mately  100  miles  of  earth  road  in  Bo.x  Elder  County,  at 
an  average  cost  of  $275  per  mile,  not  including  bridges  and 
culverts.  This  work  was  carried  out  in  1914  by  the  State 
Road  Commission,  of  which  Mr.  E.  R.  Morgan  is  Secretary 
and  State  Road  Engineer.  The  highway  was  constructed 
over  a  virgin  soil,  sage  brush  country,  on  a  new  location 
encircling  the  north  end  of  Great  Salt  Lake.  It  extends 
southwestwardlv  from  Snowville  to  intersect  the  Nevada 


Fig.  1 — Cross  Section  of  Midland  Trail,   Box   Elder  County,   Utah. 

line  just  west  of  Lucin  and  forms  part  of  the  Midland 
Trail. 

A  good  sized  nucleus  for  the  construction  of  this  road 
was  formed  in  1913,  when  the  State  Legislature  appro- 
priated $15,000  for  the  construction  of  this  particular  link 
of  the  Midland  Trail  in  Utah.  An  additional  amount  of 
approximately  $12,500,  required  for  the  construction  of 
the  road,  was  supplied  from  the  State  Road  fund  of  Box 
Elder  County. 

A  broad  reconnoissance  of  this  road  was  made  originally 
by  automobile,  followed  by  a  rough  preliminary  survey 
which  was  made  with  a  compass  and  hand  level,  aided  by 
the  existing  government  survey.    The  final  location  short- 


Fig.   2 — Tractor-Grader   Outfit.     Fig.   3 — IVIakIng   First   Ditch   Cut.     Fig. 
4 — Road  Bed  Grading. 

ly  preceded  the  construction  of  the  road,  so  that  the 
locating  engilieer  was  able  to  inspect  the  construction  at 
reasonable  intervals.  The  location  was  chosen  preferably 
along  township  and  section  lines  in  surveyed  regions,  but 
allowed  to  meander  along  foothills  through  unreclaimed 
lands. 

The  construction  of  the  road  was  the  most  novel  feature 
of  the  undertaking.  Two  International  Harvester  Co.'s 
Mogul,   gasoline,   60-HP.  traction   engines  and  two  road 
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graders  handled  the  work  almost  exclusively.  A  cross 
section  24  ft.  wide  from  gutter  to  gutter  with  9-in.  crown 
above  the  shoulders  was  adhered  to  almost  entirely,  the 
width  of  the  road  being  increased,  however,  to  30  ft.  in 
width,  through  towns  and  settlements.  The  cross  section 
mentioned  is  shown  in  detail  in  Fig.  1. 

The  progress  of  the  grader  and  traction  work  on  the 
longer  tangents  of  the  road  amounted  to  an  average  of  1^4 
miles  per  ten-hour  day,  the  cost  being  $75  per  day,  or  a 
unit  cost  of  $60  per  mile.  The  record  run  made  on  this 
project  for  grader  and  tractor  work  was  2^2  miles  per  day 
at  the  same  rate,  amounting  to  only  $30  per  mile  of  road, 
thereby  surpassing  all  previous  records  for  speed  and 
economy  of  road  construction  in  the  State.  Surveying, 
clearing  right  of  way,  plowing  and  finishing,  however, 
amounted  to  considerable;  moreover,  many  stretches  re- 
quired team  and  hand  construction.  The  average  cost 
of  the  100  miles  of  road  was  $275  per  mile,  not  including 
bridges  and  culverts. 

Since  this  road  was  constructed  it  has  been  maintained 
in  the  following  manner:  Each  spring  a  complete  grading 
of  the  road  is  made  with  a  horse-drawn  grader.  The 
grader  travels  the  full  length  of  the  road  and  back  again. 
This  work  is  done  immediately  after  the  breaking  of 
winter,  when  the  ground  is  damp,  at  which  time  the  work 
of  the  grader  is  most  efficient.  In  addition  to  this  opera- 
tion the  road  is  dragged  after  each  rain  when  the  road 
surface  is  moist.  A  very  smooth  and  lasting  surface  is 
obtained  from  dragging  comparatively  wet  ground,  as  the 
kneading  process  seems  to  impart  a  certain  toughness  or 
increased  cohesion  power  to  the  material,  such  that  it  will 
dry  out  into  a  compact  cemented  form  which  will  not  crack 
from  the  heat  of  the  sun. 


STREET     PAVING     IN     1915     IN     MANHATTAN 
BOROUGH,  NEW  YORK  CITY. 

The  Bureau  of  Highways  of  the  Borough  of  Manhat- 
tan, New  York  City,  has  under  its  jurisdiction  about  479 
miles  of  streets.  Of  this  amount  115.33  miles  are  stone 
block,  248.92  miles  sheet  asphalt,  55.58  miles  block  as- 
phalt, 34.5  miles  wood  block,  4.5  miles  macadam  and  20 
miles  of  earth  road.  Some  interesting  data  on  the  ac- 
tivities of  the  Bureau  in  1915  are  given  in  the  annual 
report  of  Eugene  W.  Stern,  Chief  Engineer.  The  follow- 
ing extracts  are  taken  from  Mr.  Stern's  report. 

During  the  year  there  was  laid  10.6  miles  of  new  pave- 
ments, costing  $646,790,  as  follows : 

,. Quantities ^ Ccst \ 

£q.  vd.           Miles.  Per  sq.  yd.        Total. 

Granite  block    66,473               2.71  $3.74             $346,041 

Sheet  asphalt    142,347               7.45  1.68               267,734 

Block  a.<fphalt    915              O.OB  2.47                  2,760 

Woorl  block    6,025               0.30  3.12                30,25.=; 

Total    215,760  10.60         $646,790 

During  the  year  1915  there  was  an  average  of  335.25 
miles  of  street  pavements,  which  were  out  of  guarantee 
and  were  maintained  by  the  Bureau  of  Highways  at  a 
cost  of  $440,666  as  follows : 

,. Quantities >,  / Cost ^ 

Sq.  yd.  Miles.  Per  sq.  yd.  Total. 
Granite    and    other    kinds    oT 

stone   pavement    2. .545, 511  115.33  $0,081  $206,968 

Sheet    asphalt    3.097,584  165.03)  0.069  225,637 

Block   a.sphalt    1,061,124  45.14  ] 

V.'ood    bkck    87,734  5.24  0.044  3,926 

Macadam     83.917  4.51  0.053  4.135 

Total    6,875,870  335.25  $440,666 

The  experience  gained  in  this  and  the  other  boroughs 
of  the  city,  also  from  a  thorough  study  of  the  problem  in 
all  its  phases  both  in  this  Bureau,  has  simplified  the  se- 
lection of  the  best  pavements  for  this  borough.  Granite 
gives  the  best  results  for  heavy  traffic  business  streets; 
sheet  asphalt  for  light  traffic  streets  and  those  thorough- 
fares on  which  the  traffic,  although  comparatively  heavy, 
is  confined  largely  to  moderate  weight  vehicles  on  rub- 
ber-tired wheels,  and  wood  blocks  for  streets  with  heavy 
traffic  where  it  is  essential  to  have  quiet  on  account  of 
schools,  court  houses,  high  office  buildings,  etc. 

The  wearing  surface  of  a  pavement  is  dependent  for  its 
life,  continuity  of  surface  and  freedom  from  defect  upon 
the  character  of  the  base  upon  which  it  rests.  In  recent 
years  all  pavements  have  been  laid  on  a  6-in.  concrete 
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base  and  the  question  is  often  raised  as  to  the  desirabil- 
ity of  increasing  this  depth  on  account  of  heavy  traffic 
and  to  provide  sufficient  strength  in  the  base  to  span  set- 
tlements, caveins  and  shrinkage  in  the  subgrade.  Inves- 
tigation of  the  failures  in  concrete  foundations  in  this 
city  shows  that  unless  there  is  reason  to  believe  that  the 
subgrade  is  a  recent  fill,  6  ins.  is  adequate  and  is  able 
to  support  the  pavement  under  normal  loads. 

The  policy  of  providing  all  main  thoroughfares  and  the 
better  class  of  residence  streets  with  granite  curbing  and 
less  important  streets  with  bluestone  has  been  continued. 
All  corner  curbs  and  headers  are  of  granite. 

The  changing  of  curb  corners  from  G-ft.  radii  to  r2-ft. 
radii  has  proven  to  be  of  such  great  advantage  that  the 
practice  has  been  continued  and  is  required  wherever  the 
curb  is  disturbed  by  repaving,  building  operations  or 
sidewalk  renewals. 

The  introduction  of  basins  and  inlets  away  from  the 
corner  at  the  building  line  has  been  continued  with  re- 
sultant improvement  in  drainage,  dry  crosswalks,  shal- 
lower gutters  and  the  abolition  of  the  old  corner  receiv- 
ing basin  with  its  gaping  jaws  and  offensive  odors. 

The  concrete  foundations  under  all  types  of  pavement 
laid  in  1015  were  G  in.  thick,  laid  in  the  proportion  of 

1  of  Portland  cement,  3  of  sand  and  6  of  broken  stone. 
Great  care  has  been  given  to  the  preparation   of  the 

subgrade,  and  very  close  attention  has  been  given  to  the 
composition  and  mixing  of  concrete  for  the  base.  Ag- 
gregates are  required  to  be  well  graded  from  fine  to 
coarse  and  the  mixing  must  be  thoroughly  done  in  a  re- 
volving batch  mixer,  20  revolutions  of  the  mixer  as  a 
minimum  being  specified  and  insisted  upon.  The  result 
has  been  a  very  high  grade  concrete  base,  fully  up  to  the 
best  standards  of  present  day  practice. 

The  Bureau,  continuing  its  fixed  policy  of  getting  the 
best  pavements  possible,  has  made  further  progress  to- 
wards obtaining  the  ideal  granite  pavement  by  making 
certain  improvements  in  the  details  of  construction  dur- 
ing 1915. 

As  a  result  of  careful  investigation  of  the  physical 
condition  of  our  most  recently  constructed  granite  pave- 
ments, it  was  decided  to  make  some  important  changes 
in  the  specifications  in  order  to  effect  still  further  im- 
provements. 

Until  recently  sand  has  been  used  exclusively  as  a  bed 
under  granite  pavements.  Experience  has  proven  that 
where  openings  had  been  made,  there  were  places  where 
water  would  percolate,  causing  a  sinking  of  the  blocks 
into  the  sand  bed.  This  also  happened  where  the  crown 
of  the  pavement  being  flat,  and  slightly  uneven,  was  pre- 
vented from  drainage  off  promptly. 

To  obviate  the  formation  of  these  depressions  a  mor- 
tar bed.  consisting  of  1  part  Portland  cement  to  3  parts 
sand  has  been  substituted  for  the  sand  bed,  so-called 
cushion  This  has  proven  entirely  satisfactory,  and  the 
resulting  improvement  in  the  pavement  has  fully  justified 
the  change. 

For  some  time  it  has  become  apparent  that  the  paving 
pitch  for  filling  the  joints,  made  of  coal  tar,  was  not  giv- 
ing satisfaction.  At  the  end  of  even  one  year  the  joints 
would  not  remain  filled.  This  was  due  to  the  fact  that 
in  warm  weather  the  coal  tar  filler  would  soften  and 
leave  the  joints,  and  in  cold  weather  it  would  chip  out. 
When  the  joint  does  not  remain  filled,  the  paving  blocks 
will  quickly  wear  round  on  the  edges  and  soon  a  noisy 
rough  paVement  will  be  the  result. 

To  improve  this  condition,  early  in  the  year  1915  as- 
phaltic  joint  filler  was  adopted,  for  the  reason  that  it 
had  greater  tenacity,  was  less  brittle  in  cold  weather 
and  not  so  soft  in  warm  weather;  hence  promised  better. 

The  granite  block  pavement  is  laid  on  a  6-in.  concrete 
foundation,  over  which  is  spread  a  1-in.  mortar  bed.  The 
blocks  measure  from  6  to  10  in.  in  length,  3',  2  to  4V2  in. 
in  width  and  from  4^i  to  514  in.  in  depth.  They  must 
show  no  irregularities  on  the  head  of  the  block  more 
than  '4  in.  measured  from  a  straight  edge.  The  blocks 
are  laid  stone  to  stone,  and  the  joints  must  not  exceed 
_%  in.  in  width.  They  are  then  rammed  to  a  firm  bear- 
ing.   The  use  of  pinch-bars  is  not  permitted  in  the  back- 
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ramming.  A  mixture  of  fine  sand  and  paving  pitch  is 
poured  into  the  joints  until  full. 

Considerable  thought  and  investigation  have  been  de- 
voted to  the  specifications  for  wood  block,  with  the  re- 
sult that  it  is  believed  that  a  pavement  will  result  that 
will  be  free  from  the  objectionable  features  of  bleeding 
or  oozing  of  the  oil,  and  from  bulging. 

To  avoid  the  bleeding,  the  blocks,  besides  the  ordinary 
treatment  when  being  creosoted,  have  a  final  steaming 
and  vacuum  treatment,  and  the  amount  of  oil  has  been 
reduced  from  18  to  16  lb. 

To  avoid  bulging  of  the  pavement,  expansion  joints 
have  been  provided  along  the  curb,  also  a  bituminous 
filler  is  used  in  the  joints  between  the  block. 

The  blocks  under  the  revised  specification  are  4  in. 
wide  by  4Vi  in.  deep  and  vary  in  length  from  8  in.  to  12  in. 

The  foundation  is  G  in.  concrete,  over  which  is  spread 
a  ',i>-in.  mortar  bed. 

No  substantial  changes  have  been  made  in  the  asphalt 
specification.  The  penetration  has  been  lowered,  vary- 
ing from  30  to  40,  depending  on  the  traffic  conditions,  etc. 
It  is  believed  that  this  will  prevent  the  waves  and  rolls 
which  the  softer  asphalt  developed  under  intense  auto- 
mobile traffic. 

The  sheet  asphalt  pavement  consists  of  H'^-in.  close 
hinder  course  laid  on  a  6-in.  concrete  foundation.  Over 
the  binder  is  placed  a  1'2-in.  top  coat  or  wearing  surface. 
It  is  then  thoroughly  rolled  until  satisfactory  compres- 
sion is  obtained. 


METHOD     OF     CONSTRUCTING     SAND-CLAY 
ROADS  IN  GOLDSBORO  TOWNSHIP,  N.  C. 

The  following  description  of  the  methods  employed  in 
the  construction  of  a  system  of  sand-clay  roads  in  Golds- 
boro  Township,  N.  C,  is  taken  from  the  recently  issued 
proceedings  of  the  Second  Good  Roads  Institute  of  North 
Carolina: 

The  road  was  graded  true  to  grade  and  the  deep  sandy 
places  left  flat;  the  clayey  places  shaped  true  to  crown. 
On  the  sandy  foundation  there  was  placed  3  in.  of  good 
rich  clay,  spread  over  a  width  of  20  ft.  This  was  then 
plowed,  beginning  at  the  sides  and  turning  out  until  the 
entire  road  was  plowed.  Next  there  was  placed  on  the 
road  a  double  roll  disk  harrow  of  ten  disks  to  the  roll 
and  the  road  was  harrowed  until  the  material  was  thor- 
oughly pulverized,  when  it  was  again  harrowed,  begin- 
ning at  the  middle  of  the  road  and  turning  the  material 
in  until  the  entire  road  was  plowed,  care  being  taken  in 
each  instance  not  to  take  too  much  width  at  each  furrow. 
The  road  was  then  harrowed  with  the  same  disk  harrow 
as  before  until  the  material  was  thoroughly  pulverized. 
The  next  step  was  to  shape  up  the  road  with  a  road  ma- 
chine and  allow  it  to  rest  until  the  first  good  soaking  rain, 
when  it  was  thoroughly  puddled  with  a  tooth  harrow  until 
it  was  a  complete  slop,  then  allowed  to  dry  out ;  and  while 
drying  the  road  drag  was  used  to  keep  it  in  shape  until 
it  was  thoroughly  dry,  and  true  to  shape.  Over  this  there 
was  then  hauled  and  spread  3  in.  of  the  best  sharp,  coarse, 
gravelly  sand,  and  allowed  to  lie  until  the  first  rain,  when 
this  was  cut  in  with  a  disk  harrow  and  thoroughly  pud- 
dled as  before.  The  clayed  places  were  plowed  to  a  depth 
of  3  in.,  beginning  on  the  edge  and  turning  the  furrow 
out,  thoroughly  disked,  and  over  a  width  of  20  ft.  was 
placed  4  to  6  in.  of  good  sand,  sharp  and  coarse,  thor- 
oughly disked  in  and  again  plowed,  beginning  at  the  mid- 
dle and  turning  the  furrow  in  toward  the  middle  of  the 
road,  again  thoroughly  disked  until  all  the  material  was 
completely  pulverized,  shaped  true  to  section  and  allowed 
to  rest  until  the  first  soaking  rain,  when  it  was  thor- 
oughly puddled  and  then  handled  as  clay  on  sand,  as  de- 
scribed above. 

Goldsboro  is  the  center  of  trade  for  Wayne  County  and 
much  of  the  surrounding  territory.  As  these  roads  be- 
gin at  the  edge  of  Goldsboro  and  lead  to  the  township 
line,  supplying  a  well  developed  agricultural  section  be- 
yond, the  traffic,  both  on  rubber  and  steel  tires  is  very 
heavy.  During  the  heavy  rains  these  roads  have  held  up 
almost  perfectly  in  spite  of  the  heavy  traffic  coming  upon 
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them,  much  being  on  heavily  loaded  wagons  with  narrow 
tires. 


COST  OF  PLACING  53  CONCRETE  FOUNDATIONS 
FOR  ELECTRIC  LIGHT  STANDARDS. 

Contributed  by  H.  R.  Fen-is.  Victoria,  B.  C. 

The  following  information  covers  the  labor  cost  of 
placing  53  concrete  foundations  of  the  dimensions  shown 
on  the  accompanying  sketch  for  cast  iron  street  light 
standards. 

The  costs,  which  follow,  are  considered  high: 

Cost  per 

Foreman  (marljing  location,  etc.).  10  lir.  rffi  .30  ct $     5.00  ?0.09 

Labor  excav.  (pic);  and  sliovel  dirt),  52  lir.   @  30  ct 15.60  0.29 

Labor  placing  forms  and  concreting,  46  hr.-  i®  40  ct. . . ; . .     IS. 40  0.35 

Labor  placing  forms  and  concreting,  250  lir.  @  30  ct 75.00  1.41 

$114.00 

Cost  of  clean  up  and  removal  surplus  earth 25  ct.  per  base 

Distribution    (and   wastes    of   materials 18  ct.  per  base 

"Take  down"  forms  were  made  in  advance,  which,  in- 
cluding the  anchor  bolt  templates  cost  $3.25  each.    It  was 
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Concrete   Foundation  for  Electric  Light  Standard. 

found  quite  impracticable  to  separate  the  cost  of  taking 
down  and  placing  the  forms,  from  the  cost  of  the  concrete 
work.  Four  fairly  good  workmen  were  employed  on  this 
work.  The  standards  were  180  ft.  apart  and  "staggared" 
on  opposite  sides  of  the  street.  Water  for  mixing  was 
conveniently  placed  and  the  proper  amount  of  materials 
were  distributed  in  place. 


MILEAGE  AND  TYPES  OF  ROAD  SURFACES  IN 
MIDDLE  ATLANTIC  STATES. 

Interesting  figures  on  road  expenditures  and  road  con- 
struction in  the  states  of  New  Jersey,  New  York  and 
Pennsylvania  are  given  in  a  recently  issued  bulletin  of 
the  U.  S.  Department  of  Agriculture.  According  to  this 
the  total  road  expenditures  in  these  three  states  in  1914 
was  $40,864,831,  divided  up  as  follows:  New  York,  $23,- 
231,964;  New  Jersey,  $7,208,287;  Pennsylvania,  $10,- 
424,580. 

The  total  road  mileage  in  the  three  states  to  Jan.  1, 
1915,  was  185,770.84,  of  which  31,516.23  miles,  or  16.9  per 
cent  of  the  total,  were  surfaced.  This  does  not  include 
streets  in  incorporated  cities  and  towns,  except  a  few 
miles  in  New  York  and  Pennsylvania  where  the  State 
roads  pass  through  the  small  towns  and  boroughs.  By 
comparing  these  figures  with  former  investigations  in  the 
same  States,  it  appears  that  between  1909  and  1914,  11,- 
942.80  miles,  or  6.4  per  cent  of  the  total,  were  surfaced. 
Table  I  summarizes  all  of  the  available  information  con- 
cerning road  mileage  for  the  three  States. 


TABLE  L— ROAD  MILKAGE,   1909  AND  1914. 
Miles 


State. 
New    York.. 
New   Jersey. 
Pennsylvania 


Total  road 
mileage. 
. .      T9.39S 
. .      14.817 

.      91.556 


Miles 

surfaced. 

15.635 

5,897 

9,982 


surfaced 

from  1909 

to  1914. 

2.S4S 

2.475 

6,618 


Percentage 
surfaced. 
1909.  1914. 

16.13  19.6 

22.76  39.8 

5.S4  10.9 


Increase 

over  1909 

Per 

cent. 

3.5 

17.0 

7.0 


TDtal     185,770 


31,516 


11,492 


14.91 


1G.9 


6.4 


A  diagram   (Fig.  1)   shows  the  percentage  of  surfaced 
roads  for  these  States  at  the  close  of  the  years  1904,  1909, 


and  1914.  This  diagram  shows  in  a  striking  manner  the 
strides  which  have  been  made  during  the  past  10  years  in 
road  construction  in  these  States. 

The  bulletin  also  gives  some  interesting  statistics  on 
the  changes  in  the  types  of  road  surfacings  during  the  10- 
year  period,  1904-1910.  Of  the  10,485  miles  of  surfaced 
roads  in  the  Middle  Atlantic  States  in  1904,  approximately 
60  per  cent  was  plain  macadam  and  40  per  cent  was 
gravel.  In  1909,  of  the  19,532  miles  of  surfaced  road,  51 
per  cent  was  macadam,  47  per  cent  gravel,  1  per  cent 
bituminous  macadam,  and  1  per  cent  other  materials.  In 
1914,  however,  of  a  surfaced  mileage  of  24,482,  39.3  per 
cent  was  macadam,  36.3  per  cent  gravel,  15.4  per  cent  bi- 
tuminous macadam,  3.8  per  cent  brick  and  concrete,  and 
5.2  per  cent  of  other  materials.  It  should  be  stated,  how- 
ever, in  this  connection  that  the  24,482  miles  do  not  repre- 
sent the  total  mileage  of  surfaced  roads  in  1914,  as  in  the 
case  of  Pennsylvania  it  was  impossible  to  secure  detailed 
information  regarding  the  type  of  surfaced  roads  in  sec- 
ond-class townships.  The  decrease  in  the  percentage  of 
macadam  roads  from  51  per  cent  in  1909  to  39.3  per  cent 
in  1914  was  due  to  the  fact  that  many  of  these  roads  have 
been  surface-treated  and  are  now  classed  as  bituminous 
macadam  or  bituminous-treated  roads. 

Of  the  11,942.8  miles  surfaced  from  the  close  of  1909 
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Fig.    1 — Percentage   of  Surfaced    Road    in    New   York,    New   Jersey    and 
Pennsylvania. 

to  the  close  of  1914,  9,629.82,  which  excludes  second-class 
township  roads  in  Pennsylvania,  are  classified  as  follows: 
3,539.15,  or  37  per  cent,  were  treated  with  bitumen  in  some 
form;  1,992.75,  or  20.5  per  cent,  were  piain  macadam;  2.- 
501.32,  or  26  per  cent,  were  plain  gravel;  485.95,  or  5  per 
cent,  were  brick  or  concrete;  and  1,110.65,  or  11.5  per 
cent,  were  of  other  materials.  This,  states  the  bulletin, 
indicates  conclusively  that  in  the  sections  of  country 
where  heavy  automobile  traflic  prevails,  the  old  standard 
type  of  waterbound  macadam  has  had  its  day. 

Detailed  information  on  the  mileage  of  improved  sur- 
faces, by  years  and  States,  is  shown  in  Table  II. 

TABLE  IT.— PERCENTAGE  BT  TYPES  OF  SFRFACED-ROAP 


MILEAGE. 

Other 

Mac- 

Bitumi- 

Con- 

mate- 

.State.                   Year. 

adam. 

Gravel.      nous. 

Brick. 

crete. 

rials. 

'evv    York 1904 

37.2 

62.8 

1909 

36.1 

63.9 

1914 

38.0 

37.1           20.0 

1.0 

1.6 

2.2 

'eu    .Jersey 1904 

75.4 

17.2 

1909 

76.S 

17.0            6.2 

1914 

30.7 

48.3             7.0 

4.3 

9.5 

emisylvania    . . .   1904 

lODO 

1909 

82.1 

13.0 

4.9 

1914 

163.9 

17.9           16.7 

19.1 

=12.4 

'State  higiiways  only. 

^Concrete,  stone  block. 

flint,  a 

nd  stone. 

OPPORTUNITIES  IN  KENTUCKY  FOR  ROAD  AND 
BRIDGE  CONTRACTORS. 

The  1914  session  of  the  State  Legislature  of  Kentucky 
passed  a  law  giving  State  Aid  to  the  building  of  roads 
and  the  inter-county-seat  system  was  adopted.  It  is  esti- 
mated that  the  total  work  of  the  inter-county-seat  system 
will  be  something  around  6,000  miles  and  that  the  cost 
will  be  something  like  $30,000,000. 

In  1915  contracts  were  let  for  approximately  800  miles 
of  road,  some  450  miles  of  which  were  completed  during 
the  year  at  a  cost  of  $1,400,000. 

During  1916  to  date  contracts  have  been  let  for  about 
500  miles  at  a  cost  of  something  like  $2,000,000  including 
culverts  and  bridges.    Due  to  the  fact  that  the  work  is  to  , 
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be  done  under  engineers'  supervision,  which  has  encour- 
aged the  voting  of  bonds  for  the  building  of  roads,  some 
;:!0  odd  counties  have  voted  bonds  aggregating  over  .^(j.OOO,- 
000.  It  is  the  hope  of  the  Department  of  Public  Roads 
that  the  work  of  1917  will  be  let  early  in  the  spring  in 
order  that  it  may  be  completed  during  the  season.  Owing 
to  the  fact  that  so' many  of  the  counties  who  have  voted 
bonds  will  let  a  great  deal  of  work  during  next  year,  it  is 
believed  the  road  work  in  this  State  next  year  will  amount 
to  about  $4,000,000. 

All  types  are  being  built  and  prices  for  the  work  vary 
in  different  sections  of  the  State  depending  on  the  avail- 
ability of  material,  etc.  As  a  rule  labor  is  plentiful  in 
Kentucky  and  it  has  been  found  that  best  results  can  be 
gotten  with  local  labor. 

All  drainage  structures  up  to  30-ft.  span  are  built  of 
reinforced  concrete,  beyond  that  steel  truss  bridges  are 
usually  built  with  either  masonry  or  concrete  substruc- 
ture. Rodman  Wiley,  Frankfort,  Ky.,  is  State  Commis- 
sioner of  Public  Roads. 


SAND  SPREADER  FOR  STREET  OILING. 

The  sand  sprinkler  shown  in  the  accompanying  illus- 
tration is  being  used  with  excellent  success  by  the  city  of 
Victoria,  B.  C,  in  connection  with  its  street  oiling  work. 
The  hopper,  made  in  the  city's  machine  shop,  was  at- 
tached to  the  rear  of  the  motor  truck.'  This  hopper  feeds 
onto  a  circular  plate  rotated  by  bevel  gears  and  a  chain 
and  sprocket  drive  from  the  rear  axle  of  the  machine.  Two 
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1st.  The  road  must  not  have  much  crown;  indeed,  must 
be  practically  flat,  and 

2nd.  The  edges  must  be  constructed  particularly  strong, 
so  that  vehicles  passing  off  to  one  side  or  returning  again, 
will  not  cause  the  margins  of  the  pavement  to  be  broken 
down. 

When  traffic  has  increased  so  that  a  road  9  ft.  in  width 
is  sufficient  to  accommodate  conveniently  its  users,  the 
additional  width  necessary  to  be  laid  down  is  something 
which  has  been  a  matter  of  very  great  dispute  and  con- 
troversy, and  total  widths  varying  from  12  ft.  to  20  ft. 
have  been  adopted.  I  have  been  impressed  with  the  be- 
lief that  a  16-ft.  roadway  is  the  minimum  width  to  be 
considered  and  that  an  18-ft.  roadway  is  by  far  the  pre- 
ferable width.  Many  persons  hold  that  with  a  good 
berme,  the  16-ft.  roadway  is  ample.  There  are  several  rea- 
sons why  that  width  under  present  conditions,  seems  to 
me  to  be  too  narrow. 

1st.  It  is  difficult  to  construct  a  safe  berme  at  the  time 
of  first  constructing  our  country  pavements.  The 
ground  is  too  soft  to  hold  the  load  that  passes  upon  it, 
and  if  perchance  in  time  the  ground  becomes  sufficiently 
firm  and  a  fair  stand  of  grass  grows  upon  the  berme, 
when  any  vehicle  passes  from  the  pavement  upon  the 
grass,  if  the  grass  is  the  least  bit  wet,  the  tendency  is  to 
cause  the  vehicle  to  skid  and  pass  into  the  ditch. 

2nd.  Another  reason  is  that  on  our  motors  we  are  now 
using  almost  exclusively  the  left  drive,  and  passing  to  the 
right.  The  result  is  that  the  driver  cannot  see  clearly  and 
easily  the  relation  of  the  right  wheels  to  the  margin  of 


Fig.   1 — Sand   Sprinkler,   Victoria,    B.   C. 

men  are  stationed  in  the  truck  to  keep  the  hopper  filled 
with  sand.  The  wrought  iron  whirling  plate  is  30  in.  in 
diameter  and  is  divided  into  four  sectors  by  angle  iron 
plates,  forming  vertical,  radial  ridges,  which,  as  the  plate 
revolves,  act  in  the  same  way  as  the  vanes  of  a  centrifugal 
pump  and  cast  the  sand  outward  upon  the  road  surface  in 
the  form  of  an  evenly  distributed  shower.  The  sprinkler 
will  spread  sand  over  a  10-ft.  width  of  roadway.  When 
the  truck  travels  at  the  rate  of  3  miles  per  hour  the  disk 
rotates  at  a  speed  of  285  r.  p.  m. 


WIDTH  AND  FINAL  DEVELOPMENT  OF  PAVED 
COUNTY  HIGHWAYS  SUITED  TO  WEST- 
ERN WASHINGTON.* 

Where  the  number  of  vehicles  passing  in  a  given  time 
is  relatively  small,  roads  may  be  built  and  pavements  laid 
simply  to  suit  the  convenience  of  one  vehicle,  with  turn- 
outs or  passing  places,  constructed  at  reasonable  intervals, 
and  in  the  matter  of  economy  both  of  original  construc- 
tion and  of  maintenance  to  so  build  is  in  accordance  with 
good  sound  sense.  Roads  so  built  should  probably  have  a 
width  of  approximately  9  ft.  and  on  such  roads  two  ele- 
ments must  be  carefully  considered: 

.  *-\^stract  of  a  paper  presented  at  the  recent  general  convention  of 
IT  *i.i.  ^shinKton  County  Commis'sioners  and  County  Engineers  by  R. 
•  I.   Ihompson,  Consulting  Engineer.  Seattle,  Wash. 


Fig.   2 — Sand   Sprinkler   in    Action. 

the  pavement,  and,  therefore,  hesitates  to  drive  sufficiently 
far  from  the  center  of  the  road  to  permit  proper  passing. 
On  meeting  heavy  freight  trucks,  the  truckman,  unable 
to  gage  his  relation  to  the  margin,  and  fearing  the  ditch, 
tends  to  hold  too  far  toward  the  center  of  the  road  and 
forces  the  passenger  motor  off. 

3rd.  The  third  reason  is  an  element  in  the  structure 
of  the  pavement,  itself.  Where  the  pavement  is  narrow 
and  the  heavy  load  is  compelled  to  seek  a  line  close  to  the 
outer  margin  of  the  pavement,  there  is  great  danger  of 
breaking  down  the  edge,  and,  in  particular,  if  the  heavy 
load  passes  from  the  pavement  to  the  berme  and  returns 
again,  the  tendency  is,  and  the  almost  certainty  exists, 
that  in  returning,  portions  of  the  edge  of  the  pavement 
will  be  broken;  and  it  is  notoriously  more  difficult  to 
maintain  and  repair  the  margins  of  the  pavement  than  the 
center. 

Taken  all  in  all,  therefore,  I  am  inclined  to  recommend 
the  width  of  18  ft.  as  the  minimum  width  of  road  surface, 
where  the  traffic  is  such  as  to  render  a  road  of  a  greater 
width  than  9  ft.  a  reasonable  necessity,  and  in  such  case, 
the  outer  margins  should  receive  special  treatment  to  se- 
cure requisite  strength. 

The  tendency  in  modern  engineering  appears  to  be  to 
build  a  road  with  the  least  possible  crown  so  that  the 
travel  may  be  borne  with  equal  ease  on  all  parts  of  the 
road.    This  custom  follows  the  use  of  our  smooth  and  im- 
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pervious  pavements.  The  maximum  crown  advocated  at 
present,  is  about  1  in  50,  or  practically  2  in.  in  8  ft.  With 
a  smooth  surface  roadway,  even  this  crown  sometimes  ap- 
pears to  be  higher  than  need  be.  After  testing  out  the 
convenience  of  driving  on  transverse  slopes  of  different 
rates,  I  am  inclined  to  the  belief  that  on  a  roadway  18  ft. 
in  width,  that  a  transverse  slope  of  1  in.  in  9  ft.  is  suffi- 
cient. 

Every  phase  of  the  question  of  a  crown,  how  much,  how 
curved,  and  how  to  be  proportioned,  is  fraught  with  diffi- 
culty and  I  have  almost  made  up  my  mind  to  recommend 
that  in  roadways  of  18  ft.,  in.stead  of  a  circularly  crowned 
roadway,  the  road  be  sloped  in  planes  from  the  center  to 
the  side,  having  as  I  have  said,  a  total  drop  of  1  in.  in 
9  ft. 

In  the  State  of  Washington  the  public  mind  seems  at 
the  present  time  to  have  adopted  as  pavements  for  country 
roads  about  the  following  classes: 

1st.  Some  form  of  asphaltic  composition  laid  on  a 
crushed  rock  or  macadam  base.  So  far  as  I  can  learn,  a 
length  of  about  18  miles  of  this  class  of  pavement  is  being 
built  on  the  country  roads  in  the  state  this  year. 

2nd.  Asphaltic  top  on  cement  concrete  base.  Of  this 
top  of  asphaltic  composition,  so  far  as  I  can  learn,  about 
31  y2  miles  of  country  road  pavements  are  being  laid  this 
year. 

3rd.  Vitrified  brick,  laid  in  various  manners,  in  part 
on  sand  cushion,  and  in  part  monolithic.  All  told,  of 
vitrified  brick  pavements,  I  understand  there  are  being 
laid  down  on  country  roads  this  season,  about  421^2  miles. 

4th.  Cement  Concrete  Pavements:  These  pavements 
are  of  two  types,  single  course  and  double  course.  I  have 
no  definite  figures  as  to  the  particular  amount  of  each 
type  being  laid  down,  but,  so  far  as  I  can  gather  the  sta- 
tistics, there  are  about  151 V2  miles  of  cement  concrete 
pavements,  being  constructed  in  the  State  of  Washington 
on  country  roads  this  year. 

The  average  costs  of  these  various  types  of  pavements, 
so  far  as  I  have  been  able  to  collect  them,  have  been  as 
follows: 

Per  mile. 

Asphalt  on  crushed  rock  base $16,300 

Asphalt  on  concrete  base 15,300 

Vitrifiefl    brick    25,500 

Concrete 12,300 

Almost  every  well  located  country  paved  roadway  must, 
in  a  very  short  time,  provide  a  foot  path  or  sidewalk  for 
the  children  going  to  and  from  school  as  well  as  for  other 
pedestrians,  such  foot  path  to  be  separated  from  the  main 
pavement  by  some  form  of  guard  or  railing.  The  greater 
the  thoroughfare,  the  more  the  necessity  of  caring  for  the 
pedestrian.  We  must  also  provide  what  might  be  termed 
a  "bridle  path"  which  means  either  an  earthen  roadway 
or  a  slightly  gravelled  roadway,  on  which  horses,  sheep 
and  cattle,  being  moved  from  one  place  to  another,  can 
travel  in  comfort  and  safety. 

The  question  comes,  what  width  must  be  secured  for 
rights  of  way?  Taking  into  consideration,  paved  high- 
way, bridle  path,  foot  path,  ditches,  and  perchance,  some 
shade  trees,  nothing  less  than  50  ft.,  and,  probably  bet- 
ter, 60  ft.,  should  be  had.  For  instance,  I  would  say: 
That  in  all  cases  where  a  country  road  may  ever  develop 
into  a  thoroughfare,  that  right  of  way  should  be  secured 
for  a  final  paved  roadway  of  at  least  26  ft.,  with  not  less 
than  1  ft.  on  each  side  as  a  shoulder  between  the  pave- 
ment and  the  edge  of  the  ditch,  and  a  space  of  3  ft.  on 
each  side  for  ditch.  For  foot  path  between  the  ditch  and 
fence  line,  we  should  have  8  ft.,  because,  as  time  goes  on, 
we  will  have  some  shade  trees,  and  for  bridle  path,  across 
the  road  from  the  foot  path  and  outside  of  the  ditch,  we 
should  have  at  least  12  ft.,  and  to  make  a  definite  separa- 
tion of  the  bridle  path  from  the  pavement,  it  is  advisable 
to  plant  a  row  of  trees  near  the  ditch.  Separated  thus  by 
a  row  of  trees,  this  makes  the  bridle  path  more  like  a  lane, 
and  When  the  cattle  or  horses  or  sheep  have  once  found 
their  course  on  the  softer  ground  and  in  what  appears  to 
be  a  lane,  the  tendency  is  to  maintain  that  course  and 
leave  the  paved  roadway  free.  These  widths  which  1  have 
specified,  aggregate  54  ft.  It  is  not  always  necessary  or 
convenient  or  expedient  that  either  the  foot  path  or  bridle 
path  be  maintained  at  the  same  level  as  the  surface  of  the 
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pavement.  Where  examination  shows  that  it  is  expedient 
to  construct  these  at  a  different  level,  a  wider  right  of  way 
may  have  to  be  obtained,  so  that  in  many  instances,  a  prop- 
er right  of  way  for  country  paved  roadways  will  not  have 
parallel  sides,  but  will  have  sides  of  varying  widths  de- 
pendent upon  necessity  and  convenience,  and  in  many 
cases  on  first  construction  the  pavement  should  not  be 
placed  in  the  center  of  the  right  of  way. 


CALIFORNIA  METHOD  OF  PONDING  CONCRETE 
ROADS. 

California  was,  we  believe,  the  first  state  to  practice  the 
flooding  of  the  finished  concrete  pavement  with  a  view  to 
keeping  moisture  present,  to  enable  the  concrete  to  ac- 
quire strength  and  hardness  under  proper  conditions. 

Even  where  water  is  obtainable  for  use  in  this  manner 
it  is,  of  course,  desirable  to  prevent  unnecessary  loss. 
This  is  particularly  true  in  hot  climates,  where  evapora- 
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View   Showing    Longitudinal    Dike. 

tion  is  rapid  and  where  scarcity  of  water  more  often  pre- 
vails. 

The  original  method  of  diking  roads  in  California  has 
been  improved  upon  by  adding  an  additional  longitudinal 
dike  near  the  edge  of  the  concrete,  as  shown  in  an  accom- 
panying view.  This  prevents  unnecessary  loss  of  water 
and  gives  double  assurance  that  concrete  will  be  covered 
at  the  crown  of  the  pavement  as  well  as  at  the  sides.  These 
two  precautions  are  very  essential  and  the  added  dike 
seems  to  make  the  desired  ends  more  certain. 


DOUBLE  COURSE  BRICK  PAVEMENT. 

An  old  brick  pavement  with  an  8-in.  gravel  foundation 
on  one  of  the  heaviest  traffic  streets  of  Muscatine,  la.,  was 
reconstructed  at  a  cost  of  40  cts.  per  sq.  yd.  The  follow- 
ing account  of  the  methods  used  is  taken  from  the  recently 
issued  Proceedings  of  the  Iowa  Engineering  Society: 

The  brick  were  loosened  and  the  best  brick  were  placed 
at  the  side  of  the  street.  Then  a  space  at  one  end  of  the 
street  10  ft.  in  width,  running  transversely  across  the 
street,  was  cleared  of  all  bricks  and  bats  and  a  sand  bed 
made  to  form  the  crown  of  the  pavement.  Upon  this  sand 
bed  the  remaining  bricks  upon  the  street  were  laid  flat, 
whether  they  were  half,  quarter  or  badly  worn  whole 
bricks.  After  this  it  was  merely  a  matter  of  preparing 
the  sand  bed  and  using  up  the  remaining  old  brick  which 
were  near  at  hand  on  the  street,  laying  them  flat  until  the 
other  end  of  the  street  was  reached. 

In  the  meantime  another  gang  of  workers  were  spread- 
ing a  sand  filler  and  bed  ^^  in.  in  thickness  on  the  bricks 
which  had  been  laid  flat.  Upon  this  second  sand  bed  the 
wearing  surface  of  brick  was  laid,  using  all  of  the  best 
brick  taken  from  the  street  and  supplying  new  brick 
where  necessary.  Elastic  joint  filler  %  in.  in  thickness 
was  placed  every  25  ft.  transversely  and  along  the  curbs 
longitudinally  and  the  surface  of  the  pavement  thoroughly 
rolled,  after  which  the  joints  were  flushed  with  cement 
grout.  Most  of  the  brick  from  the  quarter  to  the  curbs 
were  as  good  as  the  day  they  were  laid  and  it  was  only 
necessary  to  raise  the  crown  of  the  pavement  2  in.  at  the 
center  of  the  street  and  lower  the  base  at  the  curbs.  No 
material  was  hauled  off  the  street  except  a  few  small 
pieces  of  brick. 
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THE   DESIGN  OF   FLAT  ARCH  CORRUGATKD   IRON 
CULVERTS  FOR  USE  UNDER  PAVED  SEREETS. 

Contributed  by  J.  Akien  (Jriffln.  Consulting  Engineer.  Los  Angeles,  Cal. 

It  is  comparatively  recent  that  the  manufacture  of  an 
iron  of  a  very  high  degree  of  purity  has  been  accomplished, 
thus  accounting  for  the  general  lack  of  data  on  the 
longevity  thereof  when  used  in  such  structures  as  culverts 
and  storm  sewers.  With  the  data  available  from  the 
Bureau  of  Industrial  Research,  Washington,  D.  C,  I  pre- 
pared a  specification  which  I  believe  will  secure  (within 
the  limits  of  economy)  an  iron  fully  capable  of  resisting 
corrosion  for  a  great  many  years,  thus  warranting  its  use 
under  paved  streets  without  the  fear  of  having  to  replace 
it  every  few  years.  The  following  are  the  principal  re- 
quirements of  the  specification  together  with  my  recom- 
mendations on  the  design  and  construction  of  flat  arch 
culverts  as  made  for  the  city  of  Los  Angeles: 

The  corrugated  iron  sheets  used  in  the  construction  of  culverts  shall 
ite  thoroLighU'  galvanized  with  not  less  than  2  oz.  of  zinc  spelter  to 
Ihe  square   loot;    the  zinc  spelter  to  be   applied  before   the   sheets  are 
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span  with  a  5-in.  rise.  Through  a  misunderstanding  the 
supporting  angles  for  the  test  culvert  were  placed  at  right 
angles  to  the  springing  line  of  the  arch  instead  of  per- 
pendicular to  the  ends  of  the  arch,  which  of  course  was  a 
great  detriment  to  the  test  piece  as  only  a  very  small  por- 
tion of  the  arch  iron  had  contact  with  the  angle  which 
permitted  the  elongation  of  the  arch  and  accompanying 
deflection  under  the  load.  The  metal  used  was  American 
Ingot  Iron,  No.  10  gauge.  The  load  was  1,096-lb.  per  inch 
width  of  tire,  or  eciuivalent  to  more  than  30-ton  road 
roller.  The  arch  was  covered  with  1  in.  of  concrete, 
which,  due  to  the  haste  in  which  the  test  was  made,  was 
not  thoroughly  set  and  crumbled  up  when  the  load  came 
on  it  with  no  asphalt  covering  to  help  distribute  it.  The 
arch  as  described  deflected  under  the  wheel  approx.  5/16 
in.  to  -'g  in.  and  regained  its  original  position  with  the 
exception  of  1/16  in. 

The  conclusions  I  drew  from  the  test  and  upon  which 
I  based  my  design  for  a  standard  plan  are  as  follows: 

(1)     That  the  minimum  rise  to  the  span  should  be  as 
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Fig.   1 — Details   of   Flat  Arch   Corrugated   Iron   Culverts   Under   Streets. 

corrugated,  and  after  being  corrugated  the  sheets  shall  show  no  signs  6  in.  in  45  in.    For  table  of  "rise  and  radius"  for  different 

of  cracking  or  blistering.     The  corrugations  shall  be  standard,   2^  In.  rn    1. 1      xt       t 

in  width  and  14  in.  in  depth.     The  sheets  shall  be  of  the  gage  shown  SpanS  See    laole  No.   1. 
on   the  plans  and   the  iron   of  a  high   grade  character,  containing  not  /o  ,       TViof    fV,o    .^Ivii'v^i,.^    tlnJ^l^v.^^,,    ^f   »^»4^n1    ..»..]»»    «.l,« 

less  than  99.S  per  cent  pure  iron,  taking  into  account  the  following  (2)      I  hat  the  minimum  thickness  of  metal  Under  the 

impurities  in  the  order  of  their  importance:     Copper,  carbon,  mangan-  roadway  should  be  No.   10  gauge   iron.      The  thickness   Un- 

ese.  sulphur,  oxygen,  phosphorous,  silicon,  nitrogen  and  hydrogen,  the  .1  11     i.    •         t.      i  j         r 

total  content  of  which  shall  not  exceed  .2  per  cent,  and  the  maximum  uer  the  WalK  being   DCSt  made  01   ISO.   14. 

.^Uowable  percentage  for  any  one  impurity  to  be  limited  to  the  follow-  (^3)       -j-j^^^   |.j,e   corrugated    iron    should   be    Covered   with 

Percent  not  less  than  IVi  in.  of  wearing  surface  and  l'-^   in.  of 

Copper,   not  more  than 060  .  1.    ij.  i.-     j 

Carbon,  not  more  than 040  Concrete,  or  asphalt  binder, 

.sulphur'^^nVm^rTtha'n.''.":::::::::::::::::;:^  :o4o       (4)    That  the  angle  iron  skewbacks  should  be  placed 

<'>xygen,'  nitrogen,  hydrogen,  not  more  than  (estimated) 035  to  bear  as  squarelv  as  possible  against  the  ends  of  the  arch 

Phosphorus,  not  more  than 040  .  •j'aj'tti  ■■  j.  ^  ^ii 

Silicon,  not  more  than oir,  iron  as  indicated  in  l<ig.  1,  exercising  great  care  to  get  the 

Provided  the  sum  total  of  all  the  impurities  shall  not  exceed  .2  per  spans    and    the    pitch    of     the     angles     exactly     the      Same 

cent  as  above  specified.  •■>  i.       i  i.-  j?  i.i  i         ^    .  -,        ±  t 

All  joints  in  the  arch  metal  shall  be  lapped  not  less  than  one  cor-  throughout  any  section   Of  the  CUlvert  in   Order  to   prevent 

["olfareh  wher'^s"  ^ndfcltlf on' the  plans.  "^  ""^  '"""'  ''"''"'''  ^^  ^"^  ^^l  ^'^''"^  °^  springing  of  the  iron  under  the  load.   Figure 

The  ends  of  flat  culverts  under  sidewalks  are  to  be   faced  with  a  2  giveS   details   for  Cutting   SCreeds   for  placing  the   angles 

!ijxH4xVJ  in.  angle  iron,  bent  to  the  curve  of  the  arch,  riveted  thereto  .        j:ff„_„„i  „_„„„  i-  o  =. 

and  embedded  flush  with  the  face  of  the  curb.  lOr  Girtereni  SpanS. 

In  deciding  on  the  proper  design  for  culverts  of  this  (5)  That  in  placing  railway  tracks  over  a  culvert  the 
type  to  be  used  under  paved  streets,  several  important  sidewalls  should  be  built  up  of  concrete  or  wood  to  sup- 
points  came  up  which  required  considerable  study,  es-  port  the  track  and  sufficient  of  the  arch  cut  away  to 
pecially  in  regard  to  the  heavy  loads  now  carried  by  the  permit  the  rails  to  pass  through  instead  of  allowing  the 
larger  trucks  and  the  maintenance  of  light  or  shallow  rails  to  rest  on  or  come  in  contact  with  the  arch  iron  as 
curb  faces,  which  meant  that  either  the  crown  of  the  the  vibration  from  the  cars  would  be  detrimental  to  the 
arch  would  have  to  be  very  near  the  surface  of  the  road-  paving. 

■way  or  the  arch  very  flat  in  order  to  get  much  waterway  (6)     That  the  bottom  of  the  rails  may  be  placed  about 

area  in  the  culvert:   What  should  be  the  minimum  rise  to  1  in.  below  the  top  of  the  arch  without  interfering  with 

the   span?     What   thickness    of   metal    should   be    used?  the  flow,  as  the  capacity  will  be  maximum  when  the  sur- 

Should  the  metal  be  covered  wuth  concrete  and  if  so,  what  face  of  the  water  is  about  li^  in.  down  from  the  corruga- 

should  be  the  minimum  allowable  thickness  in  order  that ——— 

the  elasticity  of  the  metal  would  not  be  so  great  as  to  ''^■^^^^^  i.-^xlues  of  s.  Sj^-^?^'"  R^i|e  and  radius  for  com- 

crack    the    asphalt    and    allow    disintegration     to      set     in  clear  span  S.  Arch  span  S,.'         Arch  rise  R.  Radius  of  arch 

through  the  action  of  water  thereon?    What  cross-section  ^»'- 1"-  ^- ?"•  ^"-  i"- 

^  2     0  ^     S  3  32 

for  culvert  would  be  best  adapted  to  meet  the  above,  min-  2    3  2    6  s  39 

imize  labor  and  friction  resistance  to  flow  and  yet  be  of  I    I  so  1^  45 

sufficient  strength?  5   2  3   3  4  t/ig  45 

After  con.-^iderable  deliberation  on  the  above  I  decided  .i    r  39  6  i/32  45 

to  test  a  flat  arch   under  the  heaviest  loads  carried  by  ^    I  \   ^  «  15/16  45 

trucks  in  Los  Angeles,  which  I  did  by  having  constructed  4    3  4    6  9        '  45 

a  culvert  to  meet  the  dimensions  I  required,  i.  e.,  a  47-in.  49  50  11  7/16  45 


298 


tions  at  the  crown,  and  as  this  space  will  not  be  required 
for  the  capacity  we  gain  the  extra  head  room,  which  in 
some  cases  means  a  great  deal,  especially  if  there  is  a 
very  flat  grade  across  the  street  and  very  deep  rails  are 
used  by  the  railway  company. 

(7)  That  when  the  culvert  is  of  two  or  more  com- 
partments the  center  or  intermediate  wall  or  walls  under- 
neath the  railway  company's  portion  or  track  may  be 
made  of  redwood  or  other  suitable  timber,  in   order  to 
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Fig.  2 — Diagram   for  Cutting   Screeds  for   Placing   Angles. 

allow  the  tracks  to  be  spiked  down  instead  of  being  only 
supported  for  such  long  spans,  and  as  this  substitution 
is  a  direct  benefit  to  the  railway  company  in  more  ways 
than  one,  the  maintenance  thereof  is  their  care,  as  is  the 
paving  and  that  portion  of  the  culvert  between  lines  2 
ft.  outside  of  the  outside  rails  of  their  track. 

(8)     That  the  flow  line  of  the  culvert  should  be  along 
one  side  instead  of  in  the  center,  especially  for  culverts 

TABLiE    II.— TABLE   GIVING    SPACING    "D"    OF    RAIDS. 


Load  per 
District.           wheel,  lb. 
Wholesale  or  in- 
dustrial       12,000 

Residence   6,000 

Hilly    4,000 


of  two  or  more  compartments,  as  the  depressed  centers 
will  not  join  up  with  a  straight  gutter  grade  and  as  this 
can  be  very  nicely  done  by  sloping  to  one  side  and  also 
somewhat  lessen  the  work  of  construction,  I  have  adopted 
it  for  all  sizes  of  culverts.  The  minimum  grade  on  which 
culverts  should  be  placed  should  be  .35  per  cent. 

(9)     That  it  will  not  be  necessary  to  rivet  the  sheets 
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at  each  joint  buf  provide  laps  of  IVa   corrugations  and 
rivet  all  intersecting  wings  where  the  same  miter  in. 

(10)  That  the  upper  or  intake  end  of  the  culvert 
should  be  made  about  6  in.  greater  in  width  than  the  main 
portion  in  order  to  aid  the  entrance  of  the  water  and  to 
eflfect  the  working  of  the  culvert  to  its  capacity. 

(11)  That  the  angle  iron  supporting  the  arch  iron 
need  not  be  of  the  same  purity  as  the  light  iron  of  the 
arch,  but  should  be  protected  by  at  least  two  coats  of  a 


Fig.   3 — Construction   Views   of   Flat   Arch   Corrugated    Iron   Culverts. 

good  preservative  paint,  for  instance,  a  first  coat  of  Red 
Lead  Lute  and  a  second  or  finish  coat  of  Carbon  Black  No. 
925  A,  both  of  which  are  manufactured  by  the  Lowe  Bros, 
of  Dayton,  0.,  or  the  angle  might  well  be  protected  by 
covering  it  with  a  liquid  or  mushy  grout  before  plac- 
ing the  arch  iron  thereon,  which  would  completely 
embed  it  and  thus  protect  it  from  the  action  of 
the  water;  or  the  angle  might  be  galvanized;  any  one 
of  the  above  being  ample  to  protect  it  against  cor- 
rosion indefinitely,  especially  if  the  plaster  coat  and  the 
cement  grout  are  applied  properly,  as  the  water  will  be 
prevented  from  following  down  the  iron  on  to  the  angles. 
In  fact,  it  would  take  years  of  corrosion  even  if  the  angle 
were  unprotected  to  cause  any  serious  effects,  owing  to 
the  fact  that  the  only  portion  of  the  angle  required  for  the 
arch  is  that  part  entirely  covered  by  the  iron  of  the  arch. 
It  is  therefore  my  personal  opinion  that  the  possibility  of 
corrosion  at  this  point  affecting  the  life  of  the  culvert 
need  not  be  considered,  especially  if  any  of  the  above 
mentioned  precautions  are  taken. 
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27.22 
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7.88 
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4.24 
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9.29 
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1.28       18.08 
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68 
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8.85       .17 

1.02 

14.49        18.89 
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1.36       19.32 

4.50         .85 

6.15 

3.46 

.36 

5.15 
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72 

10.30 

15.71 

10.38       .17 

1.08 

15.45        20.49 

13.84 

.23 

1.44       20.60 

4.75         .95 

6.65 

3.99 

.38 

5.47 

11.85 

7.98 
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.76 
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1.14 

16.41       22.25 
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-53 

1.52       21.88 
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(12)  That  this  type  of  culvert  is  especially  adapted  to 
meet  the  hereinbefore  mentioned  requirements  at  ap- 
proximately two-thirds  of  the  cost  of  a  reinforced  con- 
crete culvert  of  the  same  capacity. 

Tables  III  and  IV  give  approximately  the  capacity  of 
culverts  together  with  the  number  of  cubic  feet  of  con- 
crete and  the  number  of  square  feet  of  iron  per  linear  foot 
of  culvert. 

The  views  Fig.  3  show  fairly  well  a  somewhat  novel 
use  of  this  form  of  construction.  It  has  been  extensively 
employed  for  culverts  across  street  intersections,  and  fre- 
quently has  been  laid  diagonally  underneath  sidewalks  at 
the  corners,  thus  serving  to  avoid  several  difficulties 
which  are  encountered  in  some  installations;  but,  so  far 
as  I  know,  the  plan  of  caring  for  drainage  by  laying  part 
circle  corrugated  culverts  with  concrete  bases,  for  long 
distances  underneath  the  sidewalks  is  original  in  Los 
Angeles.  There  are  a  number  of  localities  in  this  city 
where  this  method  has  proven  very  satisfactory. 
Number  ten  gage  corrugated  iron  is  employed  at  the 
street  crossings  and  number  sixteen  or  number  fourteen 
under  the  sidewalks. 


CHART  FOR  DETERMINING  QUANTITY  OF  ROAD 
OIL  IN  PARTLY  FILLED  TANKS. 

Contributed  by  E.  Earl  Glass. 

The  graphic  chart  shown  in  the  accompanying  illustra- 
tion was  prepared  by  the  writer  for  the  quick  determina- 
tion of  the  quantity  of  liquid  in  a  partly  filled  horizontal 
tank.    It  has  proved  very  useful  for  measuring  part  tanks 
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Chart  for  Determining  Quantity  of  Road  Oil  In  Partly  Filed  Tanks. 

of  road  oil.    The  following  example  shows  the  method  of 
use:  3^2  ft.  of  oil  are  measured  in  a  434-ft.  diameter  tank 

3.5 
of  1,100  gal.  capacity.    Then  =  .74  d  =  depth  of  oil. 

4.75 
On  the  0.74  horizontal  line  at  1,100  gal.  curve,  read  890 
gal.  contents. 


REPAIRING  PAVEMENT  CUTS. 

The  Ottawa  Gas  Co.  of  Ottawa,  Ont.,  is  repairing  its 
pavement  cuts  at  an  average  cost  of  20  cts.  per  sq.  ft. 
The  methods  used  are  described  as  follows  by  Mr.  P.  S. 
Lamb,  Superintendent  of  the  Service  Department,  in  a 
paper  presented  at  the  recent  annual  convention  of  the 
Canadian  Gas  Association: 

When  cutting  pavement,  we  first  take  off  the  asphalt, 
lay  it  to  one  side,  then  take  out  the  concrete,  and  lay  it 
out  of  the  way.  When  the  work  of  repairing  has  been  fin- 
ished, the  hole  is  filled  up  again,  tamping  everything  back 
as  before.  We  then  mix  the  old  concrete  with  about  two 
bags  of  cement,  adding  a  little  sand. 

After  this  has  been  put  back,  we  mix  what  is  left  of  the 
two  bags  of  cement,  with  sand  (mixing  it  up  thoroughly), 
about  3  to  1,  and  place  it  on  the  top  of  the  concrete  which 
we  have  put  back.  Then  we  put  on  the  asphalt,  tamping 
it  level,  by  using  under  the  tamper  a  piece  of  plank  long 
enough  to  catch  the  edge  of  the  firm  pavement.  This  piece 
of  board  keeps  it  to  the  exact  level,  and  all  cement  that 
comes  up  around  the  edge  of  the  cut  is  then  leveled  off, 
which  completes  the  work.    This  is  protected  for  24  hours 


299 


by  a  trestle,  after  which  it  takes  a  keen  eye  to  detect  the 
cut.    The  cost  of  this  work  would  be  as  follows: 

:;  bags  of  cement  at  GO  ct.  each $1.20 

-  men  for  one  hour  at  30  ct.  per  hour  each 60 

Total     $1.80 

As  the  average  cut  is  about  1  sq.  yd.  this  would  be  ex- 
actly 20  ct.  per  sq.  ft. 


ROAD  CONSTRUCTION  IN  NATIONAL  FORESTS. 

Announcement  has  been  made  of  the  plan  to  be  pur- 
sued in  spending  the  $10,000,000  appropriated  by  tTie  Fed- 
eral Aid  Road  Act  for  the  construction  and  maintenance 
of  roads  and  trails  within  or  partly  within  national  for- 
ests. The  sum  of  $1,000,000  has  been  tentatively  allotted 
among  the  various  national  forest  states  for  the  pres- 
ent fiscal  year. 

The  tentative  allotments  to  the  principal  national  for- 
est states  are  as  follows:  Alaska,  $46,280;  Arizona,  $59,- 
795;  Arkansas,  $11,294;  California,  $140,763;  Colorado, 
$62,335;  Idaho,  $108,010;  Montana,  $69,901;  Nevada,  $19,- 
195;  New  Mexico,  $42,622;  Oregon,  $127,794;  South  Da- 
kota, $8,115;  Utah,  $40,982;  Washington,  $91,739;  Wyom- 
ing, $40,566.  In  addition,  a  total  of  $9,552  has  been  ten- 
tatively assigned  to  Florida,  Michigan,  Minnesota,  Ne- 
braska, North  Dakota  and  Oklahoma,  while  the  eastern 
.'^tate.s — Maine,  New  Hampshire,  Virginia,  West  Virginia, 
North  Carolina,  South  Carolina,  Tennessee  and  Georgia — 
in  which  the  Government  is  purchasing  lands  for  na- 
tional forests,  have  been  allotted  $21,057. 

In  general  the  states  and  counties  will  be  required  to 
furnish  co-operation  in  an  amount  at  least  equal  to  50 
per  cent  of  the  estimated  cost  of  the  surveys  and  con- 
struction. However,  upon  a  satisfactory  showing  by  the 
applicant  state  or  county  that  such  proportion  of  co-op- 
eration is  inequitable,  it  may  be  altered  and  the  ratio  of 
co-operation  fixed  upon  a  basis  equitable  to  both  the 
•state  or  county  and  the  United  States. 

The  method  followed  in  apportioning  the  money  was 
as  follows:  10  per  cent  of  the  amount  available  each 
year  will  be  withheld  as  a  contingent  fund.  One-half  of  the 
remainder  will  be  allotted  to  the  states  in  amounts  which 
will  be  based  on  the  area  of  national  forest  lands  in  each 
state.  The  other  half  will  be  apportioned  on  a  basis  of 
estimated  value  of  timber  and  forage  resources  which 
the  forests  contain.  Amounts  apportioned  but  une.x- 
pended  within  three  years,  and  any  balance  of  the  con- 
tingent fund  which  remains  unapportioned  at. the  end  of 
each  year  will  be  reapportioned  on  the  same  basis  as 
the  original  allotments. 

The  two  groups  of  states  to  which  lump  sums  are  al- 
lotted are  to  be  considered  as  single  units  of  apportion- 
ment. Apportionments  now  to  be  made  are  for  the  cur- 
rent fiscal  year  only.  Thereafter  new  apportionments 
will  be  made,  giving  consideration  to  the  number  and 
character  of  applications  made  by  the  state  and  county 
officials  for  expenditures  on  specific  projects.  These  ap- 
plications must  be  filed  with  the  district  foresters  in 
the  seven  national  forest  districts  on  or  before  Jan.  1 
of  each  year  for  the  fiscal  year  beginning  the  following 
July  1. 

The  determination  of  the  projects  upon  which  funds 
will  be  e.xpended  during  the  current  fiscal  year  will  be 
made  on  the  basis  of  applications  which  must  be  filed 
with  the  district  fore-sters  on  or  before  Oct.  1,  1916.  Each 
application  must  contain  a  statement  of  the  public  needs 
to  be  served  by  the  proposed  road  and  the  manner  and 
extent  to  which  it  would  aid  in  the  development  of  re- 
sources upon  which  communities  within  or  adjacent  to 
the  national  forests  are  dependent,  and  must  also  show 
the  general  location  of  the  proposed  road  and  its  esti- 
mated cost.  As  already  stated,  in  general,  states  and 
counties  must  be  prepared  to  furnish  co-operation  equal 
to  at  least  50  per  cent  of  the  estimated  cost  of  surveys 
and  construction.  This  co-operation  may  be  in  the  form 
the  form  of  money,  labor  and  materials,  or  the 
construction  of  roads.  Where  other  factors  are 
equal,  the  approval  of  a  project  may  be  deter- 
mined upon  the  relative  amount  of  co-operation  offered. 
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NEW  SPECIFICATIONS  OF  NATIONAL  PAVING 

BRICK      MANUFACTURERS'      ASSOCIATION 

FOR    BRICK     PAVEMENTS    OF    GREEN 

CONCRETE     AND     SAND-CEMENT 

SUPER-FOUNDATION    TYPES. 

The  National  Paving  Brick  Manufacturers'  Association 
has  just  issued  its  new  specifications  for  the  construction 
of  vitrified  brick  pavements  of  the  green  concrete  founda- 
tion type  and  of  the  sand-cement  super-foundation  type. 
The  specifications  cover  both  street  pavements  and  coun- 
try roads  constructed  with  these  types  of  foundations. 
The  requirements  for  the  two  types  of  foundation  for 
highways  are  given  below. 

Green  Concrete   Foundation  Type. 

Section  1.  The  subgrade,  if  dry,  shall  be  lightly 
sprinkled  with  water  before  placing  the  concrete. 


Finishing  Green   Concrete   Foundation  by   Piacing   and   Smoothing   Con- 
Crete    and    Adding    Thin    Fiim    of   Sand    and    Cement. 

Section  2.  Concrete  for  the  foundation  shall  be  de- 
posited, struck  off  and  finished  to  the  depth  of 

inches  as  provided  in  the  plans  and  specifications  so  that 
when  complete,  the  surface  shall  be  parallel  to,  and 
inches  below  the  grade  of  the  finished  road- 
way. The  surface  shall  be  smooth  and  uniformly  fin- 
ished, with  the  coarse  aggregate  thorougTily  embedded 
in  mortar.  Concrete  in  place  shall  have  been  so  mixed, 
deposited,  and  finished,  that  the  coarse  and  fine  aggre- 
gate shall  be  uniformly  distributed  throughout  the  mass 
(in  the  proportions  provided  in  Item  4,  Section  8).*  The 
concrete  shall  be  brought  to  the  required  surface  smooth- 
ness, and  condition  for  laying  the  brick  thereon  by  add- 
ing thereto  a  thin  coating  of  sand  and  cement. 

Section  3.  The  sand  and  cement  for  the  thin  coat- 
ing shall  be  of  a  quality  equal  to  that  used  in  the  fine 
aggregate  in  the  concrete.  They  shall  be  thoroughly 
mixed  dry  in  advance  in  a  mechanical  batch  mixer,  in  the 
proportion  of  1  part  cement  to  3  parts  of  sand  by  volume. 
Mixing  shall  continue  until  the  mass  attains  a  uniform 
shade.  Sufficient  quantity  shall  be  prepared  at  intervals 
in  order  that  there  shall  be  no  interruption  in  preparinf 
the  surface  of  the  concrete  for  brick  laying. 

Section  4.  Steel  forms  shall  be  utilized  to  retain  the 
concrete  and  brick  and  serve  as  guide  rails  for  the  tem- 
plate, and  when  so  used  shall  be  true  to  line  and  grade. ^ 

Section  5.  The  concrete  shall  be  brought  within  the  re- 
quirements of  Section  2  by  means  of  a  double  template 
which  shall  consist  of  a  6-in.  steel  I  beam  in  front  and  a 
6-in.  steel  channel  or  I  beam  to  the  rear,  held  in  a  rigid 
frame  with  the  two  members  parallel,  spaced  2  ft.  from 
center  to  center,  and  shaped  to  conform  to  the  cross  sec- 
tion of  the  roadway.  The  rear  member  shall  be  held  in 
the  frame  with  the  bottom  3/16  in.  higher  than  that  of  the 
frame  member.  Rollers  shall  be  attached  to  the  frame 
which  shall  rest,  when  in  use,  upon  the  guide  rails. 


•Item  4,  Section  8.  Thfi  cement,  coarse  and  fine  aggregate,  or  if 
gravel  be  used,  the  combined  agQreeates.  .shall  he  measured  sepa- 
rately and  mixed  In  such  proportions  that  the  resulting  concrete  shall 
contain  fine  aggregate  amounting  to  SO  per  cent  ol'  the  volume  of  the 
coarse  aggregate,  and  that  7  cu.  ft.  of  concrete  in  place  shall  contain 
1  .saoW  of  cement  or  04  lb. 

tThis  requirement  in  the  specifications  for  vitrified  brick  street 
pavements  is  as  follows:  "Section  4.  Curbs,  street  railway  tracks, 
:  teel  or  other  forms  shall  be  utilized  to  retain  the  concrete  and  serve 
as  guide  rails  for  the  template,  and  when  so  used  shall  be  true  to 
line  and  grade." 


ENGINEERING 
AND      CONTRACTrNG 

In  shaping  the  concrete  deposited  from  the  mixer,  it 
shall  be  thoroughly  spaded,  settled  and  roughly  surfaced 
immediately  ahead  of  the  double  template.  A  sufficient 
amount  of  dry  mixture  for  the  thin  coating  shall  be  sup- 
plied continually  between  the  framed  templates  so  that  in 
the  forward  movement,  the  rear  template  shall  distribute 
the  necessary  film  over  the  entire  surface,  producing  the 
required  smoothness. 

Section  6.  In  cases  where  the  use  of  the  double  framed 
template  is  impracticable,  the  required  surface  shall  be 
secured  by  templates  or  by  hand  luting. 

Note. — By  reason  of  the  fact  that  the  rear  cutting  edge  of  the 
doirble  template  is  .VIG  in,  higlier  than  the  Iront  cutting  edge,  the 
forward  movement  of  the  template  as  described  performs  two  opera- 
tions simultaneously,  namely:  That  of  striking  off  the  concrete  which 
lias  been  deposited  upon  th-j  subgrade  and  spreading  over  its  surface 
the  3/13  in.  film  of  tlie  dry  mixture,  which  being  of  equal  quality  of 
the  mortar  in  the  concrete  becomes  an  integral  part  of  the  concrete. 

Concrete  of  a  consistency  which  will  sustain  the  brick  surface  uni- 
formly during  the  laying,  rolling  and  filling  the  joints  is  a  necessary 
prerequisite.  It  is  equally  necessary,  too,  that  the  green  concrete  shall 
be  of  a  consistency  affording  a  mortar  surface  which  will  insure  a 
perfect  adhesion  of  the  brick. 

The  use  of  transverse  joints  in  the  surface  or  base  of  the  roadway 
should   not   be   permitted. 

Section  7.  The  use  of  partially  hardened  mortar  or 
concrete,  remixed  with  water,  is  prohibited. 

Section  8.  No  concrete  shall  be  mixed  or  deposited 
when  the  air  temperature  is  below  32'  F.,  unless  during 
the  mixing  the  aggregates  shall  be  heated  so  that  when 
placed,  the  temperature  of  the  concrete  shall  be  not  less 
than  60°  F.  The  pavement  shall  then  be  protected  by  suf- 
ficient covering  against  freezing.  In  no  event  shall  con- 
crete be  deposited  upon  a  frozen  subgrade. 

Sand-Cement  Super-Foundation  Tj-pe. 

Section  1.  Upon  that  part  of  the  foundation  already 
prepared,  there  shall  be  added  a  superfoundation  complet- 
ing the  whole,  composed  of  1  part  of  cement  to  4  parts  of 


Appearance    of    Green    Concrete    Foundation    After   the    Brick   Surface 
Has    Been    Rolled. 

sand,  stone  screenings  or  granulated  slag,  which  when 
thoroughly  rolled  and  compacted  to  uniform  density  by 
means  of  a  hand  roller,  shall  be  not  more  than  1  in.  in 
depth. 

Section  2.  Cement  used  in  the  specifications  shall  be 
as  herein  provided  in  Item  4,  Section  1.* 

Section  3.  Sand  used  in  the  superfoundation  shall  be 
as  herein  provided  in  Item  4,  Section  2.t 

*lteni  4.  Section  1.  Cement  used  shall  meet  the  requirements  of 
the  Standard  Specifications  tor  Portland  Cement  of  the  .\merican  So- 
ciety for  Tes-ting  Materials  adopted  August  16,  1909.  with  amendments 
and  additions  thereto  adopted  by  the  said  society. 

tltem  4,  Section  2.  Fine  aggregate  shall  consist  of  clean  sand  or  of 
screenings  from  hard,  durable  rock  or  gravel,  uniformly  graded  in 
grain  size.  100  per  cent  of  wliich  shall  pass  a  '4-in.  sieve  mesh.  '  It 
shall  be  free  frcm  soft,  friable  material,  shale  or  slate,  and  vegetable 
or  other  organic  matter,  and  shall  not  contain  clay  in  excess  of  5  per 
cent. 
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Section  4.  The  sand  and  cement  for  the  added  portion 
of  the  foundation  shall  be  mixed  in  the  proportions  here- 
in provided,  by  hand  or  mechanical  mixer,  until  the  mass 
attains  a  uniform  shade  and  in  such  quantities  that  the 
operations  of  constructing  the  superfoundation  may  pro- 
ceed continuously. 

Section  5.  The  superfoundation  shall  be  shaped  to  a. 
true  surface  parallel  with  the  surface  of  the  finished  brick 
road,  by  means  of  a  template  extending  the  entire  width 
of  the  brick  road,  drawn  forward  upon  the  curbs  or  guide 
rails.  When  the  width  of  the  brick  road  precludes  the 
use  of  a  template  spanning  the  entire  distance  the  opera- 
tions of  shaping  the  superfoundation  shall  be  performed 
upon  sections  thereof,  using  scantling  laid  upon  the  foun- 
dation as  the  guide  rails. 

Section  6.  After  the  superfoundation  has  been  spread 
and  struck  off  to  a  depth  not  less  than  14  in.  above  the 
finished  depth  herein  provided,  it  shall  be  thoroughly  and 
uniformly  compacted  by  rolling.  The  roller  used  for  this 
purpose  shall  be  of  the  hand  type,  weighing  not  more  than 
10  lb.  per  inch  of  length.  It  shall  be  not  more  than  24 
in.  in  diameter,  nor  more  than  30  in.  in  length. 

Rolling  shall  commence  at  the  curb  and  continue  par- 
allel to  it  at  a  slow  pace,  moving  backward  and  forward 
until  the  opposite  curb  is  reached.  Any  depressions 
created  by  rolling  shall  be  lightly  roughened  by  means  of 
rakes  and  a  sufficient  quantity  of  aggregate  mixture  be 
added,  so  that  when  again  struck  off  and  rolled  the  sur- 
face shall  conform  to  that  herein  provided. 

The  operations  of  striking  off  and  rolling  shall  be  re- 
peated until  the  entire  superfoundation  is  uniformly  dense 
and  free  from  depressions. 

Section  7.  When  the  use  of  the  template  and  guide 
rails  for  striking  off  any  portion  of  the  superfoundation 
is  impracticable,  it  shall  be  shaped  to  the  surface  required 
by  hand  luting.  All  provisions  for  rolling,  compacting 
and  smoothing  shall  be  observed. 


STREET  FLUSHING  AT  CHICAGO  WITH  AUTO- 
MOBILE FLUSHERS. 

The  city  of  Chicago  purchased  three  outomobile  flush- 
ers  in  the  fall  of  1914.  These  were  put  in  operation  about 
April  10,  1915,  and  remained  in  the  service  until  Nov. 
19th,  when  weather  conditions  interfered  with  street  flush- 
ing. During  this  period  they  were  operated  in  two  shifts 
of  8  hours  each,  making  a  total  of  16  hours  per  day.  For 
various  reasons  it  was  found  most  practical  to  have  the 
drivers  on  the  first  shift  report  for  work  at  noon  to  give 
their  machines  one  hour's  attention.  Flushing  operations 
would  then  begin  and  continue  until  9:30  p.  m.  The  night 
shifts  veported  for  work  at  9 :30  p.  m.  and  after  caring  for 
machines  commenced  flushing  at  10:30  p.  m.,  continuing 
until  7  a.  m.  the  following  morning.  Flushers  were  op- 
erated every  night  except  Sunday. 

In  order  to  reduce  non-productive  travel  to  a  minimum 
and  enable  the  flushers  to  cover  as  much  territory  as  pos- 
sible it  was  found  advisable  to  house  the  machines  in 
separate  sections  of  the  city,  the  north,  south  and  west 
sides.  Suitable  quarters  were  provided  in  ward  yards 
most  centrally  located  to  the  section  wherein  the  machine 
operated.  Owing  to  the  necessity  of  covering  as  much 
territory  as  possible  scheduled  streets  were  covered  every 
second  day  or  night.  The  main  arteries  leading  into  the 
business  section  were  covered  nightly,  as  also  were  the 
streets  within  the  business  section.  The  benefits  derived 
from  the  operation  of  the  automobile  flushers  were  most 
apparent.  On  streets  not  covered  by  the  automobile  flush- 
ers the  displacement  of  air  caused  by  rapidly  moving  auto- 
mobiles or  street  cars  would  invariably  raise  a  cloud  of 
dust,  whereas  on  streets  that  were  flushed  this  condition 
was  almost  entirely  eliminated. 

It  is  believed  that  one  of  the  principal  factors  in  keep- 
ing down  the  cost  of  flushing  was  the  installation  of 
service  recorders  on  these  machines.  These  instruments 
allow  no  time  to  be  lost  without  a  proper  explanation,  thus 
preventing  the  idling  of  time  by  the  operators. 

The  following  account  of  operations  is  taken  from  the 


recently  issued  report  of  the  Department  of  Public  Works 
of  Chicago: 

During  the  period  between  April  10,  1915,  and  Nov.  19, 
1915;  9,939.52  miles  of  streets  were  flushed,  with  a  total' 
of  271,407,644  sq.  yd.  cleaned,  divided  as  follows: 


I.,ln.  ft. 

North  side   59,213,006 

youth  Hide    16,248,540 

West    side    15,491,,'i75 

Loop   district    1,525,976 


Sq.  yd. 
96.!iUl,529 
93.40-l.:;20 
73,543,171 
7,768,661 


Cost. 

%  •";. 303.45 

3.375.15 

3,161.87 

946.40 


Totals     52,479,696  271,407,644  $10,786.87 

Material  used  in  this  work: 
12,547  gal.   ;^asoIine. 
372  gal,  cylinder  oil. 
fili  lb.  medium  cup  grease. 
39.297   tanks  of   water   were   used,   fqulvalent   to  r..s,(i90..')00  gal     or  an 

averase  of  5,865  gal.  of  water  per  mile  of  street  fluyhcd. 
The  working  hours  are  accounted   for  as  follows: 


Productive   hours    

Kon-productive    hours 
Time  lost    (all  causes). 


Hours. 

7,745.08 

435.01 

1.356.45 


Total     9,536.54 

Efficiency,  83«^%. 
Total  cost  of  operation  including  percentage  of  salary  of  head 

motor  truck  driver $ii  209  87 

General  average  cost  of  (lushing  l.ouo  sci.  yd '      .041 

General  average  cost  of  flushing  per  mile 1.13 


CONCRETE    APRON    FOR    STREET    INTERSEC- 
TIONS. 

An  interesting  type  of  concrete  sidewalk  apron  for  use 
at  street  intersections  where  pavements  have  been  laid, 
has  been  designed  by  F.  C.  Lohmann,  City  Engineer,  of 
Champaign,  111.  The  accompanying  illustration  shows  a 
plan  and  cross-section  of  the  "apron." 

In  the  last  four  years  the  city  has  been  removing  the 
raised  crossings  in  its  pavement.    This  left  a  step  of  7  in. 
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Plan   and   Cross  Section   of   Sidewralk  Apron. 

at  the  gutter  line.  Since  starting  this  practice,  every  year 
brought  more  complaints  from  the  public,  so  the  city  oflH- 
cials  began  to  look  for  some  means  of  overcoming  the  lack 
of  a  raised  crossing  and  still  leave  the  paved  portion  of 
the  street  in  a  condition  that  vehicles  might  use  any  part 
of  it  with  safety  and  comfort.  As  a  result  the  "apron" 
was  designed,  and  seems  to  be  giving  general  satisfaction. 


Street  Cleaning  by  Flushers  at  Chicago. — During  1915 
127,193,290  sq.  yd.  of  streets  of  Chicago  were  cleaned  by 
horse-drawn  flushers.  In  this  work  82,330,550  gals,  or  154,- 
438  tanks  of  water  were  used.  The  total  cost  of  the  flush- 
ing was  $19,057  or  15  ct.  per  1,000  sq.  yd. 
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METHOD  AND  COST  OF  RAISING  SUNKEN  CON- 
CRETE WALK. 

Coiitiibutcd  by  H.   R.  Ferris,  Victoria,  B.  C. 

In  the  course  of  some  construction,  connected  with 
street  widening  improvements,  it  was  found  necessary  to 
raise  to  its  original  level  240  ft.  of  concrete  walk  which 
owing  to  defective  earth  foundation  had  sunk  5  or  6  in.  on 
the  outside  edge.  The  walk  was  12  ft.  wide,  4  in.  thick, 
with  a  mesh  reinforcement,  and  although  over  15  years 
old  was  still  in  perfect  condition.  It  was  possible  that  its 
settlement  had  been  foreseen  by  the  constructors,  as  5-in. 
"I"  beams  had  been  placed  cross-wise  underneath  it,  at 
intervals  of  8  ft. 

In  order  to  make  room  for  a  granite  curb,  the  "I"  beams 
which  projected  beyond  the  edge  of  the  walk,  were  cut 


ing  to  the  recently  issued  Third  Biennial  Report  of  the 
State  Road  Commission,  from  which  this  note  has  been 
taken,  has  given  excellent  satisfaction.  E.  R.  Morgan, 
Salt  Lake  City,  Utah,  is  Secretary-Engineer  of  the  Com- 
mission. 
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Method  of  Supporting  Walk. 

by  hand  with  a  hack-saw.  The  labor  cost  of  cutting  these 
I-beams  was  48  ct.  each.  A  concrete  pier  (see  sketch)  was 
placed  under  the  outside  edge  of  the  walk  after  it  had 
been  raised  to  its  original  position.  Twelve  jacks  were 
used  for  the  work.    The  costs  follow: 

Lrfibor — 

Foreman,  3  days  @   $4 $12.00 

Labor  raising  walk,  112  hr.  @  30  ct 33.60 

Liabor  concreting,  56  hr.  @  30  ct 16.80 

Labor  cutting  "I''  beams  (30),  48  hr.  @  30  ct 14.40 

Labor  rn  forms,  reinforcement,  14  hr.  @  30  ct 4.20 


SSI. 00 
Materials — 

Cement.   10  bbl.   @  $2 $32.00 

Sand,  61/4  ou.  yd.   ■??   ?1 6.50 

Gravel,   13  cu.  yd    (§>  $1.10 14.30 

Hack  saw  (frame  and  blades) 3.50 

Reiniorcing-  steel,  500  lb.   @  3  ct 15.00 

Renting    Jacks    6.00 


$77.30 


ROCK  PAVED  FORD  STREAM  CROSSING. 

In  certain  sections  of  Utah,  where  road  building  is  diffi- 
cult on  account  of  the  general  ruggedness  of  the  country, 
and  where  the  people  are  scattered  and  funds  are  scarce, 
bridges  are  usually  out  of  the  question  for  spanning  the 


EARTH  ROAD  MAINTENANCE  IN  HOPKINS 
COUNTY,  KENTUCKY. 

Hopkins  county,  Kentucky,  has  a  considerable  mileage 
of  earth  roads,  which  are  kept  in  e.xcellent  condition  by 
a  system  of  maintenance  by  split  log  drags.  The  follow- 
ing description  of  this  system  is  taken  from  the  recently 
issued  biennial  report  of  the  State  Department  of  Public 
Roads: 

Previous  to  1911  the  county  roads  were  in  charge  of  a 
road  supervisor,  who  authorized  the  expenditure  of  a 
county  road  fund.  Seven  or  eight  grader  outfits  were  em- 
ployed for  eight  or  nine  months  during  the  year.  County 
warrants  were  issued,  with  no  method  of  adequate  book- 
keeping to  show  the  expenditures,  and  as  a  result  the  road 
fund  yearly  was  overdrawn  and  the  deficiency  taken  from 
other  county  funds.  Later  split  log  drags  were  substituted 
for  the  grader,  or  road  machine  crews.  In  1912  a  county 
engineer  was  appointed,  replacing  the  road  supervisor. 
The  county  roads,  under  his  direction,  were  measured  and 
2-mile  sections  designated,  and  in  January,  191-3,  drags 
were  started  on  about  100  miles  of  the  county  roads.  This 
original  contract  was  only  for  dragging  the  road,  which 
was  to  be  done  four  times  between  Jan.  1  and  April  1,  at 
a  cost  of  $10  to  $12  per  mile.  As  the  sections  dragged 
were  not  continuous  the  citizens  at  once  appreciated  the 
difference  between  the  maintained  road  and  the  road  that 
was  not  maintained.  Consequently  the  next  contract 
which  called  for  dragging  and  cleaning  of  ditches  for  6 
months,  until  November,  1913,  resulted  in  contracts  for 
150  miles  of  road  and  at  a  reduced  cost. 

In  November,  1913,  a  contract  substantially  like  that 
now  in  use  was  adopted  and  the  time  of  the  contract  was 
for  one  year,  or  until  November,  1914.  Over  200  miles 
were  maintained  this  year  at  an  average  cost  of  $28  per 
year  per  mile. 

For  the  year,  November,  1914,  to  November,  1915,  the 
benefit  of  the  maintained  roads  was  so  well  appreciated 
by  the  citizens  that  560  miles  were  under  contract  at  an 
average  cost  of  $24.35  per  mile  per  year. 

In  November,  1915,  a  two-year  contract  was  entered 
into,  which  the  county  may  revoke  for  non-performance 
of  the  obligation  at  the  end  of  the  first  year.    About  520 
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Fig.  1 — Longitudinal  Section  of  Rock  Ford  In  Washington  County,  Utah. 


smaller  streams.  The  accompanying  illustration  shows  a 
method  adopted  by  the  State  Road  Commission  for  fur- 
nishing transportation  facilities  across  a  broad  wash  in 
Washington  County.    This  rock  paved  ford  and  retaining 
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Fig.    2 — Cross   Section    of    Ford. 

wall  was  constructed  over  "Two  and  Half  Sandy"  Wash. 
The  stone  was  obtained  on  the  site  and  was  laid  in  place 
with  cement  mortar.  The  total  width  of  the  wash  from 
bank  to  bank  is  110  ft.  The  40-ft.  approaches  on  a  10  per 
cent  grade  also  were  paved  with  stone.    The  ford,  accord- 


miles  are  now  under  contract,  at  prices  ranging  from  $12 
to  $40  per  mile  per  year,  and  the  average  cost  of  $22.10 
per  mile  per  year.  It  is  expected  this  mileage  will  soon  be 
increased.  Originally  a  contractor  was  allowed  to  have 
charge  of  8  miles,  but  now  he  is  not  allowed  to  contract 
for  more  than  4  miles  of  road. 

Under  the  1915  contracts  the  contractor  must  trim  the 
branches  which  overhang  and  interfere  with  travel  on  the 
roadway;  keep  the  roaclway  between  ditches  free  from 
shrubbery  and  weeds;  keep  the  ditches  clean,  free  of  ob- 
structions and  at  all  times  capable  of  carrying  the  water. 
He  shall,  "by  June  1st  each  year,  grade  the  roads  with 
dump  scraper  and  grader,  drag  and  ditcher,  or  in  any  way 
he  may  see  fit,  so  that  the  center  of  the  roadway  shall  be 
crowned  so  that  the  water  will  flow  from  the  center  of  the 
road  to  the  side  ditches,  and  at  no  place  will  the  water 
stand  on  the  road  or  run  down  the  road.  The  road  shall 
be  dragged  from  ditch  to  ditch  at  each  dragging,  when 
the  road  is  wet,  but  not  sticky." 

A  record  'if  the  number  of  draggings  is  kept  by  the 
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county  engineer  on  cards,  which  before  mailing  by  the 
contractor,  are  countersigned  by  the  rural  route  carrier,  or 
a  reliable  citizen.  The  contractor  also  hauls  material  and 
constructs  all  culverts  and  bridges  of  10-ft.  span  or  under, 
and  keeps  the  approaches  to  and  the  floors  and  abutments 
of  all  bridges  and  culverts  on  his  road  in  good  traveling 
condition. 

An  analysis  of  these  contracts  shows  that  where  the 
contract  has  been  faithfully  executed  there  is  a  decrease 
each  year  in  the  cost  per  mile,  mainly  because  the  farmer- 
contractor  has  learned  from  experience  that  continuous 
maintenance  makes  a  lower  cost  of  time  and  labor  each 
succeeding  year. 

The  benefits  derived  from  this  system  are  great  improve- 
ments in  the  traveled  ways  and  at  a  reasonable  cost,  and 
the  repairing  of  all  the  roads  throughout  the  county  at 
practically  the  same  time.  The  work  is  done  by  the  farmer 
at  a  time  when  he  could  not  be  busy  on  the  farm.  The 
necessary  equipment  is  usually  made  by  the  farmer-con- 
tractor and  he  is  paid  for  his  labor  in  November,  just  be- 
fore his  taxes  are  due.  Each  contract  is  usually  adjoin- 
ing the  contractor's  farm,  and  he  has  a  personal  interest 
in  having  his  section  well  kept.  The  officials  are  begin- 
ning to  appreciate  the  need  of  data  regarding  the  width  of 
surface  maintained  and  the  amount  of  traffic  borne  by  the 
different  roads,  and  no  doubt  in  the  near  future  will  insti- 
tute changes  in  the  contract  based  on  the  width  of  sur- 
face and  traffic  conditions,  which  will  again  reduce  the 
cost  of  nfeintenance  and  at  the  same  time  pay  the  con- 
tractor a  more  equitable  price  when  compared  with  what 
the  contractor  on  another  road  is  doing  for  the  payment 
made  to  him. 


COST   DATA   ON    1,170   SQ.   YD.   OF   ASPHALTIC 
MACADAM  BY  DAY  LABOR  AT  WAYNES- 
BORO, PA. 

Street  improvements  at  Waynesboro,  Pa.,  are  carried 
out  by  the  city  street  force  under  the  supervision  of  Mr. 
G.  C.  Brehm,  City  Engineer. 

The  organization  consists  of  two  foremen  at  21  ct.  per 
hour,  a  roller  engineer  at  25  ct.  per  hour  and  labor  at 
18  ct.  per  hour. 

Of  the  25,000  sq.  yd.  of  asphaltic  pavements  laid,  one 
block  (1,170  sq.  yd.)  was  constructed  on  Cleveland  Ave. 
The  following  data  relate  to  the  Cleveland  Ave.  work. 

It  was  found  upon  examination  that  the  old  macadam 
was  so  badly  worn  that  an  entire  new  base  was  necessary, 
and  in  order  to  bring  the  contour  of  the  road  to  its  proper 
place,  about  8  in.  of  grading  had  to  be  done,  the  rough 
grading  being  handled  by  means  of  the  road  roller  and 
plow.     The  average  haul  was  1  mile. 

Upon  the  thoroughly  rolled  sub-base,  run  of  crusher 
limestone  6  in.  thick  after  compression  with  a  10-ton 
roller,  was  used  as  a  base. 

Three  inches  of  crushed  stone  (after  compression)  2  to 
3  in.  in  size  was  placed  upon  this  base  and  after  being 
thoroughly  rolled  with  a  10-ton  roller  the  asphalt,  which 
was  Aztec,  was  applied  by  means  of  pouring  cans.  Just 
enough  ^4-in.  stone  to  take  up  the  voids  was  then  spread 
over  the  hot  asphalt  and  the  whole  was  again  thoroughly 
rolled.  After  applying  ^2  gal.  of  asphalt  per  square  yard, 
the  surface  was  covered  with  i2-in.  chips  and  rolled. 

The  ^4-in.  and  1'2-in.  stone  contained  a  great  deal  of 
dust  and  screening  was  necessary  before  they  could  be 
applied  to  the  road.  The  cost  of  the  work  was  85  ct.  per 
square  yard,  as  follows: 

GRADING    (312   CU.    YD.). 

„t-'nit.                                         Amount.  Rate.  Total.  Per  sq.  vd. 

Teams    122  hr.  $0.05  $61.00  $0.0522 

labor    50  hr.  .21  10.50  .0088 

Labor    332^4  hr.  .18  59.85  .0514 

Roller    engineer 21  hr.  .25  5.25  .0044 

Insurance    1.56  .0013* 

Supervision 14.00  .0119 

S<«'    2.465  1b.  4.50  5.55  .0048 

Oil    Igal.  .50  .50  .0004 

Uep.    machinery 21.00  .0179 

Total    $0.1531 

•Rate.  $1.74  per  $1,000. 


BASE,    6   IN.    (1,170  SQ.   YD.). 

Unit.                                          .\mount,  Kate.  Total.  Per  sq.  yd. 

ritone    250  tons  $0.75  $187.50  $0.1603 

HaulinK    99  hr.  .50  49.50  .0423 

Spreading   .__. lOS  hr.*                 20.19  .0173 

liolllng   7  hr.  .25  1.75  .0015 

Coal    82S  lb.  4.50  1.86  .0015 

ull \t  ea\.             .13  .iiOOl 

Supervision    7.00  .0060 

Insurance    .50  .0004 

l)ep.   machinery ....  7.00  .0060 

Total    $0,2354 

•2.',  hours  at  21  ct. ;  83  hours  at  18  ct. 

SL'RK.\CE.  3  IN..  OF  3-IN.  AND  2-IN.  STONE  (1,170  SQ.   YD.). 

Unit.                                       Amount.  Rate.  Total.  Per  sq.  yd. 

Stone    164  tons  $0.75  $123.00         $0.1051 

Hauling    65  hr.  .50  32.50             .0280 

Spreading    116  hr.»                 21.78             .0186 

Rolling    11  hr.  .25  2.75             .0023 

Coal    1,2911b.                    2.90              0024 

Oil     %  gal.             .25             .0002 

Supervision ll.so            .0096 

Insurance    .61            .0005 

Dep.    machinery ii.oo            .0094 

Total    $0.1763 

•30  hours  at  21  ct.;  86  hours  at  18  ct. 
ASPHALT. 

Unit.                                       Amount.  Rate.  Total.  Per  sq.  yd. 

Asphalt*    2.381  gal.  $0.08%  $202.39         $0.1729 

Hauling   37  hr.t                8.58  .0073 

-Xpplying 12Shr.t                 23.88  .0204 

Wood    3  cords             4.00  12.00  0103 

Oil  and   waste§ 2.19  0019 

Supei-vision 3.50  .0029 

Insurance ....  .58  .0005 

Dep.  machinery 3.00  .0026 

Total    $0.2188 

•Aztec.     t6   hours  at  50  ct.;  31  hours  at  18  ct.  +28  hours  at  21  ct  • 
100  hours  at  IS  ct.     §12  gal.  oil  at  12  ct.;  5  lb.  waste  at  15  ct. 
STONE,   1   IN.   AND   %    IN. 

Unit.                                          Amount.                 Rate.  Total.  Per  sq.  yd. 

Stone    15  tons              $0.75  $11.25         $0.0096 

Hauling     13  hr.                     .50  6.50             .0056 

bpreadmg  17  hr*                 3.1S            .0027 

.Screening    23  hr,                     .18  4.14             .0035 

Rolling              4  hr.                     .25  1.00            .0009 

(oal  and  oilt 468  hr.                   l.n              0009 

.Supervision ....  3.50             .0030 

Insurance •>i              qOO' 

Dep.  machinery 4;5o            ;oo34 

Total    «^  O'^OS 

•4  hours  at  21  ct. ;  13  hours  at  IS  ct.  tOil,  U  gal.' 

STONE,    %  IN. 

-,  1^  nit.                                       .\mount.  Rate.  Total.  Per  sq.  yd. 

fetone    6  tons  $0.75  $     4.50  $0.0038 

Hauling   7  hr.  .50  3.50  .0030 

spreading   11  hr.»  2  04  0018 

Screening    11  hr.  .18  1.98  '0017 

Rolling               4  hr.  .25  1.00  .0009 

i-oal  and  oilt 46S  lb.  in  0009 

.Supervision    ....  3.50  [oosO 

Insurance    ....  .15  oOOl 

Dep.  machinery ....  4.00  .0034 

Total    $^0186 

»2  hours  at  21  ct.:  S  hours  at  IS  ct.     tOil.  14  gal 

MISCELL-ANEOUS. 

„  Unit.                                       Amount.                Rate.  Total.  Per  sq.  yd. 

Teams   21  hr.                $0.50  $10.50        $0.0089 

^^°S   ■:■: :•••           49  hr.*                ....  9.24             .0079 

Blacksmith,  repairs,  etc 1.50            .0013 

Total    JO  0181 

•14  hours  at  21   ct.;  35  hours  at  18  ct.  

SUMMARY.  Per  sq  yd. 

r,      ,■  pavement. 

g'-admg     '...$0.1531 

Base    2354 

3-in.    surface    ' .....!.......!..      1763 

Asphalt    application    '.!.'.!*.!!'.' '. 2188 

.Stone.    1-in.    and    ?i-in .., o298 

Ston-i.    ^^-in .'..'.". 0186 

Miscellaneous !oi81 

Total     $0.8501 

A  NEW  METHOD  OF  FINISHING  CONCRETE 
ROADS. 

Finishing  concrete  roads  by  dragging  heavy  belting 
across  the  surface  has  recently  been  tried  out  in  Wayne 
county,  Michigan,  where  the  method  of  using  the  belt  is 
as  follows:  Three  pieces  of  heavy  belting  about  10  in. 
wide  and  cut  a  few  feet  longer  than  the  width  of  the  road 
are  used.  The  first  is  seesawed  across  the  road  as  soon  as 
the  template  has  been  used.  The  second  belt  is  used  in  a 
similar  manner  but  not  until  water  has  just  disappeared 
from  the  surface.  After  the  concrete  has  stiffened  some- 
what, the  third  belt  is  run  over  the  surface  and  leaves  a 
fine  grained,  coarse,  gritty  texture. 

On  the  Fremont-Port  Clinton  Road  in  Ohio  contractors 
are  using  a  strip  of  8-ounce  canvas  24  in.  wide  and  18  ft. 
long  in  much  the  same  manner. 

These  finishing  methods  are  apparently  outgrowths  of 
one  practiced  in  California  where  a  strip  of  pliable  red- 
wood %  in.  thick,  of  suitable  width,  has  been  used  to 
finish  a  concrete  road  surface.  It  is  stated  that  while  the 
value  of  these  methods  has  not  been  demonstrated  beyond 
dispute,  indications  are  that  they  will  prove  to  be  more 
economical  and  satisfactorj-  than  hand  floating. 
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TELFORD  STRIP  FOR  PREVENTING  RUTTING. 

In  paving  Harrison  St.  at  Oshkosh,  Wis.,  telford  strips 
were  placed  between  the  pavement  and  the  gravel  shoul- 
ders^ with  the  idea  of  preventing  the  formation  of  ruts  at 
this  point.  The  road  bed  was  graded  to  a  width  of  26  ft., 
the  gravel  in  the  existing  road  being  placed  to  one  side 
for  use  in  making  the  gravel  shoulders.  The  center  14  ft. 
was  paved  with  asphaltic  concrete  consisting  of  a  2-in. 
top  on  a  6-in.  1:3:6  concrete  foundation.  The  curb  was 
formed  by  building  a  2-in.  shoulder  on  the  concrete  foun- 
dation. Each  curb  was  6  in.  wide,  making  the  total  width 
of  the  asphaltic  concrete  13  ft. 

On  both  sides  of  this  center  14-ft.  portion  there  was 
placed  a  strip  of  telford  stone  of  an  average  width  of  1 
ft.  The  gravel  shoulders  were  each  5  ft.  wide.  The  tel- 
ford strip  was  set  alternately  8  in.  and  16  in.  wide  so  as 
to  break  joints.  The  stone  was  a  hard  limestone,  8  in.  in 
height  and  at  least  6  in.  in  width  by  4  in.  thick,  laid  by 
hand  with  the  heavy  end  down.  The  stones  were  set 
plumb  and  close  together.  The  interstices  were  filled  with 
crushed  stone  or  gravel  and  then  tamped  and  rolled  and 
filled  with  a  cement  filler  composed  of  1  part  Portland 
cement  and  2  parts  coarse  sharp  sand. 

The  total  cost  of  the  26-ft.  roadway  was  99.6  ct.  per 
square  yard.  The  work  was  done  last  year  under  the  di- 
rection of  Mr.  George  H.  Randall,  City  Engineer. 


COST  OF  AUTOMOBILE  TRANSPORTATION  FOR 
THE  HIGHWAY  ENGINEER. 

\i'e  are  indebted  to  Mr.  A.  W.  Allen  of  the  Engineering 
Department  of  the  California  Highway  Commission  for  the 
following  data  on  the  operating  cost  of  a  1918  model,  5- 
passenger  Ford  touring  car,  covering  the  period  from  Oct. 
3,  1913,  to  Aug.  3,  1916.  The  car  was  used  by  Mr.  Allen 
as  engineer  on  highway  work  in  Southern  California;  one 
year  on  the  coast  and  two  years  on  the  desert  in  the  Im- 
perial Valley.  The  original  cost  was  $625  plus  $85  for  e.x- 
tras,  making  a  total  of  $710.  The  present  sale  value  is  es- 
timated at  $150.  The  total  mileage  is  27,320.  The  front 
tires  averaged  5,136  miles  and  the  rear  tires  averaged 
5,090  miles.  The  price  of  gasoline  varied  from  12  to  35 
cts. 

As  the  sale  price  of  Ford  automobiles  has  been  reduced 
from  $625  to  $410  since  1913,  a  comparative  statement  of 
the  operating  cost  on  the  basis  of  the  reduced  sale  price 
is  included.  The  operating  cost  for  the  period  from  Oct. 
3,  1913,  to  Aug.  1,  1916,  was  as  follows: 

Operating    Cost:  Total  cost.     Cost  per  mile. 

Gasoline.    1,536    gal $    293.S6  $0.01076 

17.8  miles  per  gal.;  av.  cost,  $0,191. 

Oil  and  grease  (55.6  gal.  oil) 39.05  .00143 

490  miles  per  gal.  of  oil. 

Tires — Tubes  and  casings 265.68 

Repair.-i    12.90  .01020 

Repairs   and  renewals 224.00  .00820 

Lights 13.10  .00048 

Garage     26.50  .00097 

License,   insurance  and  taxes 58.63  .00214 

Direct    operating    cost $    933.72  $0.03418 

Depreciation.    $710.    less    $150 560.00  .02050 

Interest  on  investment  at  7  per  cent  on  $430  S5.2S  ,  .00312 

Total    operating   cost $1,579.00  $0.05780 

Operating:  cos-  en  basis  of  present  sale  price 
of  Ford.   $410; 

Direct    operating   cost $    93S.72  $0.03418 

Depreciation.    $495.   less   $150 345.00  .01263 

Interest  on  investment  at  7  per  cent  on 
$322.50     60.22  .00220 

Total    cperating   cost $1,338.94  $0.04901 

In  a  paper  presented  at  the  last  annual  meeting  of  the 
Iowa  Engineering  Society  Mr.  W.  D.  Maxwell  gives  the 
following  data  on  the  operation  of  a  Ford  car  in  connec- 
tion with  his  work  as  County  Engineer  of  an  Iowa  County. 
Mr.  Maxwell  states  that  a  small  amount  of  additional 
equipment  should  be  added  to  the  Ford  as  it  comes  from 
the  factory,  but  there  is  no  necessity  for  loading  down 


the  car  with  superfluous  accessories.  The  extra  radius 
rod  trusses  are  a  good  investment  from  the  standpoint 
of  safety.  All  four  wheels  should  be  fitted  with  3y2-in. 
tires  because  of  the  great  convenience  of  having  all  tires 
alike,  and  because  the  large  tires  in  front  wear  longer. 
Some  arrangement  of  straps  or  hoops  alongside  the  body 
of  the  car  is  advisable  for  carrying  long  rods  and  other 
surveying  apparatus.  An  electric  starter  is  convenient 
but  is  not  essential. 

Mr.  Maxwell  is  of  the  opinion  that  it  is  not  economical 
for  the  county  engineer  to  drive  one  car  more  than  two 
seasons.  At  the  end  of  that  time  the  car  should  not  be 
worn  out  by  any  means  if  it  has  been  properly  taken  care 
of,  and  should  have  a  good  second  hand  value.  However, 
it  will  have  reached  the  point  where  considerable  tinker- 
ing and  more  or  less  repairing  is  necessary,  so  that  main- 
tenance is  much  higher,  and  worse  yet,  the  engineer  loses 
valuable  time.  Consequently  a  comparatively  new  car  is 
the  cheapest.  Under  some  conditions  a  new  car  each  year 
may  be  most  economical,  but  ordinarily  a  Ford  will  do 
fairly  well  for  two  running  seasons. 

The  cost  data  in  Table  I,  which  have  been  carefully 
compiled,  give  a  record  of  the  performance  of  the  same 
car  during  several  seasons,  and  also  affords  a  comparison 
between  an  old  car  and  a  new  one.  The  figures  are  not 
intended  to  represent  an  unusual  record,  but  simply  to 
show  how  transportation  has  been  obtained,  under  ordi- 
nary conditions  for  one  county  engineer. 

TOTAL   COST  INCLUDING  COST  OF  CAR. 
Car  No.  1. 

Complete  new  ccist $    660.00 

Sold    second-hand    tor 200.00 

Net   cost    $    460.00 

Total  maintenance    821.34 

Total $1,281.34 

or  6.34  ct.  per  mile  for  20,195  miles. 


STONE  BLOCK  GUARD  WALL. 

In  Switzerland  many  of  mountain  roads  have  guards 
made  of  concrete  blocks  or  rough  dressed  stones  placed  at 
intervals  of  2  ft.  or  3  ft.  This  plan  also  is  used  in  this 
country  on  many  side  hill  roads.  Sections  of  the  Columbia 
Highway  in  the  state  of  Washington,  for  instance,  have  a 


stone    Block    Guard    Wall    on    New   Jersey    Road. 

line  of  rough  boulders  on  the  embankment  side.  An  ex- 
ample of  a  protective  wall  of  this  kind  is  given  in  the  ac- 
companying illustration.  This  shows  the  road  leading 
from  Lambertville,  N.  J.  The  blocks  of  stone  are  about 
3^2  ft.  long  and  are  imbedded  about  1  ft.  in  earth.  They 
are  set  3  ft.  apart. 


Y.^ar. 

1913 

1914 

1915 

Miles. 
. .      6.520 
..    10.107 
. .       3.568 

. Gas-oH 

Gals. 

365 

598 

294 
1,257 

390 

ne ^ 

Cost. 
i  73.00 
96.80 
42.26 

Total    .. 
1915 

....20.195 
. .      6,074 

212.06 
51.69 

T.VBLE  I— MAINTENANCE  COST   OF  FORD  CAR. 


Gals. 


59 

25 

106 


-Oil- 


19  V4 


Cost. 

$13.20 
35.32 
15.05 
63.57 

11.35 


Car  No.  1. 

Labor 

on  car. 

$  16.40 

111.43 

49  70 

177.55 

Car  No. 

5.45 


New  parts. 

$  11.85 

91.76 

49.00 

132.61 

.10 


Repairs. 

$17.20 

17.60 

9.25 

44.05 

4.80 


-Tires- 


New. 

$  40.20 
57.45 
21.30 

118.95 


27.00 


Miscellaneous. 

$19.10 

14.10 

19.35 

52.55 

5.45 


Total. 

$190.95 
424.48 
205.91 
821.34 

106.04 


Per  mile. 

$2.93 
4.20 
5.80 
4.05 

1.75 


October  4, 
\^ol.  XLVI. 
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RULES  AND  REGULATIONS  FOR  CARRYING  OUT 
THE  FEDERAL  AID  ROAD  ACT. 

The  Secretary  of  Agriculture  early  last  month  made 
■  public  the  rules  and  regulations  for  carrying  out  the  Fed- 
eral Aid  Road  Act.  This  act,  it  will  be  remembered,  pro- 
vides for  an  expenditure  of  $75,000,000  during  the  next 
5  years  for  highway  improvement  purposes.  The  first  ap- 
propriation of  $5,000,000  for  the  fiscal  year  ending  June 
30,  1917,  already  has  been  allotted.  Some  of  the  regula- 
tions of  particular  interest  to  the  engineer  and  the  con- 
tractor follow: 

Surveys,  Plans,  Specifications  and  Estimates. 

Surveys  and  plans  shall  show,  in  convenient  form  and 
sufficient  detail,  according  to  accepted  engineering  prac- 
tice, necessary  data,  in  connection  with  the  specifications 
and  estimates,  to  enable  the  secretary  to  ascertain  and 
pass  upon  location,  grades,  drainage,  bridges,  other  struc- 
tures, special  and  unusual  features,  the  work  to  be  per- 
formed, and  the  probable  cost  thereof. 

Specifications  shall  set  forth  the  proposed  method  of 
construction,  type  of  construction,  materials  to  be  used, 
and  other  essentials,  in  such  detail  as  to  afford  complete 
knowledge  of  all  steps  to  be  taken  in  the  construction  of 
the  project. 

The  estimate  for  each  project  shall  show  the  estimated 
quantity  and  cost  of  each  item  of  construction  in  detail 
and,  separately,  the  10  per  cent  fund,  and  shall  not  in- 
clude any  expense  of  advertising. 

Rights  of  way  necessary  for  any  project  shall  be  pro- 
vided, and  any  incidental  damages  to  adjoining  property 
due  to  construction  work  paid,  by  or  on  behalf  of  the 
state,  and  the  expense  thereof  shall  not  be  included  in  the 
estimate  or  paid  in  any  part,  directly  or  indirectly,  by  the 
Federal  Government. 

Grade  crossings  shall  be  avoided  where  practicable. 
The  estimated  cost  of  eliminating  a  grade  crossing  shall 
not  include  any  amount  the  state,  county,  or  other  civil 
subdivision  has  received,  is  to  receive,  or  is  entitled  to 
receive,  directly  or  indirectly,  as  reimbursement  or  pay- 
ment from  the  owner  of  a  public  utility,  for  or  on  account 
of  such  elimination. 

No  part  of  the  expense  of  making  surveys,  plans,  speci- 
fications or  estimates,  by  or  on  behalf  of  the  state  prior 
to  the  beginning  of  construction  work,  shall  be  included  in 
the  estimate  or  paid  by  the  Federal  Government. 

When  plans,  specifications  and  estimates  have  been  ap- 
proved by  the  secretary,  no  alteration  thereof  shall  be 
made  without  his  approval. 

For  all  projects  for  which  statements  are  submitted 
after  December  31,  1916,  standards  governing  the  form 
and  arangement  of  plans,  specifications  and  estimates  will 
be  hereafter  prescribed  and  promulgated  by  the  secretary. 
No  part  of  the  Federal  money  set  aside  on  account  of 
any  project  shall  be  paid  until  it  has  been  shown  to  the 
satisfaction  of  the  secretary  that  adequate  means,  either 
by  advertising  or  by  other  devices  appropriate  for  the  pur- 
pose, were  employed,  prior  to  the  beginning  of  construc- 
tion, to  insure  the  economical  and  practical  expenditure 
of  such  money. 

Immediately  on  publication  of  advertisements,  copies 
thereof  shall  be  furnished  to  the  OflSce  of  Public  Roads. 

Bids  shall  be  in  such  form  that  the  unit  prices  at  which 
the  various  services  are  to  be  performed,  and  the  various 
materials  furnished,  will  be  clearly  shown. 

Copy  of  the  tabulated  bid  prices,  showing  the  unit  prices 
and  the  totals  of  each  bid  for  everj-  project,  shall  be  fur- 
nished promptly  to  the  Office  of  Public  Roads. 

In  advance  of  the  acceptance  of  any  bid,  sufficient  no- 
tice of  the  time  and  place  the  contract  is  to  be  awarded 
shall  be  given  to  the  Office  of  Public  Roads  to  enable  it, 
if  it  so  desire,  to  have  a  representative  present.  When 
a  bid  has  been  accepted  prompt  notice  thereof  shall  be 
given  to  the  Office  of  Public  Roads. 
If  the  contract  be  awarded  to  any  other  than  the  lowest 
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responsible  bidder,  the  Federal  Government  shall  not  pay 
more  than  its  pro  rata  share  of  the  lowest  responsible  bid, 
unless  it  be  satisfactorily  shown  that  it  was  advantageous 
to  the  work  to  accept  the  higher  bid. 

A  copy  of  each  contract  as  executed  shall  be  immedi- 
ately certified  by  the  State  Highway  Department  and  fur- 
nished to  the  Office  of  Public  Roads. 

The  specifications  and  plans  shall  be  made  a  part  of  the 
contract. 

No  alteration  in  such  contract  shall  be  made  without 
the  approval  of  the  secretary. 

Suitable  samples  of  materials  to  be  used  in  construction 
work  shall  be  submitted,  by  or  on  behalf  of  the  State  High- 
way Department,  to  the  Office  of  Public  Roads  whenever 
requested. 

Unless  otherwise  stipulated  in  writing  by  the  secretary 
or  his  authorized  representative,  materials  for  the  con- 
struction of  any  project  shall,  prior  to  use,  be  tested  for 
conformity  with  specifications,  according  to  methods  pre- 
scribed, or  approved,  by  the  Office  of  Public  Roads. 

Unless  otherwise  specifically  stipulated  in  the  project 
agreement,  bridges,  viaducts  and  under-passes  shall  have 
clear  width  of  roadway  of  not  less  than  16  ft.,  and  clear 
head  room  of  not  less  than  14  ft.  for  a  width  of  8  ft.  at 
the  center. 

No  part  of  the  money  apportioned  under  the  Act  shall 
be  used,  directly  or  indirectly,  to  pay,  or  to  reimburse  a 
.state,  county  or  local  subdivision  for  the  payment  of,  any 
premium  or  royalty  on  any  patented  or  proprietary  mate- 
rial, specification,  process,  or  type  of  construction,  unless 
purchased  or  obtained  on  open  actual  competitive  bidding 
at  the  same  or  a  less  cost  than  unpatented  articles  or 
methods  equally  suitable  for  the  same  purpose. 

The  supervision  of  each  project  by  the  State  Highway 
Department  shall  include  adequate  inspection  throughout 
the  course  of  construction. 

Written  notice  of  commencement  and  completion  of  con- 
struction work  on  any  project  shall  be  given  promptly  by 
the  State  Highway  Department  to  the  Office  of  Public 
Roads. 

Reports  of  the  progress  of  construction,  showing  force 
employed  and  work  done,  shall  be  furnished,  from  time  to 
time,  whenever  requested  by  the  secretary  or  his  author- 
ized representative. 

Labor,  teams,  materials  and  equipment  furnished,  in 
lieu  of  money,  by  or  on  behalf  of  the  State  Highway  De- 
partment on  construction  work  shall  be  used  only  on  such 
terms  and  conditions  as  are  set  forth  in  the  project  agree- 
ment. 

Records  and  Cost  Keeping. 

A  separate  account  for  each  project  shall  be  so  kept,  by 
or  under  the  direction  of  the  State  Highway  Department, 
as  to  enable  the  secretary,  or  his  authorized  representa- 
tive, to  ascertain  at  any  time  the  expenditures  on  and  the 
liabilities  against  the  project  and,  separately,  the  condi- 
tion of  the  10  per  cent  fund. 

Such  other  records  of  contract  and  force  account  work, 
and  of  inspections  and  tests  by  or  on  behalf  of  the  state, 
shall  be  kept,  by  or  under  the  direction  of  the  State  High- 
way Department,  as  will  enable  the  secretary,  or  his 
authorized  representative,  at  any  time  to  determine  the 
condition  of  the  construction  and  maintenance  of,  and  the 
cost  to  the  state  and  the  Federal  Government  of  the  con- 
struction work  and  labor  done  on,  any  project. 

The  accounts  and  records,  together  with  all  supporting 
documents,  shall  be  open,  at  all  times,  to  the  inspection  of 
the  secretary,  or  his  authorized  representative,  and  copies 
thereof  shall  be  furnished  when  requested. 

Certified  copies  of  payrolls  on  force  account  work  and 
of  all  vouchers  for  other  expenditures  shall  be  furnished, 
whenever  requested  by  the  secretary  or  his  authorized 
representative. 

Whenever  requested  by  the  secretary  or  his  authorized 
representative,  unit  costs  on  any  project  shall  be  kept,  on 
forms  furnished  by  the  Office  of  Public  Roads. 
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FACTORS    AFFECTING    THE    STRENGTH    AND 
PROPORTIONING  OF  GRAVEL  CONCRETES. 

Contributed  by  R.   J.   Borhek,  Tacoma,  Wash. 

From  the  results  of  the  investigations  of  the  Bureau 
of  Standards  on  the  strength  of  concretes  and  mortars 
and  the  many  private  investigations  for  strength  and 
properties  of  the  aggregates  the  writer  would  call  to  the 
attention  of  those  interested  the  salient  facts  affecting 
the  strength  and  proportioning  of  sand  gravel  concretes. 

This  paper  of  necessity  deals  with  the  local  aggregates 
as  regards  quality  and  the  few  general  remarks  contained 
regarding  density,  consistency  and  protection  will  apply 
equally  as  well  to  the  study  of  any  concrete  aggregate. 

The  aggregates  need  be  considered  for  quality,  size  and 
shape  insomuch  as  there  are  vast  differences  in  the  phys- 
ical qualities  and  composition  of  all  sands  and  gravels. 
In  the  comparison  of  aggregates  of  like  character,  quality 
has  a  greater  influence  on  the  strength  than  would  size 
or  shape. 

The  mineral  constituents  of  a  rock  determine  the  dura- 
bility to  a  marked  extent ;  if  the  rock  is  made  up  of  hard 
minerals  not  easily  soluable  it  will  afford  good  gravel. 
The  softer  and  easily  soluble  minerals  found  in  sedi- 
mentary and  metamorphic  rocks  of  schistose  structure  de- 
crease the  resistance  to  compressive  strength,  shearing, 
abrasion  and  toughness.  Fineness  of  grain  and  density 
of  structure  will  influence  the  physical  qualities  to  a  con- 
siderable extent  and  are  probably  the  chief  characteristics 
of  a  good  concrete  gravel. 

It  would  be  difficult  to  classify  the  local  gravels  on  ac- 
count of  the  variability  of  the  physical  properties  as  the 
rocks  of  the  same  type  having  the  same  mineral  composi- 
tion are  in  all  stages  of  alteration  due  to  heat,  pressure 
and  different  rate  of  cooling,  etc.  Atmospheric  weather- 
ing as  well  as  the  influences  of  chemical  changes  affect 
the  physical  properties  of  the  rock.  The  greater  propor- 
tion of  the  local  gravels  are  of  igneous  origin  and  of 
coarse-grained  crj'stalline  structure  formed  by  slow 
cooling  at  a  distance  below  the  earth's  surface. 

The  igneous  volcanic  rocks  present  are  of  finer  grain 
and  texture  having  been  expelled  either  by  eruption  or 
flow  and  subjected  to  more  rapid  cooling.  Of  the  first 
class  the  igneous  granitic  rocks,  which  form  probably  40 
per  cent  of  the  local  gravels  and  are  generally  of  inter- 
mediate size,  are  not  as  hard,  tough  or  as  resistant  to 
abrasion  as  the  finer  grained  small  sized  pebbles  of  purely 
volcanic  origin. 

The  preponderance  of  silicate  minerals  in  the  igneous 
rocks  offer  great  resistance  to  weathering  with  a  conse- 
quent degree  of  hardness  exceeding  that  of  sedimentary 
and  most  metamorphic  rocks. 

The  basalts,  diabase,  andesite  and  rhyolite  pebbles  of 
the  igneous  volcanic  variety  when  fresh  and  in  an  un- 
altered state  are  excellent  concrete  stone.  The  basalts 
and  diabase  pebbles  are  superior  to  the  porous  and  lighter 
andesites  and  rhyolites  of  the  local  deposits,  the  latter 
two  often  contain  much  rock  glass  and  are  uneven  in  tex- 
ture and  hardness  due  to  alterations  in  structure. 

The  diorites  and  gabbros  intermediate  between  the 
granitic  and  volcanic  pebbles  are  generally  very  hard  and 
highly  resistant  to  crushing,  although  containing  less 
quartz  or  silica  than  do  any  other  rocks  of  this  class. 

The  influences  of  glacial  abrasion  is  very  marked  with 
rocks  of  different  type,  the  shapes  varying  from  almost 
perfect  roundness  to  flat,  angular  pebbles  with  sharp 
edges. 

The  granitic  pebbles  are  more  round  and  of  more  even 
texture  than  the  other  igneous  rocks  except  where  an 
abundance  of  mica  or  altered  feldspar  is  present.  The 
specific  gravity  of  the  granitics  average  2.67. 

The  basalt  and  diabase  pebbles  are  sub-rounded  to 
angular  with  rounded  edges  and  show  an  even  wear,  fine 
texture  and  sharp  fracture.  The  basalts  are  variable  in 
hardness  and  appear  to  have  been  subjected  to  consider- 
able weathering,  also  structural  changes  due  to  high  de- 
gree of  fusion.  The  basalts  and  diabase  pebbles  are  high 
in  gravity,  ranging  from  2.69  to  2.85. 

The  andesites  and  rhyolites  are  generally  the  largest 


sized  pebbles  found  in  the  local  deposits,  are  rounded  to 
sub-rounded  in  shape,  porous  and  easily  detected  by  the 
rough  surface  and  irregular  hardness.  The  altered  struc- 
ture of  the  pebbles,  together  with  the  uncertainty  as  to 
hardness  make  them  poor  concrete  stone.  The  specific 
gravity  varies  from  2.50  to  2.68;  the  higher  gravity  given 
by  the  fresher  rocks. 

The  metamorphic  rocks,  of  which  there  are  possibly 
30  per  cent  present,  are,  as  a  rule,  of  good  quality,  include 
the  granite-gneiss,  white  and  green  quartzites  and  a  scat- 
tering of  schists.  Excepting  the  schists  the  pebbles  are 
rounded  to  sub-rounded  and  of  excellent  quality,  hard  and 
durable  and  as  a  result  should  be  highly  resistant  to 
wear.  The  high  percentage  of  silicate  materials  present 
in  the  quartzites  denote  great  crushing  strength.  The 
specific  gravities  range  from  2.65  to  2.70.  The  scattering 
of  schistose  pebbles  even  though  high  in  gravity  are  low- 
in  strength,  due  to  a  foliated  structure  and  the  presence 
of  much  mica  and  altered  feldspar.  The.  pebbles  assume 
an  angular  and  slabby  appearance,  have  sharp  edges  and 
splintery  fracture,  making  them  unfit  for  concrete  aggre- 
gate. 

The  sedimentary  rocks  are  almost  entirely  absent  in  the 
Steilacoom  gravels;  the  few  present  are  of  good  quality, 
particularly  the  close  grained  sandstones  and  cherts.  The 
Ban(]stones  are  angular  to  sub-angular,  while  the  cherts 
are  well  rounded  and  of  smaller  size.  These  rocks  denote 
great  crushing  strength  and  would  probably  be  highly 
resistant  to  wear.    They  range  from  2.55  to  2.70  in  gravity. 

The  pebbles  expelled  by  volcanic  action  found  in  some 
of  the  deposits  are  very  porous,  soft  and  of  such  poor 
quality  that  they  can  readily  be  ground  underneath  the 
heel.  The  pebbles  can  easily  be  detected  by  their  light 
gravity  and  variegated  coloring. 

The  range  in  quality  of  the  local  gravels,  considering 
the  entire  Puget  Sound  Region,  would  probably  show  a 
difference  of  several  hundred  per  cent  in  strength  as  con- 
crete aggregate. 

Bureau  Standards  Bull.  No.  58  shows  range  from  888- 
lb.  to  4,100  lb.  in  compressive  strength  for  1-2-4  concrete 
at  28  days  for  the  eleven  samples  tested. 

Size  and  shape  of  the  gravel  will  affect  the  density  of 
a  considerable  extent  and  as  a  result  have  a  direct  bear- 
ing on  the  compressive  strength,  although  not  to  the  ex- 
tent as  affected  by  the  quality  of  the  aggregate.  The 
effect  of  the  size  of  coarse  particles  has  been  determined 
within  certain  limits,  and  it  appears  that  the  larger  the 
aggregate  the  greater  the  strength  of  the  concrete  on  ac- 
count of  the  displacement  of  the  finer  particles  by  the 
coarse  allowing  an  excess  of  mortar.  Within  the  limits 
of  the  mix  for  maximum  density  additional  coarse  aggre- 
gate can  be  used  to  great  advantage,  especially  in  the  rich 
proportions.  Too  lean  a  mixture  and  a  sloppy  consistency 
will  cause  honeycombing  by  the  use  of  too  great  a  pro- 
portion of  the  larger  sized  aggregate. 

Conclusions  regarding  the  effect  of  shape  of  particles 
are  more  difficult  to  understand.  The  chief  difficulty  ap- 
pears to  be  to  determine  the  effect  of  shape  when  com- 
bined with  the  sand.  Rounded  and  angular,  sub-rounded 
and  sub-angular  particles  appear  to  be  equally  as  effec- 
tive in  producing  dense  concrete  and  no  particular  shape 
of  particle  seems  to  give  the  greatest  density  or  strength. 

In  general  the  more  rounded  the  gravel  the  denser  the 
gravel,  the  sub-rounded  or  sub-angular  particles  will 
have  a  higher  void  content  and  yet  yield  as  strong  a  con- 
crete when  mixed  w-ith  the  same  sand  and  cement.  To 
what  extent  shape  of  particles  affect  the  strength  of  the 
sand,  gravel  cement  mixture  would  bear  much  investiga- 
tion. 

The  roughness  or  smoothness  of  the  pebble  would  un- 
doubtedly have  considerable  influence  on  the  wedging  ac- 
tion of  the  sand  grains  holding  apart  the  coarse  aggre- 
gate; to  what  extent  this  would  be  neutralized  by  a  water 
film  in  lubricating  the  surfaces  is  not  known. 

In  quality  sands  are  directly  comparable  to  gravels,  the 
better  quality  affording  the  greater  strength. 

The  size  of  sand  grain  that  will  best  combine  with  a 
given   gravel   is   as   yet   unknown.     As   a   broad  general 
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statement   a   coarse   sand   combines   best   with   a   coarse 
gravel  and  a  fine  sand  combines  best  with  a  fine  gravel. 

The  tests  recorded  in  Bull.  No.  58,  Bureau  of  Standards 
were  made  with  sands  considerably  finer  than  the  local 
sands  and  gave  excellent  results.  In  fact  the  results 
obtained  do  in  some  instances  e.xceed  the  strengths  of  the 
best  coarse  and  well  graded  sand  gravel  mixtures  of 
local  use. 

Quoting  from  Bull.  No.  58,  Standards  Bureau : 

■'Contrary  to  general  practice  and  opinion  the  relative 
value  of  several  fine  aggregates  to  be  used  in  concrete 
cannot  be  determined  by  testing  them  in  mortar  mixtures. 
They  must  be  tested  in  the  combined  state  with  the  coarse 
aggregate. 

"Contrary  to  general  practice  and  opinion  the  relative 
value  of  several  coarse  aggregates  to  be  used  in  concrete 
cannot  be  determined  by  testing  them  with  a  given  sand 
in  one  arbitrarily  selected  proportion.  They  should  be 
tested  in  such  combination  with  the  fine  aggregate  as  will 
give  maximum  density,  assuming  the  same  ratio  of  cement 
to  total  combined  aggregate  in  all  cases." 

The  few  compressive  tests  of  the  local  aggregates  in 
which  the  proper  data  has  been  recorded  readily  bear 
out  the  above  statements. 

The  percentage  of  voids  and  the  absorptive  quality  of 
the  aggregates  are  important  in  controlling  the  consis- 
tency of  the  mixture. 

The  consistency  has  considerable  influence  of  the  ulti- 
mate strength  and  as  such  is  next  in  importance  to  the 
quality  of  the  aggregate. 

The  aggregates  are  generally  free  from  any  injurious 
internal  changes  due  to  the  addition  of  water  and  cement 
€xcept  that  the  high  degree  of  absorption  of  a  weak  aggre- 
gate under  marked  temperature  change  might  seriously 
affect  the  strength. 

Gravel  and  sand  usually  require  less  water  in  mixing 
than  do  crushed  rock  and  screenings,  due  to  the  lower 
voidage  in  the  sand  gravel  mixture.  The  Steilacoom  sands 
and  gravels  are  so  nearly  constant  in  absorption  that  no 
considerable  difference  in  consistency  would  occur  should 
"we  neglect  absorption  entirely. 

There  is  a  vast  diflference  in  the  amount  of  water  the 
sands  will  retain  at  complete  saturation,  and  as  a  conse- 
quence concrete  of  varying  consistency  with  the  resulting 
honeycombing,  laitance,  separation  and  other  evils  of  the 
much  abused  and  little  understood  structural  material  are 
allowed  to  multiply. 

At  complete  saturation  the  local  sands  will  retain  from 
11  to  16  per  cent  of  moisture  by  weight. 

Measured  in  pounds  or  gallons  the  amount  of  water  for 
sand  cement  mortars  will  vary  3  per  cent  for  like  con- 
sistency; this  variation  is  due  to  the  difference  in  fine- 
ness, coarseness  and  graduation  of  the  particles.  The 
coarse  sands  with  low  voidage  require  less  water  and  us- 
ually show  the  highest  strength  in  mortars,  but  not  by 
any  means  the  strongest  when  combined  with  the  coarse 
aggregate  in  concrete. 

The  amount  of  water  used  in  gauging  our  local  cements 
will  vary  20  per  cent  for  mortars  of  like  consistency,  with 
an  average  variation  of  10  per  cent  for  the  three  cements 
in  most  common  use. 

Consistency  of  the  mi.xture,  in  other  words  the  amount 
of  water  to  use  to  mix  concrete  is  probably  as  important 
as  the  amount  of  cement  used. 

Bull.  No.  58  shows  a  variation  of  200  to  300  per  cent  in 
the  compressive  strength,  due  to  variation  of  10  to  20 
per  cent  in  the  amount  of  water  used. 

The  Bulletin  states  in  conclusion :  "The  compressive 
strength  of  concrete  may  be  reduced  by  the  use  of  an 
excess  of  water  in  mixing  to  a  fractional  part  of  that 
which  it  should  attain  with  the  same  materials.  Too  much 
emphasis  cannot  be  placed  upon  the  injurious  effect  of  the 
use  of  excessive  quantities  of  water  in  mixing  concrete." 

In  the  light  of  long  time  tests  (up  to  3  years")  the  preva- 
lent idea  that  an  excess  of  water  causes  the  ultimate 
strength  to  be  retarded  during  the  early  periods,  the  fol- 
lowing is  offered  for  a  somewhat  extended  investigation: 
Tests  of  "The  Effect  of  Excess  Mixing  Water  on  1-2-4 
Concretes,"  by  Board  of  Water  Supply,  New  York  City. 
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The  aggregates  were  granite  and  limestone  with  natural 
screenings  from  the  coarse  aggregates.  Water  reduced 
from  10  per  cent  to  8.5  per  cent.  Three  mpnths,  10  per 
cent  decrease;  1  year,  15  per  cent  decrease;  2  years,  20 
per  cent  decrease;  3  years,  40  per  cent  decrease. 

Method  and  time  of  mixing  play  an  important  part  in 
the  quality  of  the  product.  The  time  of  mixing  is  influ- 
enced by  the  amount  of  water  used  as  well  as  by  the 
efficiency  of  the  mixer.  Excessive  mixing  with  excessive 
water  appears  to  decrease  the  strength;  the  same  is  noted 
with  excessive  water  and  insuflficient  mixing.  Excessive 
mi.xing  with  minimum  water  will  yield  strong  concrete. 

With  some  cements  the  mixing  time  could  be  continued 
beyond  the  period  of  initial  set  and  an  excellent  result  be 
had.  In  fact  this  has  been  done  in  many  instances  and  a 
product  of  excellent  quality  obtained.  In  this  process  the 
retention  of  enough  water  to  effect  proper  hydration  is 
vital  and  some  means  should  be  taken  to  prevent  rapid 
evaporation. 

The  effect  of  moisture  content  is  more  marked  with  the 
sand  than  with  the  gravel,  due  to  the  great  number  of  fine 
particles  in  the  sand  as  compared  with  the  gravel.  This 
difference  in  moisture  content  may  cause  a  difference  of 
15  to  20  per  cent  of  the  amount  of  water  used  in  gaging 
and  is  one  of  the  chief  difllculties  of  proper  proportioning. 

Increasing  the  amount  of  water  will  increase  the  volume 
or  bulk  of  the  sand  up  to  a  certain  point;  an  additional 
increase  in  moisture  will  cause  the  sand  to  decrease  in 
volume.  Increased  volume  or  bulk  means  increased  voids. 
At  complete  saturation  the  bulk,  volume  or  voidage  de- 
crease to  about  the  original  value.  Handling  the  sand  will 
cause  a  re-arrangement  of  particles  and  result  in  a  dif- 
ferent degree  of  compaction  influencing  the  void  content. 

A  study  of  sand-gravel-cement-water  mixture  at  this 
stage  of  the  manufacture  would  undoubtedly  reveal  some 
interesting  facts. 

A  study  of  the  sands  to  determine  at  what  degree  of 
saturation  dispersion  occurs  would  be  of  value  in  deter- 
mining the  proper  amount  of  water  to  use  in  mixing. 

Some  means  of  controlling  the  moisture  or  having  the 
sand  at  a  constant  state  of  saturation  would  seem  advis- 
able. 

In  checking  the  amount  of  water  used  in  mixing,  the 
writer  has  never  been  able  to  find  less  than  9  per  cent 
of  water  in  use  except  in  hand  mixed,  hand  tamped  side- 
walk work  where  it  was  essential  that  the  topping  could 
be  placed  immediately.  The  customary  practice  for  street 
paving  has  been  from  10  to  10.5  per  cent  water  and  for 
building  construction  10  to  12  per  cent  with  the  use  of 
local  aggregates.  The  use  of  8  to  8.5  per  cent  water  will 
allow  spouting  with  most  any  well  balanced  mix  of  the 
local  aggregates. 

As  the  water  content  is  best  expressed  as  a  per  cent 
of  the  total  weight  of  the  dry  materials  some  means  of 
weighing  a  constant  volume  of  the  materials  at  a  constant 
degree  of  compaction  with  a  known  moisture  content 
would  appear  practicable  for  proportioning.  Probably 
some  mechanical  means  of  controlling  the  consistency 
could  be  devised  rather  than  have  the  attendant  use  "eye 
judgment"  when  charging  the  mixer. 

Experiments  are  now  being  conducted  to  eliminate  all 
water  except  that  necessary  to  effect  proper  hydration 
and  combine  the  aggregates.  The  work  thus  far  carried 
on  tends  to  show  excellent  results  as  regards  density. 

The  many  suggestions  regarding  proportioning  are  as 
yet  unsatisfactor\'  in  that  the  maximum  strength  is  not 
obtained  by  any  fixed  rule,  the  variables,  size  and  shape 
of  aggregates,  degree  of  compaction  and  moisture  are  so 
elusive  that  the  many  refinements  called  for  in  practice 
are  oftentimes  of  no  value.  Void  proportioning  without 
knowing  range  in  compaction  of  the  aggregate  will  yield 
concrete  of  varying  density  and  strength.  Loose  voids, 
medium  compact  and  compact  voids  will  cause  a  varia- 
tion in  the  weight  per  cubic  foot  of  the  dry  local  aggre- 
gates as  much  as  20  per  cent.  A  sand  having  27  per  cent 
voids  in  a  compacted  state  will  show  39  per  cent  loose. 
The  true  voidage  under  working  condition  will  be  about 
33  per  cent.  The  total  weight  of  the  sand  gravel  mixture 
compacted  by  shaking  may  be  141  lb.  per  cu.  ft.,  the  total 
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amount  of  other  ingredients,  cement  and  water,  contained 
in  1  cu.  ft.  of  concrete  an  additional  35  lb.,  theoretically 
a  total  of  175  lb.,  the  concrete  will  weigh  under  the  best 
conditions  about  156  cu.  ft.  There  is  unquestionably 
some  great  deficiency  between  the  theoretic  ideal  and  the 
practical  result. 

Density  appears  to  be  one  of  the  controlling  factors 
required  "for  greatest  strength,  and  in  the  many  tests  illus- 
trated in  Bull.  No.  58  in  the  majority  of  cases  maximum 
density  gave  ma.ximum  strength. 

Maximum  strength  for  the  rich  mixtures  appears  to  be 
obtained  by  arbitrary  proportions,  without  regard  for 
the  proportions  for  maximum  density.  In  the  lean  mix- 
tures this  is  not  as  noticeable  as  the  amount  of  cement 
used  is  in  a  great  measure  the  index  to  the  strength,  and 
we  approach  the  cement  carrying  capacity  of  the  sand  by 
"thinning  out"  the  cement. 

It  has  been  well  established  that  there  is  a  definite  rela- 
tion between  the  compressive  strength  and  the  amount  of 
cement  to  total  aggregate;  with  the  relative  amount  of  fine 
and  coarse  aggregate  fixed  the  richer  the  cement  content 
the  greater  the  strength. 

In  the  rich  mix,  1  to  6,  the  percentage  of  coarse  aggre- 
gate material  passing  theli-in.  screen  may  be  as  high  as 
20  per  ^ent,  with  very  little  resulting  loss  in  strength. 
This  loss  is  more  noticeable  in  the  leaner  mixes;  when 
there  is  a  large  proportion  of  sand  in  the  coarse  aggre- 
gate too  great  a  burden  is  placed  on  the  cement. 

How  best  to  obtain  concretes  of  maximum  density  and 
strength  would  require  the  testing  of  all  available  aggre- 
gates in  differing  proportions  of  fine  to  coarse  and  in- 
corporating them  in  the  work  in  the  proportion  thus  fixed 
upon.  It  might  be  possible  to  test  the  dry  aggregate  to- 
gether with  the  cement  and  obtain  results  directly  com- 
parable with  the  concrete  made  therefrom. 

Impermeable  concretes,  such  as  are  used  in  bridge  piers 
abutments,  sea  walls  or  works  of  like  character,  even 
though  very  dense  are  not  necessarily  the  strongest  that 
could  be  made  with  the  given  materials.  Where  the  sand 
is  too  coarse  the  addition  of  sufficient  fine  material  will 
yield  impermeable  concrete.  This  important  fact  is  too 
often  neglected  and  impermeability  is  unwittingly  sacri- 
ficed for  strength  where  the  additional  strength  is  not 
needed. 

Consistency  of  the  mixture  appears  to  play  an  important 
part  in  obtaining  density,  the  lower  the  water  content  the 
greater  the  density.  This  holding  true  to  a  point  where 
the  minimum  amount  of  water  will  just  yield  a  quaking 
mix.  There  appears  to  be  some  critical  point  at  which  the 
water  is  most  effeftive  in  yielding  concretes  of  greatest 
strength  and  density. 

The  extreme  density  of  bituminous  paving  mixtures  is 
undoubtedly  due  to  the  absence  of  water.  A  mixture 
wherein  a  well  graded  mineral  aggregate  is  bound  to- 
gether by  bitumen  and  compressed.  The  plastic  semi- 
fluid mass  in  many  cases  shows  but  2  per  cent  voids  in  the 
finished  paving.  Concrete  on  the  other  hand  will  show 
under  present  methods  a  probable  minimum  of  6  per  cent 
voids.  It  would  appear  that  the  nearer  we  could  approach 
the  conditions  of  the  paving  mix  using  cement  as  a  paste 
the  better  would  be  the  result. 

Tamping  is  undoubtedly  of  great  benefit  and  should  be 
resorted  to  wherever  possible.  The  final  mixing  and  con- 
solidation due  tamping,  together  with  the  necessary  de- 
crease in  water  content  to  effect  proper  tamping,  will  yield 
concrete  of  greater  strength  and  density  than  would  other- 
wise be  possible.  Tamping  has  proven  to  be  one  of  the 
most  effective  ways  to  prevent  arching  and  reduce  water 
and  air  voids. 

About  7  per  cent  of  water  to  total  weight  of  dry  materi- 
als is  best  suited  for  tamping  consistency  with  the  local 
aggregates. 

Atmospheric  conditions  during  curing,  together  with 
proper  protection,  will  influence  the  strength  to  a  consid- 
erable extent.  The  retention  of  the  proxjer  amount  of  wa- 
ter to  effect  proper  hydration  is  of  much  importance  in 
obtaining  concrete  of  good  quality. 

The  gain  in  strength  of  properly  cured  concrete  would 


more  than  compensate  for  the  cost  of  continual  wetting 
down;  this  is  too  often  neglected  in  building  construction. 

The  commendable  work  of  the  Bureau  of  Standards  will 
have  a  lasting  influence  in  disabusing  our  minds  of  arbi- 
trary standards  and  enlighten  the  concrete  worker  as  to 
the  reason  of  his  failures. 

In  every  locality  a  systematic  series  of  investigations 
together  with  compressive  tests  should  be  made.  This 
would  of  necessity  be  a  public  work  and  should  be  taken 
up  as  such  by  the  state  or  city  ofiicials  in  charge  of  public 
works.  The  results  would  be  of  inestimable  value  in 
afii.xing  proper  standards  and  affording  knowledge  as  to 
the  relative  value  and  proportions  of  any  given  aggre- 
gate. Just  how  many  millions  of  dollars  are  wasted  an- 
nually by  the  improper  use  of  concrete  time  alone  will 
tell. 


SOME  ENGLISH  COSTS  ON  THE  COLLECTION  OF 
REFUSE  BY  ELECTRIC  VEHICLES. 

The  town  of  Nottingham,  England,  during  the  past  year  . 
has  used  electric  vehicles  for  the  collection  of  refuse. 
These  motors  are  equipped  with  Edison  storage  batteries. 
The  following  figures  on  the  cost  of  operation  are  ab- 
stracted from  a  paper  presented  at  the  last  annual  con- 
ference of  the  Institute  of  Cleansing  Superintendents,  by 
J.  Terry,  cleansing  superintendent,  Nottingham: 

During  six  months  ending  July  1,  li^l5,  the  cost  of 
emptying  dry  ashbins  by  horse  vehicle  in  Nottingham 
averaged  4s.  4d.  per  ton,  but  owing  to  the  increased 
charges  for  horse-keep,  wages,  etc.,  the  cost  is  now  5s. 

The  No.  1  motor  was  delivered  on  Oct.  15,  1915,  com- 
menced work  on  the  18th,  and  has  been  in  use  daily  ever 
since.  During  the  six  months  ending  April  15th  it  carried 
422  loads,  weighing  1,288  tons,  at  a  cost  of  *£241  13s.  14d., 
which  IS  equal  to  3s.  9d.  per  ton,  the  average  weight  per 
load  being  3.05  tons. 

The  costs  are  made  up  as  follows : 

£    s.  d, 

Dep.-eeiation  at  10  per  cent -. 52  13  0 

Insurance     ■■•■  ;     "  '' 

Oil,  water,  repairs,  etc.  (allowed) it     •'  » 

Tires.    l,81!i   miles   at   l.ld ,,     5  o 

Current,  2,541  miles  at  IVjd •. 1^     *  » 

Wages   ^"1  1^  S 

£241  13  10 

For  the  six  months  ending  July,  1916,  1,167  tons  of 
refuse  were  removed,  at  a  cost  of  £253,  or  4s.  4d.  per  ton, 
which  is  exactly  the  same  as  the  cost  of  horses,  as  men- 
tioned above;  but  it  must  be  remembered  that  the  condi- 
tions then  were  the  same  as  before  the  war.  Under  existing 
conditions,  the  cost  is  5s.,  thus  showing  8d.  per  ton  in 
favor  of  the  motor,  which  means  that  if  all  the  dry-ash 
refuse  were  removed  by  motors  a  saving  of  over  £1,000 
per  annum  would  be  effected,  and  this  in  a  town  not  con- 
sidered best  adapted  to  motor  traction  for  this  class  of 
work.  These  are  the  results  obtained  by  the  No.  1  motor; 
the  figures  for  the  No.  2,  which  has  been  at  work  daily 
since  March  13th,  are  identical. 

Mr.  Priestley,  cleansing  superintendent,  Sheffield,  whose 
experience  of  electric  motors  in  the  collection  of  house 
refuse  is  greater  than  that  of  any  other  superintendent,  re- 
cently presented  a  report  to  his  committee,  containing  the 
following  figures: 

No.  1  Vehicle.— Day  Work  Costs  for  22  Weeks. 

Refuse  collected,  S5S  tons.   6  cwt.,  1  qr.  „         j, 

£    s.   d. 

,,.,„^„  154  15    8 

u  ages   ,„     7    J 

Vehicle  costs Tq  ii    c 

Electricity.    3,269    units ^^     n    8 

Tires,    2,16S  .  miles "    "    ° 

£217  15  10 
Cost   per   ton.    r.s.    O.Sd. 
Cost  of  one  month's  work  on  same  districts  with  horse  labor: 

Refuse  collected,  167  tons.  19  cwt..  2  qr.  £    •,    d 

,     ,  59   "i    9 

Cost    

Cost  per  ton.  7s.  0.4d. 
No    1  A'ehicle.— Night  Worl<   Costs  for  Tyenty-one  Weeks. 

Refuse  removed.    1.142   tons,    IS  cwt..    1   qr.  £    s    d 

72   "a    8 

^)^"«f    ■••; .■■••; .    ns  10  s 

\  eh'cle  costs   ,o  •>  ii 

Klectricitv,    2.927   units '^  ,■-    g 

Tires.    1.8S0   miles ••■ 

£130  14    8 

•£  =  $1.86;  s.  =  24  ct.;  d.  =  2  ct. 
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Cost  per  ton,  2s.  3.4(1. 

Cost  ot  three  months'  work  on  same  districts'  with  horse  labor: 

Refuse  removed,  473  tons,  11  cwt.,  2  qr. 


Cost 


Cost  per  ton,   3s.   3. 2d. 

No.  2  Vehicle. — Day  Work  Costs  for  Six  Weeks. 

Refuse  collected,  314  tons,  4  cwt.,  3  qr. 


\Vases     

Vehicle  costs   

Electricity.   670  units. 
Tire.-i.    417    miles 


c 

s. 

(1. 

10 

3 

£ 

s. 

(1. 

47 

10 

B 

10 

19 

3 

2 

15 

10 

1 

14 

9 

Cost   per   ton.   4s.   O.ld. 
t'ast  of  one  month's  Avork  on  same  district  with  horse  Ial>o 
Refuse  collected,  204  tons. 


.CC3     0    3 


Cos  I 


:;s  16     0 


Cost  per  ton,    '..s.  9.6d. 

No.   2  Vehicle. — Night  Work  Costs  for  Six  Weeks. 

Refuse  removed.   406  tovis,  13  cwt.,  2  qr. 

£    s.  d. 

'\  ages    ; 21  18  0 

\  chicle  costs 10  19  3 

Electricity,  75S  units' ; 3    3  2 

Tires,    459   miles 1  18  3 


£37  18     S 
Cost  per  ton.  Is.  10.3d. 
Cost  of  one  month's  work  on  same  district  with  horse  labor; 
Refuse  removed,  440  tons,  S  cwts. 

£    s.   d. 

Cost    55  10     2 

Cost  per  ton.   2s.   i:.2d. 

Ml'.  Jackson,  cleansing  superintendent,  Birmingham, 
who  has  been  working  an  "Orwell"  dust  van  since  May 
29th,  reports  that  it  is  equal  to  2,5  horses. 


PROPOSED    $1,500,000    HIGHWAY    SYSTEM 
STANISLAUS  COUNTY,  CAL. 


FOR 


The  Supervisors  of  Stanislaus  County,  California,  con- 
template a  $1,500,000  bond  issue  for  the  construction  of  a 
system  of  highways.  The  plan  calls  for  the  surfacing  of 
approximately  126.1  miles  of  road,  with  a  l:2i2:5  con- 
crete base  of  a  minimum  thickness  of  4  in.,  and  a  wearing 
surface  to  consist  of    a    mixture    of    asphaltic    oil    and 


ment  of  the  controlling  levers  which  makes  Cincinnatus 
paving  mixers  so  convenient  to  operate.  All  the  levers 
controlling  the  loading  skip,  the  water  control  and  the  dis- 
charge chute  are  operated  from  a  platform  on  the  dis- 
charge end  of  the  mixer  so  that  the  operator  has  every- 


Ideal    Cincinnatus    Traction    Paver. 

thing  under  his  control  and  can  keep  the  whole  gang  go- 
ing  at  top  speed.  All  the  levers  controlling  the  traction 
gears  are  conveniently  placed  where  the  operator  can 
walk  right  along-  beside  the  mixer  and  see  that  it  is  run- 
ning on  the  planks.     These  equipments  are  made  in  5,  7 


T.VBI.E    I.- 


-ESTni.VTKn    COSTS    AND    TYPES    OF   CONSTRUCTION    FOR    PlIOFOSED    HIGHWAY    SYSTEM    OF    STANISLAUS    COUNTY. 

CALIFORNIA. 


Kind  of  wearing  .surface. 
Oil  screenings  and  bitucrete. 
Oil  screenings  and  bitucrete. 
Bitucrete. 
Oil  screenings. 
Oil  screenings. 
Oil  screenings. 
Oil  screenings. 

Oil  screenmgs  and  bitucrete. 
Bitucrete. 
Bitucrete. 
Bitucrete. 
Bitucrete. 
Bitucrete. 
Oil  screenings. 
Oil  screening.s. 
Oil  screenings. 


Name  of  road. 
Hickman-Thalheim  . 
Waterford   

W  idth.  feet. 
.    12.    16    &    20 
.        12    &    16 

16 

10 

12 
12    &    16 

12 
■  2    &    16 
.    -         16 

16 

16 

16 

16 

12 

12 

12 

Lengtii. 

miles. 

17,054 

20  190 
6.200 
3.510 
6.600 

17.900 
4.005 
7.400 
3.750 
2.243 

19.430 
5.400 
4.040 
3.700 
4.400 
0.322 

f 

Grading,  ce 
ment-con- 
crete  base 
and  wear- 
ing surface 
$    171.688 
219,472 
67,051 
36,893 
58,603 
196,533 
41,577 
S1.917 
40,221 
24,513 
227,399 
64,575 
45,123 
32,555 
44,230 
5,685 

$1,358,035 

Jos't  of — 

Cul- 
verts 
and 
bridges. 
?  7.850 
3.190 
2.050 
2,430 
4,410 
10,530 
1,040 
4,470 
1.870 
2,200 
4,150 
280 
3,140 
1,640 
3,070 

Engi- 
neering 
and  in- 
spection. 
$  9.064 
11,266 
3,519 
1,984 
3.178 
10,473 
2,181 
4,359 
2.124 
1,347 
11,696 
3,273 
2,434 
1,725 
L.3S6 
286 

Total  cost. 
?    188.602 

233.928 
73. £20 
41.307 
66.191 

217.536 
45,398 
90.740 
44.'215 
28,060 

243,245 
68.128 
50,697 
35,920 
49.6S6 

■  5,971 

Material  for  cemei 

base. 

Barrels    Tons 

cement,     sand. 

19.780         9.494 

23.777       11,413 

8.060         3,869 

4.563         2,190 

6,43.5         3,089 

20,177         9,685 

3,905         1.874 

8.320         3.994 

4.875         2.340 

2.916         1.400. 

25.259       12,124 

7,020         3,370 

5,252         2,521 

3,608         1,732 

4,290         2,059 
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It-concrete 

Tons 
rock. 

19,780 

23.777 

8.060 

4.563 

Hughson-Turlock    . . . 
Crows   Landing 

6.435 

20,177 

3,905 

8.320 

4.875 

Irwin  City 

Newman -Westley  

2.916 

25.259 

7.020 

5.252 

Cirmichael    

i'<>cl-with    

Oakdale    

3.608 

4.290 

309 

Crand  tntpls 

126.144 

$53,520 

$71,295 

$1,482,850 

148,546 

71,302 

148.546 

screenings.  The  oil  is  to  be  applied  at  the  rate  of  approxi- 
mately 1  J  gal.  to  the  square  yard  of  surface  and  enough 
screenings  added  to  take  up  all  surplus  oil. 

The  16-ft.  concrete  roads  are  to  have  a  width 
out  to  out  of  earth  shoulders  of  24  ft.,  the  12-ft.  concrete 
roads  are  to  have  a  width  out  to  out  of  earth  shoul- 
ders of  20  ft.  with  a  suitable  gutter  on  each  side  for 
drainage. 

In  a  report  to  the  County  Supervisors  E.  H.  Annear. 
County  Surveyor,  Modesto,  Cal.,  estimates  the  cost  of  the 
work  at"  $1,482,850.  Table  I,  from  his  report,  gives  some 
details  of  the  proposed  improvements. 


THE  CINCINNATUS  TRACTION  PAVER. 

One  of  the  latest  designs  of  traction  pavers  is  shown 
in  the  accompanying  illustration.  It  is  the  Ideal  Cincin- 
natus Mixer,  manufactured  by  the  Ideal  Concrete  Ma- 
chinery Co.,  Cincinnati,  O.  The  mixer  shown  is  equipped 
with  a  6  H.P.  steam  engine  and  an  8  H.P.  boiler.  The 
view  shoves  the  discharge  end  of  the  mixer  and  the  15-ft. 
discharging  chute,  which  can  be  swung  180  and  is  made 
in  three  hinged  sections,  which  enables  the  concrete  to  be 
distributed  evenly  and  quickly. 

This  particular  view  of  the  mixer  shows  the  arrange- 


and  10-ft.  sizes  and  are  also  supplied  with  gasoline  en- 
gines instead  of  steam  engines  at  reasonable  prices  if 
desired. 


ROAD  AND  BRIDGE  EXPENDITURES  IN  UNITED 
STATES. 

Rapid  increase  in  total  expenditures  for  roads  and 
bridges,  growth  of  building  and  maintenance  activities 
under  State  supervision,  and  a  sharp  decrease  in  the 
proportion" of  contributions  in  the  form  of  statute  labor 
mark  the  development  of  highway  work  in  the  United 
States  during  the  past  12  years.  These  facts  are  brought 
out  by  statistics  for  the  calendar  year  1915  recently 
compiled  by  the  Office  of  Public  Roads  and  Rural  Engi- 
neering of  the  U.  S.  Department  of  Agriculture. 

The  total  length  of  public  roads  in  the  United  State;; 
outside  the  limits  of  incorporated  towns  and  cities  wa.s 
about  2,452,000  miles  on  Jan.  1,  1916.  Of  this,  about 
277,000  miles,  or  11.3  per  cent,  were  improved  with  some 
form  of  surfacing.  The  mileage  of  surfaced  roads  has 
been  increasing  at  the  rate  of  about  16,000  miles  a  year,' 
and  in  1915  approximately  one-half  of  thi's  increase  wa<5 
made  under  the  supervision  of  State  highway  depart- 
ments.     In    addition    the.se    departments    supervised    the 
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maintenance  of  nearly  52,000  miles  of  main  and  trunk  line 
roads. 

The  increase  in  expenditures  for  road  and  bridge  work 
in  the  United  States  has  been  from  approximately  $80,- 
000,000  per  year  in  1904  to  about  $282,000,000  in  1915,  an 
increase  of  more  than  250  per  cent.  The  expenditure  of 
State  funds  during  this  same  period  increased  from  about 
$2,550,000  to  more  than  $53,000,000.  In  addition,  moru 
than  $27,000,000  of  local  funds  was  spent  under  State 
supervision  in  1915,  bringing  the  total  road  and  bridge 
expenditures  managed  by  the  States  to  $80,514,699.  This 
amount  is  greater  than  the  total  expenditures  for  roads 
and  bridges  from  all  sources  in   1904. 

The  growth  in  importance  of  the  State  highway  depart- 
ments has  been  rapid.  The  first  of  these  agencies  was 
created  in  1891  in  New  Jersey  and  now  some  form  of 
highway  department  exists  in  every  State  except  Indiana, 
South  Carolina,  and  Texas.  Since  their  inception  these 
departments  had  expended  to  Jan.  1,  1916,  an  aggregate 
of  $265,350,825  in  State  funds  for  road  and  bridge  con- 
struction, maintenance,  and  administration.  They  had 
constructed  over  50,000  miles  of  roads  in  co-operation 
with  the  States.  More  than  40,000  miles  of  these  roads 
were  surfaced. 

The  falling  off  in  the  value  of  road  work  performed  by 
statute  and  convict  labor  was  from  $20,000,000  in  1904, 
when  the  total  road  expenditures  were  $80,000,000,  to 
about  $15,000,000  in  1915,  when  the  total  expenditures 
had  grown  to  $282,000,000.  This  was  a  reduction  from 
25  per  cent  of  the  total  in  the  former  year  to  less  than 
a'l"  per  cent  of  the  total  in  1915. 

An  increase  in  the  use  of  better  and  more  expensive 
types  of  roads  also  is  shown  by  the  recently  compiled 
.statistics.  This  development  has  been  due,  in  large  part, 
to  the  great  increase  in  automobile  traffic.  It  is  esti- 
mated that  there  are  now  approximately  2,500,000  auto- 
mobiles in  use  on  the  roads  of  the  country,  or  1  car  for 
every  mile  of  road.  This  present  motor  traffic  is  in  ex- 
cess of  traffic  of  all  sorts  12  years  ago. 

The  cash  road  and  bridge  expenditures  of  the  United 
States  averaged  only  $28  per  mile  of  rural  road^in  1904. 
In  1915  this  average  had  grown  to  $109  per  mile.  New 
Jersey  led  all  other  States  both  in  1904  and  in  1915  with 
$221  and  $475  per  mile,  respectively.  Nevada  made  the 
least  expenditure  in  both  years — $3.72  per  mile  in  1904 
and  $17  per  mile  in  1915. 


ROAD  SIGNS  FOR  JEFFERSON  HIGHWAY. 

An  interesting  system  of  pole  markings  for  direction 
signs  will  be  employed  on  the  Jefferson  Highway.  At 
any  turn  or  divergence  there  will  be  five  pole  marks  as 
follows: 

Five  or  six  poles  at  each  cross  or  intersecting  road  will 
be  painted,  as  shown  by  diagram,  indicating  the  route 
of  the  trail.     The   strip  will   commence   8   ft.   from  the 


■set;; 


s"Blu£ 
J^  \*-i2-WmT£ 
6"  Blue 


11 


Mark  three  poles 
each  side  of  iater- 
section  on  straight 
way. 


r«;4ti-/£?- 


Diagram  showing 
correct  pole  mark- 
ing. 


1 


Mark  one  pole  at  cor- 
ner and  two  poles  each 
side  of  turns  at  inter- 
sections. 


Pole  Marking  System  for  Jefferson  Highway. 

ground  with  a  6-in.  band  of  blue;  above  this  there  will  be 
a  12-in.  band  of  white;  above  this  another  6-in.  band  of 
blue.  The  monogram  initials  J-H  will  be  in  black  on  the 
white  facing  of  the  trail.  Two  coats  of  paint  will  be  ap- 
plied, the  blue  being  the  shade  of  the  blue  in  the  na- 
tional flag.  Metal  signs  will  be  furnished  by  the  asso- 
ciation to  the  extent  of  one  sign  to  each  mile  of  highway 


in  the  county.  These  signs  are  to  be  placed  by  the  sev- 
eral counties  on  substantial  posts  at  each  cross  road  or 
diverging  road  as  follows: 

First:  If  the  highway  is  straight  ahead,  the  sign  must 
be  placed  parallel  with  the  highway  near  the  fence  or 
property  line. 

Second:  If  the  highway  turns  to  the  right,  the  sign  is 
to  be  placed  at  an  angle  of  45  across  the  left-hand  cor- 
ner. 

Third:  If  the  highway  turns  to  the  left,  the  sign  is  to 
be  placed  at  an  angle  of  45  across  the  right-hand  cor- 
ner.   The  bottom  of  sign  is  to  be  6  ft.  from  the  ground. 


PERSONALS. 

Aithur   ir.    Porter   has   been   appoinred   city   engineer   of   Redwood 

City.   Calif. 

li.  C.  Watson  has  resigned  from  the  engineering  department  of  the 
St.  .Joseph  Lead  Co.  to  Join  the  engineering  department  of  the  Donk 
Bros.  Coal  and  Coke  Co.,  St.   Louis,   ]Wo. 

F.  H.  Tillinghast  and  W.  Parker  Ireland  have  formed  the  engi- 
neering firm  of  Tillinghast  &  Ireland,  and  will  specialize  in  irriga- 
tion, drainage,  liydraulic  and  sanitary  engineering.  Offices  will  be 
maintained  in  the  Forum  building,  Sacramento,  Cal.,  and  the  Nixon 
ijuilding.   Ueno.  Xev. 

li.  P.  Boyd,  for  several  years  as'sistant  state  highway  engineer  of 
Alabama,  has  resigned  that  position  to  take  charge  of  a  $500,000  road 
improvement  in  Ouachita  Parish,  Louisiana.  .J.  P.  Converse,  for  a 
number  of  years  resident  engineer  of  the  Alabama  State  Highway 
Commission,  succeeds  Mr.   Boyd   as  assistant   state  highway  engineer. 

H.  E.  Stevens,  engineer  of  bridges  of  the  Northern  Pacifie  Ry..  has 
been  appointed  chief  engineer"  to  succeed  W.  L.  Darling,  whose  resig- 
nation became  effective  Oct.  1.  Mr.  Darling  has  been  chief  engineer 
of  the  Northern  Pacific  since  190-5.  He  also  was  chief  engineer 
from  IftOl  to  1903,  resigning  in  the  latter  year  to  become,  chief  engi- 
neer of  the  Chicago.  Rock  Island  &  Pacific  R.  R.  He  was  with'  this 
latter  system  until  1905,  when  he  returned  to  the  Northern  Pacific. 

Tlie  Western  Society  of  Engineers  is  represented  in  Company  A. 
Illinois  E'ngmeers.  now  in  Camp  Cecil  A.  Lyon  at  Fort  Sam  Hauston. 
San  Antonio,  Texas,  by  a  .lumber  of  officers  and  privates,  as  shown 
in  the  following  list:  Horace  S.  Baker,  first  lieutenant;  C.  C.  Saner, 
first  sergeant:  D.  A.  Tomlinson,  supply  sergeant:  James  A.  Cook,  cor- 
poral; H.  F.  Beyer,  private;  M.  D.  Kolyn.  private;  Ma.^  Kushlan,  pri- 
vate; N.  M.  Stineman.  private.  Several  other  members,  who  were 
originally  with  the  company,  were  excused  at  Springfield  for  legiti- 
mate reason.*?. 

Tlie  second  annual  conference  of  the  Committee  on  Engineering 
Co-operation,  held  in  Chicago  last  April,  adopted  a  resolution  provid- 
ing for  a  sub-committee  of  four  men  selected  by  the  chairman,  to  act 
with  him  in  the  preparation  of  a  plan  to  be  submitted  for  consid- 
eration at  a  third  conference  called  for  the  purpose.  Conforming  to 
the  instructions  in  this  resolution.  F.  H.  Newell,  chairman  of  the 
committee,  has  named  Hunter  McDonald,  Isham  Randolph.  M.  L. 
Cooke  and  C.  E.  Drayer  as  members  of  a  sub-committee  on  plan. 
A  first  draft  of  a  plan  has  been  made  and  is  in  the  hands  of  the  sub- 
committee, which  will  probably  meet  during  the  next  month  for  further 
consideration  of  it. 


INDUSTRIAL  NOTES. 

The  Austin- Western  Road  Machinery  Co.,  Chicago.  III.,  recently 
:nade  a  shipment  of  fort>'  Austin  sprinkling  wagons  for  use  with  the 
U.  S.  Army  on  the  Mexican  border.  The  machines  are  the  Austin 
standard  t.OO-gal.   pl.atform  spring  type  with  steel  tanks. 

The  John  Kline  Brick  Co..  W'ickliffe.  C.  is  the  newest  and  the 
■i4th  member  of  the  Dunn  Wire-Cut  Lug  Brick  Co.'s  family  of  li- 
censees. This  is  a  well-constructed  and  well- managed  plant  with  a 
daily  capacity  of  40,000.     Mr.  J.  C.  Kline  is  president  of  the  company. 

Robert  C.  Clifford,  who  has  for  the  past  four  years  been  district 
sales  manager  for  the  United  States  Cast  Iron  Pipe  &  Foundry  Co.. 
in  charge  of  their  St.  Louis  and  Kansas  City  offices,  is  now  associated 
with  the  "Walter  A.  Zelnicker  Supply  Co.,  in  St.  Louis,  in  charge  of 
their  rail   department. 

On  Sept.  1.  1916.  Lewis  Institute.  Chicago,  and  the  Portland  Cement 
-\syociation.  Ill  West  Washington  street.  Chicago,  entered  into  an 
agreement  whereby  they  will  hereafter  jointly  operate  the  Structural 
^iaterials  Researcii  Laboratory  at  Lewis  Institute.  This  laboratory 
has.  during  the  past  two  years,  attained  merited  distinction  for  the 
work  which  it  has  done. 

Among  the  contracts  recently  awarded  the  Raymond  Concrete 
Pile  Co.  of  New  York  and  Chicago  are  the  following:  Concrete  piles 
in  the  foundation  of  an  extension  to  Wire  Mill  No.  2  of  John  A. 
Roebling's  Sons  Co..  Roebling,  N.  J.  Frank  W.  Bunn,  engineer. — 
Concrete  piles  and  footings  for  the  foundation  of  building  for  the 
.Vdriance  Machine  Works,  Inc..  Verona  and  Richard  streets.  Brook- 
lyn, N.  T.  R.  I.  Dodge,  architect. — .Approximately  4, ,500  Raymond 
concrete  piles  in  the  foundation  of  a  plant  at  Indiana  Harbor.  Ind.. 
f.ir  the  Mark  Mfg.  Co. — Concrete  pile  foundation  for  the  Clay  School. 
Hegewisch.  111. — The  Packard  Motor  Car  Co.  are  to  have  Raymond 
concrete  piles  in  the  foundation  of  their  new  building  at  Long  Island 
City.  Albert  Kahn,  architect. — Concrete  piles  in  the  track  scale  and 
chiyiping  building  of  the  Youngstown  Sheet  &  Tube  Co..  Youngstown. 
O  — Concrete  piles  in  the  addition  to  the  Boys'  School.  Eleventh  street 
and  Second  avenue.  New  York  City.     C.  Weisliopf.  architect. 

The  Tenth  Chicago  Cement  Show  will  be  held  in  the  Coliseum  and 
balcony,  AVednesdav.  Feb.  7.  to  Thursday,  Feb.  15,  1917.  inclusive. 
The  concentration  of  exhibits  in  the  Coliseum.  Balcony  and  Annex 
will  enable  visitors  to  inspect  them  conveniently.  Machines  and 
products  will  be  closer  together,  thus  facilitating  comparison  and 
enabling  buyers  to  malte  purchases  more  expeditiously.  However, 
as  less"  space  will  be  available  for  the  next  show  than  for  the  last 
■;how  each  exhibitor  will  be  asked  to  apply,  for  as  little  space  as  can 
accoiiimodate  his  exhibit  and  in  this  way  it  is  hoped  to  make  the 
number  of  disappointed  applicants  as  sTnall  as  possible.  There  will 
nrobablv  be  a  ioint  exhibit  of  cement  companies  similar  to  the  one 
at  the  last  shoVv.  During  the  eight-day  period  Chicago  will  be  the 
center  of  activitv  in  the  building  material  industry.  The  National 
Builders'  Supply "  .Association  will  hold  its  annual  convention  at  the 
Hotel  Sherman"  Feb.  11  and  12.  and  the  Illinois  Lumber  ,&  Builders' 
Siipplv  Dealers'  .Association  at  the  same  hotel  Feb.  13  and  14.  A\  bile 
ihe  dates  have  not  been  definitely  set.  it  is  possible  that  the  .American 
I'lpe  ami  Tile  .Association  will  be  in  session  during  the  cement  show, 
it  is  also  likely  that  the  .American  Concrete  Institute  will  meet  at 
the  same  time'  Besides  these  organizations,  it  is  possible  that  the 
American  Association  of  Engineers  and  other  similar  associations  will 
c.mvene  in  Chicago  during  the  show. 
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COMPETING   WATER  WORKS   SOCIETIES    AND 
THE  RESULTING  LOSS  OF  EFFICIENCY. 

The  New  England  Water  Works  Association  and  the 
American  Water  Works  Association  have  more  than  1,000 
members  each.  Joined  together  they  would  speedily  reach 
a  membership  of  2,500  to  3,000.  This  alone  would  serve 
to  attract  more  members  with  great  rapidity,  for  there  is 
unquestionably  a  stronger  mental  gravitation  toward  a 
large  organization  than  toward  a  small  one. 

Each  of  these  two  technical  societies  has  been  in  ex- 
istence more  than  34  years,  yet  thus  far  the  growth  of 
neither  one  has  been  satisfactory.  Who  can  doubt  that 
had  their  efforts  been  combined  from  the  beginnng  much 
greater  results  would  have  been  attained? 

When  the  question  is  bluntly  put  to  members  of  either 
society  as  to  the  reasons  why  there  is  not  a  single  water 
works  association  instead  of  two,  seldom  is  repA-  made 
that  two  such  societies  are  to  be  preferred  to  one.  In- 
stead, some  such  statement  as  this  is  made:  "So  long  as 
old  jealousies  exist — and  they  will  exist  until  the  death 
of  many  of  the  older  members — it  is  futile  to  talk  con- 
solidation." But  is  it?  Neither  of  these  societies  is  be- 
ing exploited  for  personal  profit — professional  or  othei-- 
wise — we  take  it,  but  both  exist  as  organizations  for  "the 
advancement  of  knowledge."  The  first  article  of  the 
constitution  of  The  New  England  Water  Works  Associa- 
tion reads: 

Its  objects  shall  be  the  advancement  cf  knowledge  relating  to 
water  works  and  water  supply,  and  the  encouragement  of  social  inter- 
course among  water  works  iren. 

The  corresponding  article  of  The  American  Water 
Works  Association  reads: 

The  object  of  this  Association  shall  be  the  advancement  of  knowledge 
of  the  design,  construction,  operation  and  management  of  water  works, 
and  the  oncouragen-ent,  by  social  intercourse  among  its-  members,  of 
a  friendly  exchange  of  information  and  experience. 

Both  articles  are  admirable  in  spirit  and  almost  identi- 
cal in  expression.  There  is,  then,  not  the  slightest  diver- 
gence in  the  aims  of  these  two  societies.  Why,  there- 
fore, the  continued  dis-unity  of  effort  toward  the  com- 
mon goal?  Surely  the  "encouragement  of  social  inter- 
course among  water  works  men"  will  be  greatly  fostered 
if  more  water  works  men  convene  in  one  society  at  one 
time.  Why  the  two  societies,  the  two  annual  conventions, 
the  two  sets  of  oflicers,  the  two  journals?  Jealousy?  If 
so,  and  we  fear  there  is  no  other  cause,  is  it  not  time  that 
the  great  majority  of  members  of  these  two  societies  in- 
sist upon  a  subordination  of  the  jealousy  of  a  compara- 
tively few  members  to  the  welfare  of  the  vastly  larger 
number  who  are  not  jealous. 

The  water  works  superintendent  and  engineer  have  long 
been  the  plaj-thing  of  politics  in  many  an  American  city. 
To  whom  shall  we  look  to  remedy  this  condition  if  not  to 
a  national  organization  of  water  works  men?  The  power 
of  such  a  body  of  men  is  proportional  to  their  numbers, 
and  their  enthusiasm,  but  enthusiasm  itself  is  a  function 
of  the  number  of  men  engaged  in  a  common  object.  If  the 
water  works  of  every  city  in  America  were  represented  in 
one  water  works  association,  and  if  that  association 
earnestly  undertook  to  drive  politics  out  of  water  works 
management,  there  is  not  the  slightest  doubt  as  to  the 
success  of  the  endeavor.  A  vast  public  good  would  be 
thus  secured,  and,  incidentally,  the  entire  water  works 
fraternity  would  greatly  benefit. 


CHICAGO'S  WATER  WASTE,   AND   THE   OPPOR- 
TUNITY  FOR   CHICAGO    ENGINEERS. 

Milwaukee  consumes  about  100  gal.  of  water  per  capita 
per  day.  Chicago  consumes  236  gal.  per  capita  per  day. 
Every  year  the  engineer's  report  to  the  Chicago  Commis- 
sioner of  Public  Works  urges  the  metering  of  the  water 
supply.     We  quote  from  the  last  annual  report: 

Of  the  total  amount  of  water  pumpel  a  conservative  estimate  places 
the  waste  through  leaky  fixtures,  wilful  wastage  and  underground 
leaks  at  50  per  cent. 

Were  this  waste  eliminated  4  of  the  9  major  pumping 
stations  would  be  rendered  unnecessary,  reducing  the 
operating  expense  by  $700,000  a  year!    To  quote  again: 

The  generally  recognized  remedy  for  wasting  of  water  is  the  in- 
stallation of  meters.  I  submit  that  any  merchant  would  be  considered 
peculiar  if  he  should  offer  to  supply  sugar,  butter  or  lard  to  a  family 
for  so  much  a  month  reganlless  of  the  quantity  used.  The  electric 
light  and  gas  companies  do  not  furnish  their  commodities  for  a  flat 
i"ate  irrespective  of  the  quantities'  used.  The  city,  however,  in  sup- 
plying water  adheres  generally  to  this  policy,  and,  although  there  are 
arguments  advanced  to  continue  this  method,  the  arguments  are  ex- 
tremely weak. 

Shouldn't  the  Engineer's  Club  of  Chicago  associate  it- 
self with  business  and  professional  organizations  in  Chi- 
cago in  a  grand  effort  to  stop  this  grand  waste?  Proper 
publicity  will  lead  to  meterage  of  Chicago's  water  sup- 
ply. What  body  of  men  is  more  competent  to  furnish 
material  for  a  publicity  campaign  of  this  character  than 
are  the  engineers  of  Chicago?  We  engineers  are  talking 
a  great  deal  nowadays,  about  our  public  obligations.  Here 
is  a  chance  to  turn  talk  into  action,  an  action  that  will 
save  an  annual  expense  which  capitalized  at  5  per  cent 
is  $14,000,000. 


THE  WATERWORKS  AND  HYDRAULIC  MONTHLY 

ISSUE   OF   "ENGINEERING   AND 

CONTRACTING." 

Beginning  last  July  "Engineering  and  Contracting"  took 
a  somewhat  radical  step  in  engineering  journalism  when 
it  grouped  together  all  its  articles  relating  to  the  differ- 
ent branches  of  civil  engineering,  and  published  them  in 
four  "monthly  issues."  Our  third  advertising  page  lists 
these  four  "monthly  issues,"  but  we  wish  here  to  say  a 
word  about  our  Waterworks  and  Hydraulic  Monthly  Issue, 
of  which  this  one  is  the  fourth. 

In  a  sense  each  of  these  four  waterworks  issues  (July 
to  October)  speaks  for  itself,  yet  it  seems  advisable  also 
to  offer  an  editorial  word  about  the  new  plan  and  its 
reception.  During  the  past  ten  years  Engineering  and 
Contracting  has  regularly  published  data  on  waterworks, 
sewers  and  hydraulics  every  week.  In  the  aggregate  for 
each  year  this  information  has  been  great,  but  the  amount 
lacked  impressiveness  because  it  was  only  a  fractional 
pait  of  the  reading  matter  in  each  of  the  52  issues;  fur- 
thermore, it  was  not  readily  available  for  reference,  be- 
cause it  was  so  widely  scattered.  By  bringing  all  the 
articles  on  hydraulic  subjects  together  in  one  issue — pub- 
lished the  second  Wednesday  of  each  month — we  are  able 
to  make  prospective  waterworks  men  recognize  at  a  glance 
the  importance  of  this  journal,  and  we  also  make  it  easy 
for  anyone  to  file  away  for  reference  all  the  articles  on 
hydraulic  subjects. 

The  result  of  these  changes,  coupled  with  the  fact  that 
a  subscription  for  our  Waterworks  and  Hydraulic  Month- 
ly issues   is  only  $1   a  year,  have  served  to  add   a   far 
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greater  number  of  new  subscribers  in  the  waterworks 
field  during  the  ^ast  90  days  than  during  any  similar 
period  of  our  history.  In  short,  our  faith  in  this  method 
of  publishing  a  civil  engineering  journal  has  been  justi- 
fied by  the  results  thus  far  secured. 


WHY  HAVE  TWO  WATEEWORKS  "SHOWS"? 

The  recent  convention  of  the  New  England  Waterworks 
Association  again  serves  to  indicate  the  economic  waste 
of  having  two  annual  exhibitions  of  waterworks  ma- 
chinery and  supplies.  If  the  comments  made  by  several 
exhibitors  indicate  what  their  action  will  be  next  year,  it 
is  evident  that  there  will  be  a  decided  decrease  in  the 
number  of  exhibitors  at  the  New  England  convention. 
Similar  comment  year  before  last  was  made  by  exhibitors 
at  the  two  road  conventions,  and  a  marked  falling  off  in 
the  number  of  exhibits  occurred  last  year  at  one  of  those 
"shows."  This  is  inevitable,  for  it  costs  no  small  sum 
to  prepare,  transport  and  stage  these  exhibits  of  ma- 
chinery and  appliances.  Exhibitors  will  not  indefinitely 
continue  a  doubling  of  such  expense. 

A  society  of  an  engineering  nature  may  reply  that  its 
existence  will  not  be  jeopardized  by  the  elimination  of 
the  exhibition  or  "show  feature,"  and  that  is  true,  but 
the  usefulness  of  the  society  will  certainly  be  curtailed 
by  any  act  that  tends  to  remove  its  members  from  sources 
of  information  such  as  manufacturers  possess. 

Engineers  have  learned  that  a  large  "show"  of  manu- 
factured products  is  often  the  most  interesting  part  of  a 
convention,  and  frequently  the  part  that  yields  the  most 
usable  information.  Let  the  effort  be  to  have  but  one 
waterworks  exhibit  next  year,  and  that  one  the  best  in 
the  history  of  hydraulics. 


IRRIGATION  OF  GARDENS  IN  CITIES. 

The  pupils  in  the  public  schools  of  several  cities  are 
being  encouraged  by  their  teachers  to  plant  vegetable 
gardens  in  their  back  yards.  In  some  instances  school 
grounds  are  used  for  garden  purposes  and  the  pupils  are 
taught  scientific  gardening.  This  is  a  move  that  should 
be  encouraged  by  water  works  managers  in  all  cities.  But 
to  give  an  encouragement  that  will  really  encourage  gar- 
dening of  this  sort,  it  will  be  necessary  to  supply  water 
for  irrigation,  for  even  in  the  so-called  humid  areas  of 
America  the  full  efficiency  of  a  garden  cannot  be  secured 
without  the  use  of  irrigation. 

Objection  to  the  use  of  city  water  for  such  a  purpose  is 
often  made  on  the  ground  that  the  water  supply  is  already 
limited.  This  may  be  true,  but  the  scarcity  of  water  is 
nearly  always  attributable  to  wastage  of  one  sort  or  an- 
other. The  solution  of  the  wastage  problem  and  the  solu- 
tion of  the  irrigation  problem  go  hand  in  hand.  The 
answer  is  meters.  Meters  will  greatly  reduce  waste,  and, 
with  a  properly  graduated  scale  of  rates,  the  water  saved 
from  waste  will  be  used  to  increase  the  production  of 
"garden  truck." 

Let  waterworks  men  once  come  to  look  upon. water  as  a 
commodity,  like  gas,  to  be  marketed  at  prices  that  will 
attract  new  customers,  and  we  shall  see  a  great  rejuvena- 
tion of  the  whole  waterworks  industry. 


"THERE  IS  MORE  CONFIDENCE  IN  THE  FUTURE."— 
NATIONAL  CITY  BANK  OF  NEW  YORK. 

In  its  October  review  of  economic  conditions  and 
finance.  The  National  City  Bank  of  New  York  says: 

There  is  more  confidence  in  the  future  than  has  been  felt  at  any 
time  in  the  last  two  years.  This  does  not  mean  that  there  are  no 
apprehensions  of  an  industrial  slump  after  the  war,  but  that  with 
the  profits  of  the  last  year  applied  to  indebtedness  or  added  to  re- 
sources, the  nosUion  of  the  :ndustries  is  inherently  stronger.  More- 
over, there  is  a  feeling  that  business  is  accumulating  which  will  come 
forward  when  war  order.';  are  out  of  the  way.  In  nearly  all  lines 
tl'.ere  is  difficulty  in  gettins  orders  filled.  Foreign  trade  in  ordinary 
mcrchandis'e  in  all  parts  of  the  world,  is  growing,  because  there  is 
no  other  place  to  get  the  goods  and  thi.-!  fact  will  prevent  any  accumu- 
lation of  stocks  until  some  time  after  the  war. 

The  continued  flow  of  gold  from  Europe,  due  to  our 
enormous  exports,  is  positvely  amazing.  Customs  returns 
show  that  for  the  first  eight  months  of  1916  more  than 


$410,000,000  in  gold  has  been  imported.  At  this  rate  the 
year  of  1916  will  witness  an  increase  of  $615,000,000  in 
the  gold  supply  of  this  country. 

Not  only  is  this  gold  seeking  investment,  but  upon 
every  dollar  of  it  there  is  built  three  additional  dollars 
of  available  credits.  The  sum  total  of  gold  and  credits 
added  in  one  year  is  staggering. 

To  engineers  and  contractors  it  is  certainly  refreshing 
news,  after  a  somewhat  long  period  of  aridity,  to  know 
that  all  financially  .sound  engineering  projects,  private 
or  public,  will  find  an  eager  money  market.  Contrasting 
the  financial  situation  now  with  what  it  was  tw-o  years 
ago  gives  nearly  everyone  in  America  cause  for  great 
satisfaction. 


EDITORIAL  COMMENTS. 


There  are  about  120  engineering  schools  in  America. 
This  number  seems  large  until  expressed  as  a  ratio  to 
the  population  or  1  engineering  school  to  800,000  people. 
The  development  of  engineering  schools  is  a  long  way 
from  being  overdone.  In  fact  it  has  hardly  begun,  for 
engineering  science  should  enter  every  industrial  occu- 
pation. Let  the  public  learn  the  wide  utility  of  engineer- 
ing knowledge  if  we  would  increase  the  demand  for  engi- 
neers. 


Mr.  John  A.  Ferguson,  Secretary-Engineer,  Building 
Code  Commission,  City  of  Pittsburgh,  in  discussing  Dr. 
WaddeM's  paper  recently  read  before  The  Engineers'  So- 
ciety of  Western  Pennsylvania,  said: 

That  engineer  who  can  co-ordinate  and  arrange  all  the  worli,  being 
done,  for  the  advancement  o(  the  business  enterprise,  so  plan  and 
scheme  it  that  it  will  be  done  well  enough  to  bring  about  the  end  de- 
sired in  the  speediest  and  least  expensive  manner  is  called  the  Execu- 
tive Engineer,  is  paid  the  most  for  his  time,  is  given  the  greatest  re- 
sponsibilities, not  even  second  to  the  financier  who  must  provide  the 
money.  Consequently  when  those  who  provide  the  money  have  been 
clearly  shown  that  such  is  the  case,  and  how  much  they  depend  upon 
men  of  this  character,  they  will  pay  the  proper  amount  of  recompense 
to  the  man  who  can  force  them  to  see  the  necessitj-  thereof  by  the 
simple  presentation  of  all  related  subjects  briefly,  accurately  and  in  a 
lousiness  manner,  and  they  will  not  need  much  convincing  when  the 
balance  sheets  for  cost  show  what  has  been  or  can  be  done  for  them. 

As  it  will  thus  be  seen,  engineers  must  get  to  be  business  men  if 
they  expect  to  attain  eminence  in  their  profession,  and  they  must 
present  to  business  and  financial  men  clearly,  succinctly  and  briefly 
the  advantages  to  be  obtained  by  their  employment  and  the  employ- 
ment of  the  highest  and  best  professional  men  commensurate  with  the 
task  to  be  performed  and  the  actual  economy  of  so  doing.  Common 
observation  will  teach  us  that  nobody  is  going  to  be  looked  upon  as 
successful  in  his  undertakings  unless  he  pays  his  way,  be  his  interest 
what  it  may. 


"It  should  be  considered  a  deep  disgrace  for  any 
[engineering]  student  to  sell  a  textbook  after  he  has 
finished  the  course  of  instruction  in  which  it 
was  employed.  *  ^  *  No  books  can  quite  take 
the  place  of  those  which  one  uses  at  college,  even  if  much 
better  treatises  are  later  available." — J.  A.  L.  Waddell. 
This  is  good  advice,  and  even  better  is  Dr.  Waddell's 
statement  that  "Much  of  an  engineer's  success  depends 
upon  the  size  and  character  of  the  technical  library  which 
he  accumulates." 


Anent  the  increasing  use  of  liquid  chlorine  we  quote 
the  following  from  the  last  annual  report  of  Mr.  Edgar 
M.  Hoopes,  Jr.,  Chief  Engineer  of  the  Water  Department 
of  Wilmington,  Del. 

"Were  it  not  for  the  use  and  eflSciency  of  Liquid  Chlor- 
ine as  a  sterilizing  agent,  the  sanitary  quality  of  the 
water  supply  could  not  be  maintained." 


At  the  end  of  last  year  94  per  cent  of  the  21,306  serv- 
ices in  Wilmington,  Del.,  were  metered.  As  a  result  641,- 
000,000  fewer  gallons  of  water  were  pumped  during  the 
year  than  during  the  previous  year.  The  total  decrease 
in  domestic  consumption  of  water  was  nearly  1,000,000 
gal.  a  day.  The  total  average  daily  consumption  has  been 
reduced  to  102  gal.  per  capital  or  20.8  per  cent  less  than 
for  the  previous  year,  and  the  end  is  not  yet. 
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CHANGE  IN  AREA  OF  CROTON  WATER  SHED. 

To  the  Editor:  Attached  hereto  is  a  detailed  statement 
in  reference  to  a  change  in  the  adopted  area  of  the  Croton 
water  shed  above  the  new  Croton  dam',  from  360.44  square 
miles  to  375  square  miles. 

This  matter  is  considered  of  sufficient  importance  to  be 
brought  to  the  attention  of  the  engineers  interested  in 
water  supply  and  other  hydraulic  work,  and  I  trust  that 
you  will  give  it  suitable  mention  in  your  publication,  con- 
densing the  department  statement  as  far  as  may  be  con- 
sidered advisable. 

Very  truly  yours,  Wm.  W.  Brush, 

Acting   Chief  Engineer,    Bureau   of   Water   Suppiv,   New 
York  City. 

Sept.  14,  1916. 

The  statement  in  condensed  form  follows: 

The  area  of  the  Croton  watershed  lying  above  the  old  Croton  dam 
has  been  generally  reported  as  33S.8  square  miles  tor  the  past  fifty  or 
mere  years.  To  this  area  was  added  21.6  square  miles  as  tributary 
watershed  between  the  old  Croton  dam  and  the  new  Croton  dam. 
making  the  generally  reported  area  of  the  Croton  watershed  lying 
above  the  new  Croton  dam  as  360  .square  miles.  In  1916  the  engineers 
of  the  Bureau  of  Water  Supply  were  convinced  that  thes*  areas  were 
incorrect,  and  as  a  result  of  investigations  made  during  the  past  six 
years  adopted  375  square  miles  as  representing  the  correct  area  of  the 
Cioton  watershed  lying  above  the  new  Croton  dam. 

The  area  of  360  square  miles,  previously  used,  has  its  sole  founda- 
ti<  n  on  Uie  printed  area  which  appears,'  on  the  lithograph  copy  of  the 
map  of  ISdS.  The  accuracy  of  this  statement  is  disproved  by  (a)  the 
printed  report  of  the  Croton  Aqueduct  Department  for  1S5S;  (b)  by 
the  planimetercd  and  computed  areii  of  the  watershed,  shown  on  this 
lithograph  of  the  1S5S  map;  (c)  by  errors  found  in  the  table  of  sub- 
divisions g;ven  on  the  lithograph,  the  maximum  error  found  being  10 
square  miles  in  in  .area  given  as  75  square  miles,  which  should  have 
been  S5  square  miles. 

The  newly  adopted  area  of  375  square  miles'  is  supported  by  the 
following:  (a)  By  the  area  of  the  watershed  determined  from  the 
lithograph  of  the  1S5S  map,  using  the  graphic  scale  appearing  on  the 
lithograph  and  the  outline  of  the  watershed  as  defined  thereon,  (b) 
By  the  statement  appearing  in  the  annual  report  of  the  Croton  Aque- 
duct Department  for  1S5S.  (c)  By  the  areas  determined  from  the 
Worthen  map  by  different  methods  which  vary  by  less  than  one  square 
mile. 

The  Department  of  Water  Supply,  Gas  and  Electricity  has  changed 
the  area  of  the  watershed  because  it  believes  that  a"n  error  in  the 
watershed  area  of  the  Croton  River  should  be  corrected  in  justice  to 
the  engineering  profes'sion.  which  has  in  the  past  and  probably  will  in 
the  future  make  frequent  use  of  the  record  of  rainfall  and  runoff  of 
the  Croton  watershed,  which  constitutes  one  of  the  most  valuable 
and  mosi  v.idely  consulted  watershed  records  in  the  United  States. 
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METER  INSTALLATION  AT  WILMINGTON,  DEL. 

The  project  of  installing  meters  on  all  properties  in 
the  city  of  Wilmington,  Del.,  was  started  under  the  au- 
thority of  the  Board  of  Water  Commissioners  on  May  8, 
1914.  The  total  number  of  installations  from  that  date 
to  July  1,  1915,  was  9,180.  At  the  later  date  there  were 
21,300  services  in  use  of  which  19,883  or  93.3  per  cent 
were  metered,  and  the  work  of  metering  every  service 
in  the  city  was  being  pushed  rapidly  to  completion.  The 
following  description  of  the  methods  employed  in  making 
these  installations  is  taken  from  the  last  annual  report 
of  the  Board  of  Water  Commissioners. 
Organization. 

The  force  engaged  on  the  work  varied  from  time  to 
time,  especially  as  regards  laborers,  but  conformed  on 
the  average  to  the  following  schedule: 

Number        P.ate  per  hr. 

Grade.  employed.  ct. 

mumber    1  37% 

Pipe  fitter   "  33% 

Helpers     S  25 

Pavers     -  37% 

Drivers    2  25 

Laborers    10  to  20  3D 

Cart  and  hors'e 1  25 

.Vuto  truck    1  50 

.^tieet    shop  "wajTon 1 

Under  the  direct  supervision  of  the  Engineering  De- 
partment, the  plumber  acted  as  the  foreman  of  the  work- 
ing force.  All  employes  reported  each  morning  to  the 
street  shop  wagon  (see  Figs.  1  and  2),  which  was  located 


OPERATING  COST  OF  CERTAIN  RAPID  SAND 
FILTER  PLANTS. 

In  their  recently  issued  report  on  a  new  water  supply 
for  the  city  of  Sacramento,  Cal.,  the  engineers,  Messrs. 
Hyde,  Wilhelm  and  Miller,  give  some  interesting  figures 
on  the  cost  of  operation  of  certain  rapid  sand  filter  plants. 
The  data,  of  course,  are  appro.ximate  and  somewhat  in- 
definite since  the  various  plants  represented  are  oper- 
ating in  waters  of  widely  different  character  and  com- 
position, and  at  various  percentages  of  their  nominal 
capacity.  In  connection  with  the  data  figures  are  given 
for  proposed  plant  for  Sacramento.  The  table  follows; 
the  costs,  except  as  noted,  not  including  any  fixed  charges 
nor  the  cost  of  pumping  water  to  or  from  the  plant: 

y      a  —  i;  0) 

''to  o      ■*-' 

Name   of  place.  Period  of  record.  ai  fe  -  -  S 

c3  a  -  ^*- 

?""->>  ?£- 

<;  c  4,  —  C^  w  ta 

Cincinnati.  0 1913                           .iO  5  .■!.44t 

Columbus'.   0 1914                             18  17.00* 

Evanston.  Ill Sept.  1-Dec.  31,  1914              7.8  ?...!.'. 

Grand    Rapids.    Mich Apr.   1.   'IS-Mar.   31,   '14         14. .I  10.96»t 

Harrisburg.  Pa 1910-1914                          8.6  .'..40§ 

Uttle  Falls.   N.   J 1912                             30  3.20 

Louisville,  Ky.   1912                             25  3.50 

N'ew   Orleans,    La 1913                           16  6.30» 

Straight   averages 21.2         $  6.64 

Weighted    average 5.85 

Estimated    for   Sacramento    20.00         $  4.90T 

Estimated   for   Sacramento  30.00  4.601i 

•Including  cost   of   softening. 

•  Operating  the  plant  =  SI. 77:  chemicals  =  $1.67. 

Images  =  $3.17;  chemicals  =  $4.82;  current  =  $2.06;  supplies  and  re- 
Pairs  =  $0.91. 

5Lriw-lift  pumping  Included  in  these  figures. 
These  figures  do  not  include  the  cost  of  low-lift  pumping. 


Fig.    1 — Pipe    and    Meter    Shop. 

at  the  point  of  starting  the  day's  work.     The  necessary 
equipment  of  tools  and   supplies  was   contained   in   this 
wagon ;    depletions   of   stock   were    filled   daily   from   the 
main  store  room,  by  use  of  the  auto  truck. 
Plan  of  Operation. 

Slips  were  prepared  each  day  at  the  main  office,  con- 
taining the  street  number  of  every  house  in  the  district 
in  which  the  force  was  working,  and  a  notation  as  to 
whether  or  not  the  house  was  already  metered.  These 
slips  were  distributed  to  the  fitters  at  the  start  of  the 
day's  work,  and  were  turned  into  the  foreman  as  the 
meters  were  installed.  They  were  then  approved  by  him, 
and  returned  to  the  main  office  for  the  purpose  of  per- 
manent entry  in  the  Department's  books.  In  addition  each 
fitter  was  required  to  enter  on  a  printed  form  a  report 
of  each  meter  installed  with  its  location,  or  notation  of 
any  service  complications  or  other  reason  preventing 
its  installation. 

When  such  complications  existed,  the  fitter's  report 
was  returned  to  the  Engineering  Department,  and  the 
property  owner  notified  by  letter  to  remedy  the  condition 
within  30  days.  At  the  expiration  of  this  time  an  in- 
spection was  made,  and  if  the  situation  had  been  cor- 
rected, the  meter  was  ordered  installed.  For  this  pur- 
pose two  men  were  employed  who  worked  independent 
of  the  main  force,  in  order  that  the  progress  of  the  lat- 
ter might  not  be  held  up.  In  cases  where  the  property 
owner  failed  to  comply  with  the  requirements,  the  con- 
tract for  a  supply  of  water  to  such  property  was  can- 
celed. In  this  connection  it  is  important  to  note  that 
service  complication  existing  between  the  main  and  curb 
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line  were  taken  care  of  by  this  department,  while  those 
existing  between  the  curb  and  building  line  were  cor- 
rected by  the  property  owner.  It  is  also  interesting  to 
note  that  before  any  meter  was  installed,  and  prior  to 
making  an  inspection  for  such  purpose,  the  tenant  of 
each  house  was  supplied  with  literature  explaining  the 
nature  of  the  work,  and  the  benefits  resulting  therefrom. 
From  May  8th  to  June  30,  1914,  1,233  meters  were 
placed,  of  which  239  were  curb  and  994  cellar  installa- 
tions. From  June  30,  1914,  to  July  1,  1915,  the  number 
of  installations  was  9,  180  of  which  4,055  were  curb  and 
5,125  cellar  settings.  Throughout  the  winter  the  work 
was  continued  without  interruption,  the  working  force 
being  confined  to  cellar  installations  during  periods  of 
bad  weather.  The  department  was  confronted  with  the 
question  of  deciding  on  "curb"  or  "cellar"  settings,  when 
plans  for  metering  the  entire  city  were  under  contempla- 
tion. After  carefully  considering  the  advantages  of  curb 
installations,   and    the    additional    expense    necessitated 


Fig.    2 — Interior    of    Pipe    and     IVIeter    Shop. 

thereby,  the  problem  was  solved  by  adopting  the  follow- 
ing policy: 

1.  Meters  to  be  set  at  curb  on  all  new  properties. 

2.  Meters  to  be  set  at  curb  on  properties  without  cel- 
lars; except  where  the  probable  life  and  nature  of  the 
building  did  not  warrant  the  expense  of  a  curb  setting. 

3.  Meters  to  be  set  at  curb  when  requested  by  property 
owner. 

4.  Meters  to  be  set  at  curb  where  danger  of  freezing 
existed,  if  installed  in  cellar  or  where  cellar  did  not  per- 
mit of  convenient  location  from  meter  reader's  stand- 
point. 

5.  All  meters  not  covered  by  above  stipulations  to  be 
located  in  cellars. 

Contract  for  Meters. 

The  contract  for  meters  under  this  project  was  awarded 
to  the  Hersey  Manufacturing  Co.  of  Boston,  Mass.,  in  ac- 
cordance  with  the   following   synopsis   of   specifications: 

Guarantee. — All  meters  were  guaranteed  against  de- 
fects in  material  and  workmanship  for  a  period  of  two 
years  commencing  with  the  date  of  service. 

Exceptions. — Breakage  from  external    causes;    damage 


by  hot  water  or  freezing,  or  when  the  duty  of  any  meter 
equals  or  exceeds  the  following  amounts: 

■■b-lii 500.000  cu.   ft. 

■i-ln 900.000  cu.  ft. 

Accuracy. — No  meter  was  accepted  which  registered 
le.ss  than  98  and  more  than  100  per  cent  of  the  actual 
amount  of  water  passed  through  the  meter  as  determined 
by  weight  at  full  opening  of  the  outlet.  In  addition  the 
accuracy  of  each  meter  was  required  to  be  from  98  to  100 
per  cent  when  the  quantities  of  water  passed  on  each  of 
the  different  streams  opposite  its  size  was  as  shown  on 
the  following  table: 

I  ii,imeter  of  orifice %-in.  %-in. 

Cu.  ft.  Cu.  ft. 

1/16 .1  1 

1/4 2  2 

1/2 5 

Vi ..  5 

Sensitiveness. — All  meters  were  required  to  register 
from  90  to  100  per  cent  of  the  water  passed  as  deter- 
mined by  weight  at  the  following  rates: 

%-in .' 2  cu.  ft.   per  hour 

7i-in , 3  cu.  ft.   per  hour 

All  tests  were  conducted  under  a  working  pressure  of 
40  lbs.  The  department  was  also  protected  from  infringe- 
ment of  patents,  or  the  payment  of  royalties  for  the  use 
of  any  patents  connected  with  the  particular  meter,  and 
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Fig.  3 — Standard  Curb  Setting  for  ?8-i".  a"d   %-in.   Meters. 

in  addition  was  supplied  with  a  guaranteed  price  list  at 
which  each  of  all  the  different  parts  of  each  size  of  meter 
could  be  purchased  when  required  for  repairs. 

Cost  of  Installation. 

The  following  tabulation  shows  the  expenditures  on 
account  of  the  Meter  Extension  Project  from  the  time 
the  work  was  started  until  June  30,  1915: 

Sa'.aries    %  770.00 

Labor — Meter  setting  17,487.61 

Labor— Paving    1,655.27 

Meter  purcliases  59,357.57 

Meter  yokes,   boxes  and  covers 16,344.67 

Pioe  and  fittings 7,803.70 

Equipment  (tools,   etc.)    628.30 

Repairs  and  r--;newals  to  equipment 489.03 

Supplies    332.58 

Paving   material    770.60 

Other   material    '. 235.65 

Miscellaneous   t:13.02 

Total    $106,487.98 

The  average  cost  of  installing  %-in.  meters  at  the  curb 
including  meter,  meter  box,  top,  pipe  and  fittings  as  shown 
in  the  illustration  of  the  department's  standard  instal- 
lations (Fig.  3),  was  $12.84.  This  price  includes  the  cost 
of  repaving,  but  not  the  cost  of  the  curb  stop  box  or 
curb  stop.  The  average  cost  of  installing  meters  in  the 
cellar  or  other  inside  location  was  $8,555,  including  all 
necessary  labor  and  material. 

The  standard  meter  box  was  constructed  of  cinder  con- 
crete. .These  boxes  were  manufactured  in  large  quanti- 
ties by  the  department  and  to  their  use  is  due  largely 
the  low  cost  of  curb  installations. 

While  the  box  is  but  19  in.  deep,  experiments  conducted 
by  the  department  are  stated  to  have  demonstrated  that 
there  is  no  danger  of  freezing  in  this  climate  from  such 
comparatively  shallow  settings. 
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LEAKAGE  FROM  PIPE  JOINTS. 

At  the  1915  convention  of  the  New  England  Water- 
works Association  a  committee  was  appointed  "to  inves- 
tigate experience  in  the  leakage  of  pipe  joints."  In  order 
to  obtain  information  a  circular  containing  37  que.stions 
was  mailed  to  430  members  of  the  association  and  to  124 
members  of  the  American  Waterworks  Association.  From 
the  554  circulars  sent  out  only  131  replies  were  received. 
In  order  to  induce  greater  interest  in  the  questions  and 
to  obtain  additional  information  for  the  committee,  Mr. 
F.  A.  Barbour,  a  member  of  the  committee,  submitted  a 
paper  at  the  Portland,  Me.,  convention,  in  which  he  set 
forth  some  points  obtained  from  the  questionaire.  Mr. 
Barbour's  paper,  in  abstract,  follows: 

Of  the  131  replies  received,  10  per  cent  report  the  serv- 
ices to  be  entirely  metered  and  30  per  cent  more  than  80 
per  cent  metered,  and  the  average  water  unaccounted  for, 
as  estimated  in  these  systems,  is  21  per  cent.  This  loss 
is  chargeable  to  leakage  from  mains  or  services,  or  to 
failure  of  the  meters  to  register.  It  would  seem  to  be 
worth  while  attempting  to  locate  the  cause  of  a  20  per 
cent  loss  of  the  water  furnished.  If  slippage  of  meters 
is  the  explanation  this  simply  means  that  consumers  are 
getting  more  than  they  are  nominally  paying  for,  but  if 
leakage  from  the  mains  and  services  is  responsible,  the 
result  is  an  absolute  loss  of  water,  which  costs  money  to 
develop  and  deliver  to  the  distribution  system. 

The  average  consumption  in  the  40  systems  in  which 
85  per  cent  or  more  of  the  services  are  metered  is,  as 
reported,  68  gal.  per  day  per  capita.  The  average  esti- 
mated urjaccountcd  for  water  was,  therefore,  equivalent 
to  about  14  gal.  per  day  per  capita,  or  a  loss  of  5,000  gal. 
per  year  per  capita,  which,  if  the  cost  is  estimated  at  $25 
per  million  gallons  of  water  delivered  to  the  distribution 
system,  is  equivalent  to  a  yearly  cost  per  capita  of  12^,2 
ct.,  or  approximately  the  interest  on  $2;  in  other  words, 
a  town  of  10,000  people  could  afford  to  expend  $20,000  in 
order  to  prevent  this  loss  of  14  gal.  per  day  per  person. 

If  then  in  these  fully  metered  systems,  which  undoubt- 
edly represent  the  best  condition,  only  80  per  cent  of  the 
water  supplied  is  sold  to  the  consumers,  the  question 
arises  as  to  whether  this  should  be  accepted  as  the  high- 
est standard  of  efficiency  which  can  be  reasonably  at- 
tempted. If,  in  any  considerable  part,  the  unaccounted 
for  water  is  chargeable  to  slippage  of  meters,  then  it 
would  seem  desirable  that  increased  attention  should  be 
given  to  the  subject  of  maintained  accuracy  and  sensi- 
tiveness of  meters.  If  meter  slippage  is  not  the  explana- 
tion of  the  unaccounted  for  water,  then  the  loss  must  be 
through  leakage  from  the  mains  or  services. 

As  to  the  loss  from  services,  80  per  cent  of  those  reply- 
ing to  the  circular  estimate  this  to  be  small  or  none.  As 
to  the  leakage  from  mains,  99  of  the  131  answers  received 
do  not  attempt  to  estimate  this  loss,  18  state  it  to  be  very 
small  or  none,  and  14  estimate  it  in  percentage  of  the 
total  amount  supplied,  the  average  of  these  few  figures 
being  15  per  cent. 

From  the  replies  already  received,  therefore — and  these 
presumably  are  from  those  departments  best  able  to  an- 
swer the  several  questions,  or  most  interested  in  the 
problem — it  is  evident  that  while  undoubtedly  a  consid- 
erable portion  of  the  water  supplied  is  not  sold  to  the 
consumer,  there  is  little  or  no  definite  knowledge  of  the 
actual  conditions  of  the  pipe  joints.  The  general  impres- 
sion, as  indicated,  is  that  the  mains  are  fairly  tight  and 
that  the  leakage  from  services  is  small.  It  may  also  be 
inferred  from  various  notes  in  the  replies  received,  that 
such  leakage  as  may  occur  in  mains  is  located  at  certain 
isolated  joints  and  is  not  general. 

One  phasie  of  the  investigation  as  conceived  by  the 
committee  was  that  in  reference  to  the  practice  of  test- 
ing pipes  when  laid.  Believing  that  in  the  majority  of 
cases  local  conditions  would  not  permit  the  trenches  to 
be  kept  open  until  the  pipes  were  tested,  the  question 
was  asked  as  to  the  reasonable  allowable  leakage  in  test- 
ing after  back-filling,  as  determined  by  the  measured 
water  necessarily  introduced  to  maintain  the  test   pres- 
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sure.  Such  a  method  of  testing  is  of  course  not  to  be 
compared  with  the  visual  examination  of  the  joints  under 
pressure,  but  it  is  necessary  in  many  cases. 

Of  the  131  replies  received  in  reference  to  testing  pipe 
when  laid,  76  state  that  such  tests  are  made,  36  that  no 
tests  are  attempted,  and  19  that  sometimes  the  pipes  are 
tested  and  sometimes  not.  The  interesting  and  rather 
surprising  feature  in  these  replies  is  that  all  but  six  of 
those  who  state  that  the  pipe  is  tested,  report  that  the 
test  is  made  before  back-filling  the  trench.  Further,  of 
the  75  who  replied  to  the  question  as  to  the  standard  of 
tightness  required  before  putting  the  pipe  in  service,  63 
state  this  requirement  to  be  "absolute  tightness."  Of 
those  who  report  that  it  is  customary  to  test  the  pipe 
when  laid,  85  per  cent  state  that  the  test  is  made  under 
the  working  pressure  which  the  pipe  is  to  carry  in  service. 
Only  18  report  tests  in  excess  of  working  pressure,  the 
test  pressures  ranging  from  30  lb.  excess  to  double  the 
working  pressure. 

From  the  information  received  to  date,  it  therefore 
appears  that  it  is  quite  the  general  practice  to  test  be- 
fore back-filling  and  to  require  absolute  tightness  under 
the  working  pressure.  If  these  replies  can  be  accepted 
as  expressing  the  general  practice  of  water  departments, 
it  is  evident  that  the  present  standard  is  high,  and  the 
only  question  which  might  profitably  be  asked  is  as  to 
what  happens  to  the  joints  when  the  higher  pressures  due 
to  water  ram,  and  more  or  less  incident  to  the  operation 
of  every  system,  are  applied,  and  whether,  therefore,  pipes 
should  not  be  tested  at  some  pressure  above  that  of  work- 
ing conditions.  It  is  noticeable  that  but  very  few  of  the 
statements  made  in  reference  to  leakage  from  mains  and 
services  are  based  on  any  actual  tests  after  the  pipes  have 
been  in  use  for  any  period  of  time,  and  the  opinions  ex- 
pressed are  generally  formed  from  observation  of  such 
joints  as  have  from  time  to  time  been  exposed.  Only 
four  definite  statements  of  tests  for  leakage  of  pipe  after 
periods  of  use  are  reported,  and  these  indicate  only  a 
small  loss  from  the  joints. 

Naturally  only  those  systems  where  a  high  percentage 
of  the  services  are  metered  can  make  any  accurate  esti- 
mate of  the  water  not  delivered  to  consumers.  Where 
less  than  75  per  cent  of  the  services  are  metered,  waste 
by  carelessness  inside  the  premises  of  consumers  is  un- 
doubtedly the  great  factor  in  determining  the  amount  of 
water  supplied — a  condition  which  clearly  stands  out  in 
the  replies  received,  by  comparing  the  water  furnished 
per  capita  with  the  per  cent  of  metered  services.  Thus, 
with  due  allowance  for  special  industrial  demands,  the 
relation  between  meters  and  amount  supplied  is  very  ap- 
proximately, as  follows: 

100%  metered  6S  gallons  per  day  per  capita. 

7.T%  metered  73  gallons  per  day    per  capita. 

50%  metered  90  gallons  per   day   per   capita. 

25%  metered  110  gallons  per  dgy  per   capita. 

0%  metered  12")  gallony  per   day   per  capita. 

It  is,  therefore,  evident,  as  would  be  expected,  without 
the  evidence  of  the  present  investigation — that  in  the 
conservation  of  our  water  supplies  metering  of  the  serv- 
ices is  the  great  factor,  and  leakage  from  mains,  except 
in  particular  instances,  is  of  minor  importance. 

While  this  is  true,  however,  there  remains  the  fact  that 
in  completely  metered  systems  the  average  unaccounted 
for  water  amounts  to  about  20  per  cent  of  the  total 
amount  of  water  delivered  to  the  distribution  pipes. 

Whether  it  is  economically  possible  to  reduce  this  loss 
by  a  better  type  of  joint,  better  workmanship,  testing  at 
pressures  above  normal,  cannot  be  determined  by  the  evi- 
dence thus  far  made  available  to  the  committee.  The 
information  most  needed  to  reach  conclusions  is  that  giv- 
ing the  results  of  leakage  surveys,  of  actual  tests  made 
after  the  pipes  have  been  in  service  some  years,  of  experi- 
mental work  showing  the  relation  between  pressure  on 
the  joints  and  leakage,  and,  particularly,  data  from  those 
departments  where  accurate  tests  }\ave  shown  leakage  in 
mains  to  exist.  There  is  no  doubt  that  in  many  cases 
there  is  a  large  loss  from  the  pipe  system,  even  though 
in  the  replies  received  to  date  to  the  circulars  of  the 
committee  the  great  majority  regard  this  loss  as  verj 
small,  or  refuse  to  make  any  estimate. 
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WELLS  CASED  WITH  VITRIFIED  PIPE. 

Vitrified  sewer  pipe  was  used  for  the  casing  in  wells 
constructed  recently  for  the  towns  of  Barnstable  and 
Medway,  Mass.  The  pipe  was  sunk  in  the  same  manner 
that  a  caisson  is  put  down.  For  the  larger  size  wells  the 
e.xcavation  was  handled  by  a  small  orange  peel  bucket 
operated  from  a  4-leg  pipe  derrick,  the  material  first  be- 
ing loosened  with  a  long  bar. 

The  bells  of  the  pipe  were  cut  off,  and  a  system  of 
clamps  used  for  keeping  the  sections  together  and  pre- 
venting off-setting.     Two  forms  of  clamps,  as  shown  in 
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Types   of    Clamps   for   Joining    Pipe    Sections. 

.  the  accompanying  sketch,  were  used.  The  first  type  was 
made  of  metal  plates  with  slits  at  each  corner,  so  th.at  the 
center  section  was  bent  up  and  the  two  side  sections 
bent  down.  The  use  of  this  type  depended  entirely  upon 
the  weight  of  the  pipe  keeping  the  upper  section  follow- 
ing the  next  lower  section  properly. 

In  some  kinds  of  ground  this  form  of  clamp  was  not 
satisfactory  as  the  lower  sections  were  liable  to  leave  the 
upper  sections.  In  this  case  straight  steel  clamps  were 
used  on  the  sides,  with  two  bolts  in  each  pipe  and  a  plate 
outside  and  one  inside. 

The  wells  were  about  30  ft.  deep  and  as  a  substitute 
for  small  tubular  wells  have  proved  very  effective.  It  has 
been  found  that  a  large  supply  of  water  can  be  drawn 
from  quick  sand  by  this  method,  after  loading  down  the 
sand  when  it's  rising.  The  wells  were  devised  by  L.  L. 
Wadsworth,  president,  and  Henry  A.  Symonds,  engineer, 
of  the  Hanscom  Construction  Co.,  Boston,  Mass.  The 
wells  cost  about  $200  each. 


EXPERIENCE  AT  SPRINGFIELD,  MASS.,  IN  THE 
APPLICATION    OF   COAGULANT   INTERMIT- 
TENTLY IN  EXCESS  AMOUNTS.* 

By  Elbert  E.  Lochridge,  Chief  Engineer,  Springfield  Water  Works. 

Coagulation  by  sulphate  of  alumina  prior  to  slow  sand 
filtration  has  been  the  practice  at  the  West  Parish  Filter 
plant  of  Springfield,  Mass.,  since  its  construction.  Rec- 
ords are  now  available  covering  six  full  years.  During 
the  last  four  years  of  this  time  the  method  of  application 
has  been  so  altered  that  materially  reduced  amounts  of 
coagulant  are  necessary,  although  at  alftimes  it  has  been 
possible  to  produce  satisfactory  water.  This  method  has 
been  the  application  of  over-doses  of  sulphate  of  alumina 
to  the  water  intermittently.  The  filters,  six  in  number, 
are  of  the  slow  sand  type  and  of  ^-z  acre  area  each.' 
The  water  of  Little  River  as  it  comes  to  the  filters  is  that 
of  a  mountain  stream  usually  clear,  of  low  alkalinity,  but 
with  a  varying  color,  which  with  the  rise  of  the  stream 
may  increase  several  fold  within  a  few  hours.  This  color 
in  the  river  water  may  be  low  enough  for  use  without  any 
reduction  for  a  long  period  of  time,  when  suddenly  a  rise 
in  the  stream  will  cause  a  large  increase  of  color  which 
makes  the  water  objectionable  for  use. 

In  the  chart  (Fig.  1)  the  upper  line  represents  the 
CO  or  of  the  river  water  by  day,  and  the  lower  the 
color  of  the  filtered  water  at  the  same  time. 
These  are  plottings  of  daily  results.  The  amount  of  sul- 
phate of  alumina  in  terms  of  both  grains  per  gallon  and 
pounds  per  million  gallons  is  plotted  above  the  color  lines 
in^such  manner  that  the  amount  applied  each  day  may  be 

•Abstract  of  a  paper  presented  Sent    1"!  <it  Pr.T.ir<.,,ti««     e  .i.     tt 
England  Water  Works  Association      The  paper  in  fnlVwin'ol''.''  ^^^^ 
the  Jouri;al  of  the  -Association.  "^  '""  ^"'  aPPear  in 
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readily  seen.  This  chart  gives  the  comparison  of  the 
two-year  period  of  1910  and  1911,  during  which  time 
coagulant  was  applied  in  the  usual  manner,  with  the  years 
1912,  1913,  1914  and  1915,  in  which  the  method  to  be 
described  was  used.  The  records  for  the  six  years  are 
plotted  in  such  manner  that  seasonal  comparisons  are 
also  possible. 

The  Little  River  at  the  point  of  diversion  has  a  catch- 
ment area  of  48  sq.  miles.  Its  elevation  at  this  point  is 
496  ft.  above  sea  level,  and  with  steep  slopes  the  ground 
rises  to  an   elevation   of  from   1,500  to   1,700  ft.   at  the 
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highest  points  of  the  watershed.  The  surface  of  the  stor- 
age reservoir  on  Borden  Brook  is  1,070  ft.  above  sea  level, 
and  1,000  ft.  above  Main  St.  in  Springfield.  The  water 
is  diverted  from  the  stream  in  a  deep  and  narrow  gorge,^ 
and  sent  through  a  mile  of  tunnel  to  a  sedimentation 
basin  8  acres  in  area  with  a  capacity  of  40,000,000  gal., 
or  between  three  and  four  days'  supply.  From  this  small 
reservoir  the  water  is  drawn  to  the  filters.  The  water 
from  the  tunnel  is  carried  by  a  concrete  conduit  to  an 
arm  at  the  greatest  distance  from  the  outlet.  There  are 
no  baffles  or  other  artificial  obstructions  in  this  reservoir. 
The  coagulant  is  applied  in  solution  to  the  water  in  tran- 
sit in  the  concrete  conduit  at  a  point  which  causes  it  to 
travel  with  the  current  540  ft.,  permitting  some  mixing 
before  its  submerged  delivery  into  the  basin.  Water  is 
constantly  flowing  from  the  river  to  this  basin  through 
the  conduit  and  is  drawn  uniformly  from  this  basin  to 
the  filters. 

The  determination  of  the  amount  of  aluminum  sulphate 
necessary  for  complete  reaction  is  made  in  a  series  of  2- 
gal.  bottles,  from  15  to  20  in  number,  which  are  filled 
each  day  with  the  riyer  water.  To  these  are  added,  in 
uniformly  varying  increments,  definite  amounts  of  sul- 
phate of  alumina.  For  e.xample,  to  the  first  bottle  enough 
is  added  to  give  the  effect  of  the  rate  of  50  lb.  per  mil- 
lion gallons;  to  the  ne.xt,  60  lb.;  to  the  next,  70  lb.,  and  so 
on  by  10  lb.  per  million-gallon  increments  to  270  lb. 
Within  a  few  hours  all  of  the  bottles  with  amounts  of 
coagulant  in  excess  of  the  "reaction  point"  will  indicate 
complete  color  removal,  and  the  precipitation  of  foreign 
matter  will  be  complete,  while  all  bottles  containing  less 
coagulant  than  this  amount  will  be  in  a  cloudy  or  murky- 
condition,  indicating  incomplete  reaction.  The  determi-  i 
nation  is  made  in  this  manner  each  day.  permitting  a  ' 
study  of  the  effects  of  the  rise  and  fall  of"  the  stream,  the 
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effect  of  storms,  melting  snows,  etc.     This  information  is  inches   in  proportion  to  the  distance  from  the  point   of 

also  of  great   value  at  times   of  sudden   changes,   when  entry  to  the  basin  of  the  raw  water. 

there  is  insufficient  time  to  make  the  determination.     The  The  average  length  of  filter  runs  during  the  four  years 

amount  necessary  is  dependent  on  a  number  of  different  described  in  this  paper  of  the  use  of  this  process  were 

conditions.     With    waters    of    the    same    alkalinity   there  as  follows: 

may  be  quite  a  marked  difference  in  the  amount  neces-  Filter  runs  after  ^■^fpV^g.''       Filter  runs  after  raking. 

sary  for  reaction,  varying  with  river  conditions.     It  is  not  .d        ^.-j                           v.    'S        =- 

entirely  dependent  on  the  amount  of  color,  as  with  the  -°p.^      £E"                        -  =  c ^       ^Zu 

same  color  to  be  reduced  it  varies  on  different  days.    The  y^^^             S         Sc"£      i-°            .1           l^c^      1-"^ 

amount  of  coagulant  actually  applied  to  the  water  is  al-  '            E         o§2a      xg^m          £           ^1:==      ?cci 

ways  a  little  in  e.xcess  of  the  reaction  point  determined,  -^        ^lli'      ls=5          Z           <_eS^      P.i~S 

and  during  the  period  of  application  this  is  kept  as  nearly      J^J^ 22  7C  ^90  26  ^6  84 

constant  as  possible.  ioh! :::;:::.:    26            85            152            24            77            157 

With  the  amount  or  rate  of  coagulant  application  per  -^^-^^^^^^^  it  ^^y  be  s'aid  that' the  use  of  intermit- 

hour  thus  known,   it  is  still  necessary  to  Je  ermine  the  coagulation  results  in  a  saving  in  expense,  uniform 

number  of  hours  per  day  during  which  it  shall  be  added.  ^    satisfactory   quality,   coagulation   without    ex- 

Throughout  most  of  the  year,  from  four  to  six  hours  per  alkalinities  in  soft  waters,  and  coagulation  with- 

day  IS  sufficient,  but  at  a  time  of  flood   resulting  in  a  very  e.^^fssive  overloading  of  the  precipitated  hydrate  on 

material  increase  in  color,  this  period  may  be  lengthened  ""''  ^^-^        , 

to  twelve  hours,  or  50  per  cent  of  the  time.  '^"^  ""^'"  '^^°^-       

Generally  speaking   the  standard  set  for  filtered  water  j^gTHOD  OF  TAPPING  A  6-FT.  MAIN  INTO  CON- 

is  that  of  no  coagulation  if  the  color  does  not  exceed  25.  prptp  ANn  STFFI    SHAFT  IINDFR 

Before  the  filtered  water  reaches  this  figure,  coagulant  is  CRETE  AND  STEEL  SHAl-  i  LNUEK 

resorted  to,  and  during  such  application  the  color  is  to  be  PRESSURE. 

kept    at   20    or   below.      By    referring   to    the    accompanying  Contributed  by  Jamcs  Skelton.   70  Lawton  Ave.,  Toronto,  Canada. 

diagram  it  will  be  seen  that  since  the  adoption  of  this  ^^  ^  extensions  to  the  water  works  system  of 
method.  It  has  been  possible  to  make  the  line  of  color  in  ^,^^  ^^  Toronto,  in  the  spring  of  the  year  1914,  it  was 
the  filtered  water  substantially  straight  or  uniform  ^^^^^  necessary  to  tap,  at  a  point  40  ft.  below  the  sur- 
throughout  the  year.  Under  the  old  method  of  constant  ^^^^  ^^  ^^^  ^^^  ^^^^.^^^  ^^^^^  through  which  was 
coagulant  use,  it  was  found  impossible,  especially  at  times  ^  ^^^^.^  ^^^  ^^^.^^  ^.^^^^  ^^ppj^.  ^^  ^j^^  ^^^y.  A  new 
of  low  alka  inity  or  sudden  changes,  to  add  sufficient  sul-  g_^^  ^^.^  ^^^  ^^  ^^  connected;  and,  as  it  was  earnestly 
phate  of  alumina  to  reduce  the  water  to  a  satisfactory  ^^^.^^^  ^^^^  ^^^  ^^^^  ^^^^^^^  ^^^  ^^^^  without  closing 
color  at  all  times  The  addition  of  soda  ash  or  lime  was  down  the  pumps,  the  job  was  one  which  called  for 
necessary  for  restoring  alkalinity  at  such  times.  This  is  ^^.-  -^^^  j^eas  and  considerable  engineering  skill.  It  is 
entirely  unnecessary  with  the  intermittent  application,  as  ^^  ^^^  ^^^^.^  ^^  Superintendent  Margerison  of  the  Marine 
but  a  small  portion  of  the  alkalinity  is  used  in  the  forma-  g^^^ion,  who  had  the  work  in  charge,  that  he  solved  the 
tion  of  the  floe.  The  first  coaguat.on  in  the  conduit  and  ^blem  in  a  manner  at  once  simple  and  effective, 
basin  results  in  a  water  of  substantially  zero  color,  with  ^^^  ^^^^^^  ^^^^^^  ^^  ^^^-^^  tj^^  operation  was  to  be 
at  least  a  theoretically  slightly  acidic  reaction.  This  ^^.^^^^^  consisted  of  a  steel  pipe  10  ft.  in  diameter 
treated  portion  of  the  water,  which  has  entered  the  basin  ^^^  encased  in  concrete,  which  extended  vertically  down- 
chemically  active  with  the  precipitate  or  floe  forming  ^^^^  .^^^  ^^^  ^^^^^  ^  distance  of  90  ft.,  to  a  point  where 
rapidly,  is  then  followed  by  untreated  water  in  a  quantity,  .^  ^^.^^^  ^^^^  ^^^  horizontal  tunnel  which  leads  under 
because  of  the  longer  period  of  time,  in  excess  of  the  ^^^  ^^^  ^^^  ^^^^^^  ^^^  .^^^^^  ^^^  ^^^  -^^.^  tj^e  deep  waters 
treated  water.  ^^  ^^^  j^^j^^  jt  ^^^^  proposed  to  place  a  cofferdam  on  the 
The  thorough  mixing  of  this  raw  water  with  the  treated  inside,  over  the  area  affected,  and  to  cut  into  the  shaft 
water  is  brought  about  at  the  outlet   of  the  submerged  fj.^^  l^ie  outside. 

conduit  as  it  displaces  the  basin  water  at  this  point.  The  jj^  constructing  the  cofferdam — which  was,  of  course, 

second  reaction  begins  at  once  and  is  carried  to  comple-  built  above  ground  and  placed  in  position  afterwards — 

tion  with  a  restoration  of  alkalinity  to  the  entire  supply,  ^   platform  was   first  made,   80   ft.   square,   of   solid   oak 

this  action  probably  being  consummated  during  the  period  planking.     On  the  upper  side  of  this,  flush  with  the  four 

which  elapses  before  the  next  application  of  coagulated  edges,  were  bolted  four  10-in.  squared  timbers.     And  on 

water.     The  floe  of  the  treated  water  has  not  had  an  op-  ^Qp   ^f  these — on   the  two   end    ones — were   spiked    two 

portunity  to  settle  when  the  raw  water  is  admitted,  and  similar  timbers,  each  8  ft.  in  length,  which  had  been  sawn 

readily  furnishes  a  base  about  which  the  additional  pre-  semi-circular  in  shape  along  one  side  so  as  to  conform 

cipitation  resulting  from  this  secondary  reaction  foi-ms,  to  the  cross-section  of  the  pipe;   and  the  outside  edges 

and  serves  to  carry  down  color,  sediment,  and  bacteria  ^f  the  two  side  timbers  were  beveled  so  that  they  also 

mechanically,  as  well  as  through  the  chemical  reaction  would  fit  snugly  against  the  curved  walls  of  the  shaft, 

which  is  taking  place  in  every  part  of  the  untreated  water  -j-q  make  all  water-tight,  a  thick  rubber  gasket  was  in- 

as  it  mixes  with  the  overdosed  water.  set  on  the  face  of  the  timbers  on  all  four  fronts. 

The  resultant  reduction  of  color  is,  therefore,  due  to  On  the  reverse  side  of  the  platform,  an  upright  A- 
the  effect  of  dilution  of  the  higher  colored  water  with  brace  of  squared  timbers  was  bolted,  its  feet  flush  with 
water  of  no  color;  to  the  second  reaction,  which  is,  in  the  two  sides  and  midway  between  the  two  ends,  the  total 
reality,  the  completion  of  a  reaction  started  under  favor-  height  of  the  dam  with  the  brace  in  position  being  a 
able  conditions  of  overdosing,  and  which  reaction  chemic-  trifle  less  than  10  ft.  A  horizontal  bench-brace  strad- 
ally  is  always  complete,  as  the  excess  of  the  applied  died  the  platform  at  right  angles  to  the  A-brace.  between 
coagulant  is  taken  up  by  the  alkalinity  of  the  untreated  the  legs,  its  height  20  in.  less  than  that  of  the  A-brace. 
water,  resulting  in  the  completion  of  the  mass  reaction;  The  cofferdam  was  not  complete.  It  was  heavily 
and  also  to  the  mixing  of  the  floe  of  the  fully  treated  weighted,  so  as  to  counteract  its  buoyancy,  and  then 
portion  with  the  mass  of  the  entire  day's  water  supply,  hoisted  by  derrick  and  let  down  through  the  roof  of  the 
before  it  has  the  opportunity  to  settle.  The  precipitate  pumping  station  into  the  pumping  shaft, 
thus  formed  in  a  large  part  settles  before  it  is  carried  Into  the  black  waters  of  the  shaft  Superintendent 
to  the  filters.  Margerison  descended;  and  the  dam  was  carefully  low- 
The  sedimentation  basin  was  drawn  off  and  cleaned  ered  to  the  required  depth,  and  guided  over  the  exact 
after  five  years'  operation  of  the  filtration  plant,  and  it  spot  to  be  covered.  Here  it  was  temporarily  anchored, 
was  found  that  large  masses  of  precipitated  organic  mat-  a  wedge  being  driven  between  the  apex  of  the  A-brace 
ter  and  aluminum  hydrate  had  settled  in  the  upper  por-  and  the  tunnel  wall.  Two  heavy  jacks  were  then  ad- 
tions  of  the  basin.  This  deposit  covered  the  entire  basin,  justed,  their  bases  against  the  shoulders  of  the  horizon- 
varying  from  3  to  4  ft.  in  depth  near  the  inlet  to  a  few  tal  bench-brace,  their  tops  against  the  tunnel  wall.     A 
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little  at  a  time  the  jacks  were  carefully  tightened  and 
the  wedge  driven  home.  Four  hours  from  the  time  the 
derrick  swung  it  aloft  the  cofferdam  was  in  place. 

Beside  the  tunnel  shaft  an  excavation  had  been  made 
in  the  rock  to  a  depth  of  about  50  ft.,  and  workmen  im- 
mediately set  to  work  to  chisel  away  the  12-in.  concrete 
jacket  at  the  point  where  the  main  was  to  enter.  The 
steel  lining  being  exposed,  the  6-ft.  shield  of  metal  was 
cut  away  by  means  of  an  oxyacetylene  flame.  The  dam 
was  found  to  be  absolutely  water-tight. 

A  steel  flange  was  riveted  in  place,  and  a  length  of 
pipe  connected  thereto,  after  which  a  big  valve  was  in- 
stalled. Flange,  pipe  and  valve  were  then  encased  in 
cement.  The  valve  was  closed  and  the  cofferdam  re- 
moved. 

While  the  dam  remained  in  position,  the  great  pumps 
were  raising  through  the  shaft  their  usual  average  of 
€5,000,000  gal.  of  water  per  day,  sufficient  for  the  needs 
of' a  city  of  half  a  million  people.  Had  they  had  to  be 
closed  down  at  frequent  intervals  it  would  have  meant 
much  inconvenience  to  the  consumers. 


TABLE  II. 


-COST  PER  MILLION'  GALLONS.  BASED 
CONSUMPTION. 


COST  AND  USE  OF  CHEMICALS  AT  PURIFICA- 
TION PLANT  OF  ST.  LOUIS,  MO. 

The  entire  water  supply  of  the  city  of  St.  Louis,  Mo., 
is  pumped  from  the  Mississippi  River  at  the  Chain  of 
Rocks  into  seven  settling  basins,  having  a  total  capacity 
of  about  200,000,000  gal.  Sedimentation  is  hastened 
through  the  addition  of  lime  and  sulphate  of  iron.  The 
water  is  then  passed  through  rapid  sand  filters  having  a 
total  rated  capacity  of  160,000,000  gal.  for  24  hours,  and 
is  delivered  by  gravity  through  conduits  to  high  service 
pumping  stations.  Part  of  the  new  Chain  of  Rocks  fil- 
tration plant  was  placed  in  service  on  May  15,  1915,  and 
the  plant  was  completed  in  November,  1915.  The  method 
of  purification  is  as  follows:  Grit  removal,  softening 
with  lime,  coagulation  with  iron,  sedimentation,  coagula- 
tion with  sulphate  of  alumina,  filtration  and  sterilization 
with  chlorine.  The  following  data  on  J;he  operation  of 
the  purification  plant  for  the  year  ending  April  1,  1916, 
are  taken  from  the  recently  issued  annual  report  of  Ed- 
ward E.  Wall,  Water  Commissioner  of  St.  Louis. 

During  the  past  year,  34,690  million  gal.  of  water  were 
pumped  into  the  basins.  To  this  amount  of  water  were 
added  4,471  tons  of  sulphate  of  iron  and  13,790  tons  of 
lime,  or  an  average  of  1.84  grains  per  gallon  of  the  for- 
mer chemical  and  5.57  grains  per  gallon  of  the  latter. 

To  the  29,823  million  gal.  of  water  filtered  were  added 
1,225  tons  of  sulphate  of  alumina  and  57,781  lb.  of  chlor- 
ine, or  an  average  of  0.672  grains  per  gallon  of  the  sul- 
phate and  1,934  lb.  per  million  gallons  of  the  chlorine. 
The  aluminum  sulphate  was  added  before  filtration  and 
the  chlorine  after. 

The  yearly  maxima,  minima  and  averages  of  the  sul- 
phate of  iron  and  lime  used  in  grains  per  gallon  since  the 
installation  of  the  process  and  the  total  quantities  of  lime 
and  sulphate  of  iron  used  during  the  same  period  are 
shown  in  Table  I. 

TABLE   I. 
Lime. 

Grains  per  gallon ,  Total 

Year.                                           Maximum.     Minimum.     Average.  tons. 

1904-1905 9.00  4.00  6.02  14.291 

1905-1906 10.00  5.00  6.2S  11,814 

1906-1907 10.50  3.00  7.39  14,051 

1907-1908 9.75  4.00  6.02  12,063 

1908-1909 8.00  4.75  5.58  11.611 

1909-1910 ..jj 8.25  4.50  5.70  13,044 

1910-1911 rrrr. 7.25  4.00  5.77  13.032 

1911-1912 8.50  5.19  12,665 

1912-1913 6.50  4.00  5.23  12.448 

1913-1914 7.50  4.25  5.63  12.871 

1914-1915 7.50  4.00  5.75  13,660 

1915-1916 7.25  3.50  5.57  13,790 

Sulphate  of  Iron. 

1904-1905 5.00  ....  1.52  3,578 

1905-1906 5.00  .50  2.20  4,138 

1906-1907 4.75  1.25  2.13  4.050 

1907-1908 4.25  ....  2.55  5,117 

1908-1909 4.25  1.75  2.41  5,013 

1909-1910 4.50  1.50  2.91  6,649 

1910-1911 4.00  1.75  2.70  6,098 

1911-1912  4.50  ....  3.35  8,094 

1912-1913 4.50  1.73  2.97  7.082 

1913-1914 4.25  1.00  2.49  5.816 

1014-vn5       4.50  1.25  3.00  6,770 

101.5-lo{6     3.75  ....  1.84  4,471 


Old  Plant— 

1911-12. 

Lime    $1.83 

Iron    2.73 

Unloading    10 

Operating,    m  a  1  n  t  e  - 

nance  and   repairs...     .37 

Water,  coal,  oil,  etc 05 

Light  and  power OS 

Chemical    work 21 

Basin  cleaning 07 

Basin  repairs   


Total  old  plant 

Filters — 
Aluminum    sulphate.... 

Chlorine    

Operating,    m  a  i  n  t  e  - 

nance  and  repairs... 
Coal,      miscellaneous 

supplies  and  exp'ses. 
Light  and  power 


1912-13. 
$1.73 
2.42 
.12 

.44 
.05 
.05 
.29 
.10 


1913-14. 

1914-15 

$1.87 

$1.61 

1.92 

2.02 

.11 

.10 

.42 

.05 

.04" 

.28 

.07 


.04 
.03 
.25 
.12 


1915-16. 
$1.70 
1.42 
.08 

.47 
.03 
.07 
.43 
.14 
.03 


ON 

Nov. ,'15, 

to 
Apr.,'16. 
$1.61 
.64 
.07 

.31 
.04 
.07 
.49 
.08 
.03 


.$5.44         $5.19         $4.80         $4.56         $4.37         $3.54 

$1.00 
.15 

.98 


Total    

Total  consumption  for 

year  in  million  gals. 30, 506 

Cost  o£  Chemicals' — ■ 

Lime,  per  ton 

Sulphate   of   iron,   per 

ton    $10.00 

Sulphate    of    alumina, 

per   ton    

Chlorme,  per  lb 


29.956 


$10.00 


30,927 
$4.61 
10.00 


33,971 
$3.48 
10.00 


.10 


.10 


$0.76 
.18_ 

.83 

.14 

.14 

$6.42 

32,583 

$3.65 

10.00 

16.80 
.08 


.26 
.15 

$6.08 

13,138 


The  average  cost  per  million  gallons  for  lime  was  $1.70, 
for  sulphate  of  iron  $1.42,  for  sulphate  of  alumina  (101/2 
months)  76  ct.  and  for  chlorine  18  ct.  These  costs  are 
for  chemicals  alone  and  do  not  include  the  cost  of  han- 
dling or  application.  A  comparison  of  th°  costs  of  the 
various  parts  of  the  purification  work  during  the  past 
five  years  based  on  the  quantity  of  water  delivered  to  con- 
sumers is  shown  in  Table  II. 

Under  the  head  of  lime,  iron,  sulphate  of  alumina  and 
chlorine  are  included  all  charges  connected  with  the 
switching  of  these  materials  from  the  interchange  tracks 
at  Bissell's  Point  and  Humboldt  Ave.  to  the  Chain  of 
Rocks 

The  complete  purification  system  was  not  in  use  until 
Oct.  11,  1915,  when  the  grit  chamber  and  mixing  cham- 
ber were  put  into  service.  The  average  number  of  grains 
per  gallon  of  lime  and  sulphate  of  iron  used,  from  Now. 
1  to  March  31,  was  5.21  of  the  former  and  0.83  of  the 
latter.  During  the  same  period  of  the  preceding  year, 
the  average  number  of  grains  of  lime  used  was  5.25  and 
of  sulphate  of  iron,  2.05.  The  saving  effected  by  the  use 
of  1.22  grains  less  of  sulphate  of  iron  represents  a  sav- 
ing of  $12,178,  or  88  ct.  per  million  gallons  for  each  of 
the  13,839  million  gal.  of  water  pumped  during  the  above 
period. 

The  average  cost  of  filtration,  as  shown  in  Table  II,  for 
the  period,  Nov.  1  to  March  31,  was  $2.54  per  million 
gallons,  an  increase  in  cost  above  the  saving  effected  by 
the  use  of  less  iron  of  $1.66  per  million  gallons.  For 
this  greater  cost  a  water  of  sparkling  clearness,  of  little 
color  and  of  greater  purity  has  been  furnished  the  con- 
sumer. 

The  past  year  has  been  marked  by  an  unprecedented 
high  average  stage  of  the  river.  This  high  stage  made 
the  treatment  of  the  water  very  difficult  and  made  neces- 
sary the  use  of  a  larger  amount  of  chemicals  than  would 
have  been  used  had  the  stages  been  as  of  the  preceding 
year.  During  the  months  prior  to  November  the  basins 
were  being  withdrawn  from  service  at  times  in  order  to 
permit  construction  work  to  be  carried  on  with  conse- 
quent derangement  of  operation  and  higher  chemical 
charges  required  and  for  a  time  during  the  summer  the 
river  stages  prevented  any  cleaning  and  consequently 
higher  chemical  charges  were  required  than  would  have 
been  the  case  in  normal  operation.  A  larger  saving  in 
chemicals  may  be  expected  during  the  year  1916-1917. 

The  sulphate  of  iron,  in  the  form  of  sugar  sulphate,  vi^as 
furnished  by  the  American  Steel  and  Wire  Co.,  at  price 
of  $10  a  ton.    The  price  per  ton  has  been  the  same  since 

Mav,  1907.  ^     ^ 

Liquid  chlorine,  at  a  price  of  10  ct.  and  later  at  8  ct. 

a  pound,  was  supplied  by  the  Electro  Bleaching  Gas  Co. 

The  chlorine  was  delivered  in  cylinders  containing  100 

lb.  of  liquid. 

Sulphate  of  alumina  was  purchased  under  the  following 
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specifications:  "The  basic  sulphate  of  alumina  shall  be 
crushed  into  small  lumps,  ranging  in  size  from  V3  in.  to 
2  in.  It  shall  contain  not  less  than  17  per  cent  of  avail- 
able water  soluble  alumina,  ALOj. 

"There  shall  be  at  least  V2  of  1  per  cent  of  alumina, 
ALOj,  in  excess  of  the  amount  theoretically  required  to 
combine  with  the  sulphuric  acid  present.  The  material 
shall  not  contain  more  than  1/10  of  1  per  cent  of  matter 
insoluble  in  cold  water.  It  shall  not  contain  more  than 
1  per  cent  of  iron." 

The  sulphate  of  alumina  was  furnished,  under  the 
terms  of  this  specification,  by  the  General  Chemical  Co. 
at  a  price  of  $16.80  per  ton.  A  requisition  was  drawn  for 
2,000  tons.  All  cars  of  sulphate  received  have  passed  the 
above  requirements. 

The  contracts  for  lime  were  let  under  the  same  specifi- 
cations as  last  year,  requiring  a  lime  of  85  per  cent  CaO 
with  a  bonus  and  penalty  of  1^2  per  cent  of  the  contract 
price  for  each  per  cent  of  CaO  above  or  below  the  re- 
quired 85  per  cent.  All  lime  was  sampled  as  it  came  from 
the  crusher  after  unloading.  The  car  samples  and  sam- 
ples from  the  daily  supply  hopper  were  analyzed  in  the 
laboratory. 

Two  requisitions  were  drawn  for  6,000  tons  each.  The 
successful  bidders  were  the  Glencoe  Lime  &  Cement  Co. 
at  $3.84  a  ton,  and  the  John  Armstrong  Lime  &  Quarry 
Co.  at  $3.68  a  ton.  The  average  price  paid  per  ton  on  all 
deliveries  since  July  from  the  former  has  been  $3.90,  from 
the  latter  $3.40,  from  both  $3.65;  the  average  per  cent  of 
lime,  CaO,  present  being  84.1.  During  a  similar  period 
last  year  the  average  price  paid  per  ton  was  $3.48,  the 
average  per  cent  of  lime  being  85.1.  The  contract  prices 
were  $3.64  and  $3.50  per  ton  on  two  requisitions  of  7,000 
tons  each. 


STATISTICS  OF  STORAGE  OF  FILTERED  WATER. 

The  accompanying  tabulation  from  the  recently  issued 
report  of  Messrs.  Hyde,  Wilhelm  and  Miller  on  a  new 
water  supply  for  the  city  of  Sacramento,  Cal.,  shows  the 
provisions  that  have  been  made  for  the  storage  of  filtered 
water  at  several  plants  in  the  United  States.  The  table 
indicates  that  the  percentage  relation  of  capacity  of  stor- 
age to  the  nominal  daily  volume  of  output  of  the  plant 
represented  varies  from  a  maximum  of  91  per  cent  to  a 
minimum  of  3  per  cent  and  averages  30  per  cent.  Similar- 
ly, with  respect  to  hours  of  storage  represented  by  the 
capacity  of  the  filtered  water  basins  when  the  filters  are 
operating  at  their  nominal  capacities,  the  maximum  value 
is  21.8  hours,  the  minimum  0.7  hours  and  the  average  7.1 
hours.    The  statistics  of  storage  are  as  follows: 

Xominal   capac-  -^  ,  rj 

Name  of  place.  .  -n-g  g  "^  _  M  g^c 

2§.-  £-§.        as        i£S 

©oP»  aj^o  pen  o 

,.     ,,.  ES^  £&S-         zo        £2^ 

Minneapolis.   Minn 55  50  21.8  91 

Philadelphia.  Pa.   (Schuylkill  Riv .) .  115  77.5  16.2  67 

^ew  Orleans,   L.a     40  15  9.0  38 

Columbus,   0 30  10  8.0  33 

Louisville.    Ky 75  25  8.0  33 

Pittsburgh.  Pa 165  50  7.3  30 

Philadelphia.  Pa.  (Delaware  Riv.). .  182  50  6.6  27 

Evanston,    111 12                2.5±  5.0±  21-(- 

Cincinnati,    0 112  19.5  4.2  17" 

Cleveland.  0 150  25  4.0  17 

Baltimore,  Md 128  17.8  3.3  14 

Grand   Rapids.   Mich 21                2.S  3.2  13 

Little  Falls.   X.   J 33                 3.5  2.5  11 

Kew  Milford,  N.  J 35                 2.0  1.4  6 

McKeesport,    Pa 6                O.S  1.2  5 

Harrisburg,    Pa 15                 0.02§  1.0  4 

Albany,   N.   Y 21                 0.611  0.7  3 

Totals    1,135  352.12 

Averages    70  21  7.1  30 

Proposed  for  Sacramento 30  5  4  17 

'.Arbitrarily  taken  at  125  million  gal.  per  acre  per  day  for  rapid  sand 
niter  plants  and  3  million  gal.  per  acre  per  day  for  slow  sand  filter 
plants.  This  assumption  is  reasonable  for  the  former  type  of  plant, 
but  may  be  much  too  low  for  the  latter  type,  if  the  water  has  received 
adequate  preparator>'  treatment,  and  especially,  also,  if  chlorination 
of  the  ettluent  is  practiced. 

tNominal  hours  of  storage  in  filtered  water  basins  when  filter  plant 
:s  operating  at  its  nominal  capacity. 

tPercentagf  of  nominal  dailv  capacity  of  filters  represented  by  the 
•capacity  of  the  filtered  water  basins. 

sFrom  this  reservoir  water  is  pumped  to  an  elevated  open  distrib- 
uting reservoir  of  20.000,000  sal.  capacity. 

.„.ilProm  this  reservoir  water  is  pumped  to  reservoir  holding  37,000,- 
000  gal. 
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AN  UNUSUAL  FORM  OF   ELEVATED  WATER 
TANK. 

(Contributed.) 

The  accompanying  view  illustrates  a  large  elevated  wa- 
ter storage  tank  built  for  the  Campbell  Flour  Mills  Co., 
Limited,  of  Toronto,  Ontario.  Their  flouring  mills,  which 
rank  among  the  most  progressive  in  Ontario,  were  recently 
equipped  with  an  automatic  sprinkler  system  to  provide 
fire  protection  and  reduce  their  insurance  rates.  The 
tank  is  used  for  the  storage  of  water  necessary  to  oper- 
ate the  sprinkler  equipment  satisfactorily. 

The  prominent  position  and  great  height  of  the  struc- 
ture renders  it  peculiarly  effective  for  advertising  pur- 
poses, and  the  company  has  taken  advantage  of  this  fact 


An    Elevated   Water  Tank   Suilt   in   Semblance   of   a    Flour   Bag. 

in  having  the  tank  built  in  replica  of  a  bag  of  flour.  The 
work  is  built  entirely  of  steel,  which  material  may  be 
readily  formed  to  the  shape  desired  and  at  the  same  time 
insures  great  strength  and  unusually  long  life.  The  tank 
was  painted  and  lettered  to  represent  exactly  the  sack 
in  which  the  company's  product  is  marketed. 

Some  idea  of  the  size  of  this  water  tower  may  be  gath- 
ered from  the  following  data:  The  tank  holds  40,000  gal. 
of  water.  The  total  height  of  the  structure  is  152  ft.  above 
foundations.  The  tank  itself  is  37  ft.  deep  and  18  ft.  wide, 
being  built  oval  in  cross-section  to  correspond  truly  to  the 
shape  of  a  flour  sack.  The  weight  supported  is  over  200 
tons. 

The  work  was  designed  and  executed  by  the  Canadian 
Chicago  Bridge  &  Iron  Co.  of  Bridgeburg,  Ont.,  which 
makes  a  specialty  of  this  class  of  construction.  They  have 
also  recently  constructed  in  the  city  of  Toronto  for  the 
City  Dairy  Co.  a  similar  structure  having  a  tank  in  the 
shape  of  a  milk  bottle. 
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THE  SCIENTIFIC  CLEANING  OF  SETTLING 
BASINS.* 

By  Alexander  Potter,  Consulting  Engineer,  New  York  City. 

A  number  of  settling  basins  have  been  constructed  by 
the  writer  in  the  last  ten  years  in  which  the  sludge  de- 
posits are  removed  at  frequent  intervals  through  small 
perforations  built  in  the  bottom  of  the  basin,  and  without 
interfering  with  the  settling  process,  which  is  carried  on 
continuously.  The  first  plant  of  any  size  in  this  country 
in  which  this  principle  of  a  perforated  bottom  was  used, 
was  that  at  McKeesport,  Pa.,  a  plant  designed  to  treat 
10,000,000  gal.  of  water  daily. 

The  conditions  at  McKeesport  are  at  times  especially 
trying  on  the  sludge  removal  apparatus,  for  there  are 
periods,  of  short  duration,  when  the  precipitation  reaches 
almost  10  per  cent  by  volume  of  the  water  treated,  and  in 
the  treatment  1,000,000  lb.  of  lime  and  1,500,000  lb.  of 
soda  ash  have  been  used  annually.  The  cost  of  removing 
the  precipitated  material  at  the  McKeesport  plan  has 
averaged  about  35  ct.  per  1,000,000  gal.  of  water  treated. 
The  ratio  of  blow-off  water  to  water  treated  ranges  from 
1.4  to  8.9  per  cent  when  the  water  is  bad,  and  averaged 
2.3  per  cent  for  the  period  that  the  plant  has  been  in  oper- 
ation. 

The  largest  settling  basin  built  by  the  writer  in  which 
this  method  of  sludge  removal  was  used  is  the  6,000,000- 
gal.  settling  basin  at  Muskogee,  Okla.,  completed  in  1912 
and  described  in  the  Proceedings  of  the  American  Water 
Works  Association  of  that  year. 

In  examining  the  performance  of  the  McKeesport  plant 
it  was  found  that  about  75  per  cent  of  the  precipita- 
tion took  place  in  the  first  quarter  of  the  tank; 
consequently,  in  designing  the  Muskogee  plant  the  per- 
forated bottom  extended  over  25  per  cent  of  the  tank,  and 
at  this  point  a  curtain  wall  was  constructed  and  the  water 
was  forced  to  pass  over  the  top  of  it.  Experience  has 
justified  the  decision  of  the  writer,  for  examinations  made 
on  two  occasions  in  the  S^'i  years  that  the  plant  has  been 
in  operation  showed  the  amount  of  deposit  in  the  un- 
perforated  portion  of  the  settling  basin  varied  from  a 
depth  of  3  in.  at  the  curtain  wall  to  1  in.  or  1%  in.  at 
the  far  end. 

When  the  Muskogee  work  was  undertaken  the  writer 
was  again  warned  of  the  probable  failure  of  the  sludge 
removal  system,  notwithstanding  the  success  attending  its 
installation  at  McKeesport,  the  argument  being  raised  at 
that  time  that,  whereas  the  MceKesport  precipitate  was  a 
flocculent  precipitate,  due  to  the  high  chemical  content, 
the  precipitate  at  Muskogee,  being  of  a  silty  nature,  the 
perforations  would  undoubtedly  become  clogged.  To  date 
no  such  condition  has  arisen. 

As  this  method  of  sludge  removal  is  still  considered  by 
many  engineers  as  impractical,  the  3%  years'  experience 
at  Muskogee  with  this  method  of  sludge  removal  should 
prove  interesting. 

Muskogee  Settling  Basin. 

The  Muskogee  settling  basin  is  constructed  of  rein- 
forced concrete.  It  is  212  ft.  square  and  19.5  ft.  deep. 
When  filled  to  a  depth  of  18  ft.  its  capacity  is  6,000,000 
gal.  A  reinforced  concrete  curtain  wall,  6  in.  thick,  sup- 
ported by  buttresses  at  intervals  of  12  ft.,  divides  the 
basin  into  two  compartments.  The  first  and  smaller  of 
these  compartments,  52.5  ft.  wide  and  212  ft.  long  (about 
one-quarter  of  the  basin),  has  its  bottom  perforated  and 
underdrained  for  sludge  removal.  To  underdrain  the 
larger  compartment  was  not  considered  advisable,  first, 
because  of  the  expense  and,  second,  based  upon  the  ex- 
perience in  other  plants  where  the  writer  adopted  this 
method,  it  was  not  considered  necessary  because  of  the 
relatively  small  quantity  of  suspended  matter  which  ex- 
perience indicated  would  settle  out  in  this  compartment. 
Three  and  a  half  years'  continuous  operation  shows  it  to 
average  about  1.3  per  cent  as  opposed  to  98.7  per  cent 
removed  over  the  area  with  the  perforated  bottom. 

Figure   1   is  a  section  of  the  Muskogee  settling  basin 
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taken  parallel  to  the  direction  of  flow.  The  raw  water, 
treated  with  sulphate  of  iron  and  hydrated  lime  at  the 
average  rate  of  1  and  2^/2  grains  per  gal.,  respectively, 
enters  the  settling  basin  at  the  left  through  the  distribut- 
ing trough.  From  the  distributing  trough  the  water  is 
admitted  to  the  first  compartment  of  the  basin  through  32 
8-in.  circular  openings.  A  vertical  concrete  baffle  wall, 
4  in.  thick,  constructed  directly  in  front  of  these  openings, 
tends  to  arrest  all  eddy  and  vortex  motion  and  at  the 
same  time  deflects  the  incoming  water  downward. 

The  partially  settled  water  passes  from  the  first  to  the 
second  compartment  over  a  submerged  weir  formed  by 
the  curtain  wall.  The  crest  of  this  submerged  weir  is 
about  6  in.  below  the  average  water  level  maintained  in 
the  tank.  To  assist  in  arresting  vortex  motion  set  up  in 
the  water  as  it  passes  over  the  submerged  weir,  a  4-in. 
stilling  wall  has  been  placed  in  front  of  it.  The  settled 
water  is  drawn  off  into  the  collecting  channel  over  a 
series  of  weirs.  The  water  level  in  the  basin  operated 
varies  between  elevation  527.5  and  528.0. 
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Fig.    1. — Longitudinal    Section    Through    Muskogee    Settling    Basin. 
Detail  of  Drain  and  Plan. 

To  remove  the  sludge  from  the  first  compartment,  3-in. 
bell-and-spigot  vitrified-stoneware  drain-pipes  have  been 
laid  in  the  concrete  floor,  which  is  9  in.  thick.  These 
drain-pipes  are  arranged  in  parallel  rows  27.5-in.  centers 
in  five  distinct  zones.  These  zones  are  laid  out  with  the 
view  of  having  the  sludge  deposited  uniformly  over  the 
area  of  any  one  zone.  Each  zone  consists  of  a  main  col- 
lecting channel  8  in.  wide  and  4  in.  deep  into  which  the 
3-in.  under-drains  discharge.  The  3-in.  under-drains  are 
made  up  in  2-ft.  lengths  and  each  length  is  perforated 
with  one  circular  hole  9/16  in.  in  diameter.  The  cover 
plates  of  the  main  collecting  channel  are  perforated  with 
V2-in.  circular  holes  spaced  13%  in.  centers.  Twelve- 
inch  cast  iron  pipes  convey  the  sludge  from  the  various 
zones  to  the  sludge  well.  Tributary  to  each  zone  are  315 
holes  or  perforations  9/16  in.  in  diameter,  and  180  per- 
forations V2  in.  in  diameter,  giving  a  total  area  of  113.4 
sq.  in. — practically  the  same  as  the  area  of  a  12-in.  outlet 
pipe. 

Operating  Results. 

The  plant  treats  an  average  of  3,000,000  gal.  per  day. 
The  total  solids  in  the  raw  water,  which  is  taken  from 
the  Grand  River,  average  451  parts  per  million.  This  is 
increased  by  64  parts  per  million  by  the  hydrated  lime 
and  sulphate  of  iron  applied  to  the  water  before  it  enters 
the  settling  basin.  Of  the  total  solids  in  the  water  after 
being  treated  with  the  chemicals,  44  parts  per  million 
settle  out  in  the  mixing  chambers  and  distributing 
troughs,  307  parts  per  million  in  the  first  compartment, 
i.  e.,  the  first  quarter  of  the  settling  basin,  and  only  about  ^ 
4  parts  per  million  in  the  second  compartment. 

The  collecting  trough,  as  constructed,  acts  as  a  settling 
basin  and  tends  to  fill  with  sediment,  thereby  interfering 
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to  some  extent  with  the  uniform  distribution  of  the  co- 
agulated water.  Although  much  of  this  sediment  is 
washed  into  the  basin  by  the  increased  velocity  set  up  in 
the  distributing  trough  when  the  sludge  valves  are  opened, 
periodic  hand-cleaning  is  essential  to  secure  the  best  re- 
sults. Hand-cleaning  could  be  avoided  by  reducing  the 
area  of  cross-section  of  the  trough  and  shifting  the  cir- 
cular openings  from  the  side  to  the  bottom. 

The  total  solids  in  the  settled  water  amount  to  160  parts 
per  million,  practically  all  of  which  is  in  solution.  The 
water  after  it  leaves  the  settling  basins  is,  with  very  few 
exceptions,  uniformly  clear  and  free  from  suspended  mat- 
ter. The  Grand  River  water  is  comparatively  free  from 
miscroscopic  particles  of  clay.  Very  rarely,  however,  due 
to  abnormal  hydraulic  conditions,  the  Arkansas  River 
water  finds  its  way  up  into  the  Grand  River,  and  then  dif- 
ficulties are  experienced  in  coagulating  and  removing 
these  microscopic  particles  of  clay  nearly  always  present 
in  the  water  of  the  Arkansas  River. 

The  average  rate  of  removal  in  the  second  compart- 
ment, based  upon  the  total  amount  of  solid  matter  col- 
lected in  the  second  compartment  when  the  basin  was 
emptied  for  cleaning  after  two  and  a  half  years  of  con- 
tinuous operation,  averaged  about  4  parts  per  million, 
which  represents  I's  per  cent  of  the  total  solids  removed 
by  settling. 

As  the  Muskogee  plant  treats  an  average  of  3,000,000 
gal.  of  water  per  day,  the  weight  of  the  dried  solid  matter 
which  accumulates  daily  in  the  first  compartment  amounts 
to  7,690  lb.  This  solid  matter  is  highly  diluted  with  water 
and  forms  a  very  thin  sludge  which  is  neither  sticky  nor 
gelatinous  but  resembles  a  fluid  of  very  low  viscosity. 

The  daily  accumulation  of  sludge,  based  upon  a  water 
content  of  90  per  cent,  covers  the  first  compartment  to  a 
depth  of  1.25  in.  in  24  hours.  At  this  rate  of  deposition 
the  first  compartment  would  be  half-full  of  sludge  in  130 
days,  making  due  allowance  for  the  compressibility  of  the 
sludge.  In  the  3^2  j-ears  of  continuous  operation  of  this 
basin  the  settling  basin  has  been  out  of  commission  but 
once  for  examination,  at  which  time  there  were  removed 
about  3  in.  of  sediment  deposited  in  the  larger  compart- 
ment. The  first,  and  underdrained,  compartment  was  at 
that  time  found  to  be  practically  free  from  any  consider- 
able quantities  of  sludge,  and  no  clogged  perforations  or 
drains  were  detected. 

The  following  table  gives  the  most  important  facts  rela- 
tive to  the  operation  of  the  sludge  removal  system  at 
Muskogee. 

TABLE   I— D.\TA    RELATIVE  TO   .SLUDGE  REMOVAL. 
Aveiase  total  weisrht  of  dry  solids  removed  dailv  by  underdrains 

in    the   form    of  sludge,    lbs 7.690 

.\\eiage»  water  content  of  sludge  as  discharged  througli  blow-ofC 

valves,   per  cent    9S.7 

Total  quantity  of  .sludge  water  discharged  at  one  operation,  gal. ..70, 000 

Ratio  of  blow-off  water  to  total  water  treated,  per  cent 2.33 

Effective  hydrostatic  head  for  sludge  removal,  feet 20.5 

Average  velocity  thru  underdrain  perforations,  feet  per  sec 20.4 

Loss    of    hydrostatic    head    through    perforations.    26.3%    of    total 

head,    feet    5.4 

Hydrostatic  los'ses  in  underdrain  system.  21%  of  total  head,  feet.  4..'! 

A'elocity  head  lost  at  discharge.  .52.7%  of  total  head,  feet lO.S 

Cost  of  Sludge  Removal. 

The  total  cost  of  constructing  the  sludge  removal  sys- 
tem for  the  Muskogee  settling  basin  over  and  above  the 
cost  of  constructing  a  plain  tank  of  similar  shape  and 
size,  and  including  all  piping,  valves,  sludge  chamber, 
etc.,  was  $3,570.  This  is  at  the  rate  of  32.5  ct.  per  square 
foot  of  bottom  underdrained.  The  average  annual  cost  of 
operating  and  maintaining  the  sludge  removal  system,  in- 
cluding all  fixed  charges,  amounts  to  $523,  and  is  made  up 
as  follows: 

TABLE   II. 

Intere.st  and  depreciation,  S%  on  $3. .570 $2S6 

\  alue  of  the  blow-off  water  lost,   25. .500.000  gallons  raised   70  feet 

at  $6  per  million  (including  fixed  chargesl 103 

4.260  lb.  ferrous  sulphate  lost  with  blow-oft  water  at  1.25  ct.  per  lb.  53 
9.370  lb.  hydrated  lime  lost  with  blow-off  water  at  0.005  ct.  per  lb..  47 
Attendance  and  supplies 34 

Total  annual  c(5st $523 

Total  quantity  of  water  treated.   1.970.000.000  sal. 
Cost  of  sliidse  removal  per  1.000,000  gal.  of  treated  water.  $0.49. 
Weight  of  dry  solid  matter  removed  in  one  year,  1,404  tons. 
^-ost  per  ton  of  dry  solid  matter  removed.  $0.37. 

The  above  costs  of  sludge  removal  compare  most  favor- 
ably with  the  cost  of  sludge  removal  as  practiced  on  a 
large  scale  at  St.  Louis,  Nashville  and  Kansas  Citv.    The 


costs  of  removing  sludge  given  in  the  following  table  are 
taken  from  the  municipal  records,  which,  unfortunately, 
are  not  complete  in  that  they  only  give  the  cost  of  labor, 
making  no  charge  whatever  for  water  lost  and  used  in 
flushing  out  the  basin.  A  fair  allowance  has  been  made 
in  these  costs  for  water  wasted  and  used  for  flushing  pur- 
poses, and  as  corrected,  the  data  are  sufficiently  accurate 
for  purposes  of  comparison. 

TABLE     III.— COST    OF     REMOVING    SLUDGE     FROM  SETTLING 
BASIN'S.— (EXCLUSIVE    OF    FIXED    CHARGES.) 

Cost 

Water          Sludge  per  cu.  yd. 

treated        removed  of  s'ludge 

City.                                     Tear.            (mil.  gal.),     (cu.  yd.).  removed. 

•MusUogee.  Okla 1913-1916              3,210              21,903  $0.0469 

♦McKeesport,  Pa 1908-1913               8,890              96.000  0.0325 

Main   basin    1907                28,048             114.256  0.043 

St.  Louis,  Mc: 

:Main   basin    1908                29,156            135,108  0.048 

Main    basin    1909                34,201            129,035  0.051 

Main   basin    1910                33.910             182,500  0.045 

Bissels  lolnt  basin...         1908                4.000  t0.133 

Baden  stora^Te  reserv.         190S                700  t0.213 

Nashville.    Tcnn 1908                 4.500  t0.3o9 

•.Settling  basins  have  underdrainage  sysrtems. 
tLabor  costs  only. 

At  St.  Louis  it  appeared  to  have  been  the  practice  of 
lengthening  the  period  during  which  a  settling  basin  may 
be  kept  in  service  by  opening  the  mud  gate  5  or  6  in.  daily 
for  a  period  of  about  an  hour,  or  until  the  effluent  is 
comparatively  clear.  None  of  this  flushing  water  has 
been  charged  up  against  the  cost  of  sludge  removal.    It  is 
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Fig.   2. — Section    Through   Settling    Basin    of    Moorestown    Deferrization 

Plant. 

estimated  that  during  the  year  1910  approximately  193,- 
000,000  gal.  of  water  were  used  for  this  purpose  in  175 
days.  Including  the  cost  of  pumping  and  treating  this 
flushing  water  with  chemicals,  the  cost  of  sludge  removal 
becomes  29.3  ct.,  which  is  about  the  same  as  the  cost  of 
removing  the  sludge  at  Muskogee. 

At  Muskogee  the  percentage  of  sludge  water  to  total 
water  treated  is  2.33  per  cent,  which,  in  the  writer's 
opinion,  can  be  considerably  reduced  by  careful  manage- 
ment. This  ratio  of  sludge  water  to  total  water  treated 
compares  quite  favorably  with  that  of  St.  Louis,  where 
in  1910,  the  only  year  for  which  accurate  data  are  avail- 
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Fig.   3. — Detail   of  Underdrain   and   Orifice  for  Sludge   Removal   System, 
Moorestown   Deferrization   Plant. 

able,  523,000,000  gal.  of  water  were  chargeable  against 
sludge  removal.  Of  this  amount,  300,000,000  gal.  were 
lost  in  emptying  the  basin,  130,000,000  gal.  were  used  for 
flushing  purposes,  and  193,000,000  gal.  were  wasted 
through  the  sludge  gate,  thus  giving  a  ratio  of  1.54  per 
cent. 

Figure  2  illustrates  a  settling  tank  with  perforated  bot- 
tom designed  by  the  writer  for  the  removal  of  iron  from 
ground  water  and  erected  at  Moorestown,  N.  J.  The  iron 
deposits  collecting  in  the  bottom  of  the  settling  compart- 
ment are  here  removed  weekly  and  without  any  inter- 
ruption of  service  through  an  underdrain  system  similar 
to  that  at  Muskogee.  Essential  to  the  successful  opera- 
tion of  such  a  system  of  sludge  removal  is  a  high  velocity 
through  the  sludge  openings  in  the  floor  of  the  basin,  and 
the  frequent  removal  of  the  sludge,  especially  when  this 
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has  a  tendency  to  pack  or  solidify.  In  any  one  zone,  also, 
the  velocity  through  the  orifices  must  be  fairly  uniform  so 
as  to  secure  a  uniform  removal  of  the  sludge.  When  the 
available  head  for  sludge  removal  is  small,  as  is  the  case 
in  a  shallow  tank,  a  sufficiently  high  velocity  can  be  se- 
cured by  reducing  to  a  minimum  the  loss  of  head  at 
entrance  and  exit.  The  loss  of  head  at  entrance  can  be 
reduced  by  a  rounded  orifice,  such  as  shown  in  Fig.  3, 
which  shows  the  rotinded  orifice  used  at  the  Moorestown 
plant,  and  the  loss  of  hydrostatic  head  lost  with  the  sludge 
water  can  be  reduced  by  enlarging  the  sludge  outlet. 
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SOME    DATA    ON    THE    OPERATION    OF     THE 

PURIFICATION  PLANT  OF  WILMINGTON, 

DEL. 

The  purification  plant  of  Wilmington,  Del.,  consists  of 
preliminary  filters,  sedimentation  basins  and  final  filter. 
The  water  flows  by  gravity  to  the  preliminary  filters,  of 
which  there  are  10,  each  14^/2x100  ft.,  the  medium  be- 
ing gravel,  coke  and  sponge,  through  which  the  water 
passes  upward.  After  the  water  has  passed  these  filters, 
it  is  possible  to  treat  it  with  liquid  chlorine.  The  water 
then  flows  by  gravity  to  the  pumps,  from  whence  it  is  de- 
livered to  the  settling  reservoir.  The  settling  reservoir 
has  a  capacity  of  35,000,000  gal.,  91^2  per  cent  of  which 
is  available.  From  the  settling  reservoir  the  water  flows 
by  gravity  to  the  final  filters.  The  final  filters  are  reg- 
ular English  slow  sand  units.  There  are  six  of  these 
units,  each  364x40  ft.  The  water  after  passing  these 
filters  is  treated  with  liquid  chlorine  before  entering  the 
mains.     The  water  flows  by  gravity  to  the  consumers. 

The  following  figures  on  the  operation  of  the  plant  are 
taken  from  the  annual  report  of  Edgar  M.  Hoopes,  Jr., 
Chief  Engineer  of  the  Water  Department,  for  the  fiscal 
year  ending  June  30,  1915. 

The  total  quantity  of  water  delivered  to  the  slow  sand 
filters  was  3,518,990,000  gal.  (36-in.  Venturi  meter  regis- 
tration) of  which  8,400,000  gal.  or  0.24  per  cent  was  con- 
sumed in  washing  the  sand  beds.  The  remainder  of  3,510,- 
590,000  gal.  is  the  net  amount  delivered  to  consumers. 
The  total  quantity  of  water  delivered  from  the  prelimi- 
nary filters  was  3,551,373,390  gal.,  or  about  40,000,000 
gal.  more  than  was  actually  distributed.  This  amount 
represents  the  diiference  in  water  stored  at  Porter  Reser- 
voir at  the  beginning  and  end  of  the  year  as  well  as  leak- 
age in  the  forcing  main  between  the  pumping  station  and 
reservoir. 

At  the  slow  sand,  or  final  filters,  the  average  rate  of 
filtration  was  4,900,000  gal.  per  acre  per  day,  and  the  time 
of  beds  out  of  service  for  washing  or  raking  13.78  per 
cent.  The  average  time  out  of  service  for  each  bed  was 
2.3  per  cent. 

The  total  number  of  gallons  of  water  treated  with 
liquid  chlorine  was  2,859,410,000  or  about  84.2  per  cent 
of  the  amount  actually  distributed  to  consumers.  The 
actual  time  during  which  this  treatment  was  applied  was 
308  days  or  84.2  per  cent  of  the  year.  For  this  purpose 
3,842.5  lb.  of  chlorine  were  consumed — equivalent  to 
1,343  lb.  of  gas  per  million  gallons  of  water  treated.  The 
total  quantity  of  water  used  for  absorbing  this  gas  prior 
to  treatment  was  347,089  gal.,  or  1  lb.  of  chlorine  to  750 
lb.  of  water.  A  subdivision  of  operating  expenses  is 
given  in  the  following  table — interest  on  plant  invest- 
ment or  depreciation  not  being  included. 

Slow-Sand  Filtration  (3,510,590.000  gal.). 

Per 

^  ,     .                                                                                 Total.  1,000,000  gal. 

Salaries    $1,578  $0,449 

Labor    345  099 

Supplies    5S2  .163 

Light   and   power 620  .176 

Repairs  and  renewals  to  equipment 297  .084 

Miscellaneous  535  [152 

Total    $3,961  $1,123 

rrelimlnary  Filtration   (3,551.373,390  gal). 

Salaries    $1,293  $0,364 

L?bor    \\  .003 

Supplies    101  .028 

Repairs  and  renewals  to  equipment 31  .008 

Light  and  pov.'er 166  .046 

Miscellaneous    60  .016 

Total    $1,661  $0,465 


Laboratory    (3,551.373.390   gal.) 

Salaries    $1,510 

L  ibor    299 

.Supplies    143 

Ixepalrs  and  renewals  to  equipment 6 

.Miscellaneous    313 

Total    $2,277 


$0,426 
.084 
.040 
.002 
.088 

$0,640 


ADAPTATION  OF  FLOUR  AND  FEED  BLENDING 
MACHINE  TO  FEEDING  COAGULANTS. 

Contributed  by  W.  T.  JlcClenahan,  Monmouth.  111. 

The  original  filtration  plant  at  New  Kensington,  Pa., 
like  many  other  plants  treating  water  by  the  use  of 
coagulants,  was  provided  with  the  typical  mixing  tubs, 
mechanical  stirring  device  and  regulation  orifice  box. 
The  installation  contemplated  the  use  of  coagulants  made 
up  in  liquid  form  and  was  satisfactory  so  long  as  lime 
was  not  the  coagulant  used. 

When  the  plant  was  first  started  in  December,  1912, 
alum  and  soda  ash  were  the  coagulants  used.  Consider- 
able trouble  was  experienced  at  times  with  the  "red  water 
plague."  In  the  spring  of  1914,  when  Mr.  Chester  A. 
Humphreys  as  chemist,  and  the  writer  as  superintendent, 
took  charge  of  the  plant  it  was  soon  detennined  that  not 
only  was  iron  causing  the  trouble,  but  that  there  were 
suflJicient  quantities  present  at  most  times  in  the  Alle- 
ghany River  water  to  give  good  floculation  without  the 
addition  of  alum.  There  seemed  to  be  some  variation  in 
the  chemical  makeup  of  the  iron,  so  that  no  single  method 
of  treatment  would  be  satisfactorj'  at  all  times,  but  usual- 


Fig.  1 — Gauntt   Feedei. 

ly  the  addition  of  lime  alone  would  take  out  all  the  iron 
and  color. 

Attempts  were  first  made  to  feed  the  hydrate  of  lime 
by  making  it  up  in  a  milk  solution  in  the  mixing  tubs  and 
regulating  by  an  ordinary  hand-operated  valve  instead  of 
the  regular  orifice  box.  However,  it  was  found  difficult 
to  keep  the  solution  of  uniform  strength,  even  though  the 
stirring  device  was  kept  going.  Clogging  pipes  and  con- 
trol valve  also  gave  trouble  and  the  method  of  mixing  a 
batch  of  the  lime  with  water  caused  noxious  and  dis- 
agreeable fumes  to  arise  through  the  room  and  produce 
irritation  in  the  nose  and  throat  of  the  operator.  This 
method  of  feeding  lime  being  altogether  unsuited  to  our 
conditions,  we  began  looking  for  a  more  satisfactory  way 
and  naturally  turned  to  the  various  dry  feed  machines  for 
help. 

About  this  time  Mr.  Humphreys  saw  some  flour  and 
feed  blending  machines,  manufactured  by  the  F.  G. 
Gauntt  Mfg.  Co.,  Fort  Wayne,  Ind.,  and  was  convinced 
that  they  could  be  used  to  feed  dry  lime.  To  substantiate 
his  beliefs  he  installed  one  of  the  machines  at  Charleroi, 
Pa.,  for  experimental  work  and  tests.  These  tests  were 
so  successful  that  we  installed  two  more  machines  at  the 
plant  at  New  Kensington  and  these  have  been  in  success- 
ful operation  for  over  a  year  and  a  half.  The  writer 
designed  and  installed  the  equipment,  including  the  ac- 
cessories of  special  design. 

Referring  to  Fig.  2  it  will  be  noted  that  the  installa- 
tion makes  use  of  the  old  water  wheel  and  the  horizontal 
line  shaft  over  the  top  of  the  mixing  tubs  to  drive  the 
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machines.  A  2-in.  belt  pulley  was  bolted  to  the  line  shaft 
opposite  the  belt  wheel  of  each  machine.  The  machines 
were  suspended  from  the  ceiling  of  the  tub  room  by  a 
hanger  frame  not  shown  in  the  drawing.  The  hanger 
frame  also  furnished  support  for  the  belt  wheel,  short 
shaft  and  spur  wheel  of  the  bevel  gear  set  shown  at  the 
left  of  the  drawing. 

A  hopper  in  the  storage  room  above  discharges  the  lime 
through  a  tin  chute  into  the  mouth  of  the  machine  below. 
By  means  of  a  solid  helical  screw  conveyor  and  a  ribbon 
conveyor  the  chemical  is  moved  toward  the  outlet  end 
of  the  machine,  where  it  drops  through  a  galvanized  iron 
spout  into  a  specially-  designed  mixing  funnel,  where  it 
is  thoroughly  mixed  with  water  as  it  enters  the  coagulant 
pipe  lines.  The  waste  water  from  the  old  water  motor  is 
used  to  convey  the  lime  from  the  machine  to  the  low 
service  pump  discharge  not  far  from  its  entry  into  the 
settling  basin. 

Detail  of  Parts. 

The  Gauntt  .Alachine  (See  Fig.  1).— The  solid  helical 
screw  conveyor  on  the  right  measures  the  chemical  and 
deals  it  out  from  the  bin  in  doses  whose  size  is  governed 
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Fig.    2 — Dry    Chemical     Feeding     I  nstallaticn. 

by  the  rotation  of  the  shaft,  as  follows:  By  means  of 
the  ratchet  wheel  on  the  left  on  the  end  of  shaft  to  w-hich 
the  solid  helix  is  attached  and  by  two  sets  of  dogs 
actuated  by  the  rocker  arm  system  of  levers,  the  conveyor 
is  made  to  revolve  in  an  anti-clockwise  direction  and  to 
push  forward  a  small  dose  of  chemical  to  be  taken  up  by 
the  ribbon  conveyor.  The  speed  at  which  the  helical  con- 
veyor is  made  to  revolve  is  governed  by  the  number  of 
notches  taken  in  the  ratchet  at  each  movement  of  the 
rocker  arm.  Adjustment  as  to  the  number  of  notches 
taken  is  made  by  the  hand  wheel  and  long  screw  shown 
on  the  outer  end  of  the  rocker  arm.  'The  arrangement 
of  the  levers  and  fulcrums  causes  a  greater  or  less  travel 
of  the  dogs  according  as  the  end  of  the  rocker  arm  is 
lowered  or  raised  by  the  hand  wheel.  Further  adjust- 
ment of  this  travel  was  provided  for  on  our  machines  by 
substituting  a  perforated  disc  wheel  for  the  crank  shown 
in  the  cut  at  the  end  of  the  drive  shaft.  The  crank  pin 
could  be  inserted  at  three  different  places  in  this  disc 
wheel  so  that  its  radius  of  travel  and  therefore  the  mag- 
nitude of  the  rocker  arm  movement  was  greater  or  less 
as  the  pin  was  moved  out  or  in  on  the  disc. 

The  rate  of  feed,  however,  is  determined  not  only  by  the 
number  of  notches  taken  in  the  ratchet  wheel  at  each 
movement  of  the  rocker  arm,  but  is  also  affected  by  the 


speed  of  the  water  motor  which  drives  the  machine,  so 
that  quite  a  range  in  the  rate  of  feed  is  obtainable. 

The  ribbon  conveyor  is  driven  much  faster  than  the 
solid  conveyor  just  described  and  cuts  up  the  large  dose 
of  chemical  shoved  forward  by  the  latter  and  delivers  it 
to  the  mixing  funnel  in  almost  a  continuous  stream.  It 
is  made  of  a  narrow  piece  of  metal  held  out  from  a  hol- 
low center  shaft  by  numerous  posts  and  takes  the  form  of 
a  helical  line.  The  shaft  runs  outside  the  shaft  of  the 
solid  conveyor  and  is  driven  from  the  drive  shaft  above 
by  a  sprocket  chain  over  the  outlet. 

In  the  mouth  of  the  machine  the  cut  shows  two  sets  of 
agitators  which  keep  the  chemical  moving  toward  the 
conveyor. 

In  our  machine  the  helix  was  made  single  leaf  instead 
of  double  as  shown  in  the  cut.  We  also  had  64  teeth 
made  in  the  ratchet  wheel  instead  of  32  as  ordinarily 
made.  The  effect  of  these  changes  was  to  reduce  the 
capacity  of  the  machines  so  that  the  rate  of  feed  was 
much  less. 

Mixing  Funnels  (See  Fig.  3). — The  mixing  funnel  is 
made  of  one  piece  of  cast  iron  and  a  lid,  both  given  a 
slush  coating  of  enamel  to  prevent  rusting  and  to  make 
them  smooth  inside  and  out.  Galvanized  iron  funnels 
were  tried,  but  they  did  not  last. 

Water  from  the  water  motor  comes  in  tb-rough  the 
lower  opening  on  the  side  and  spills  over  the  edge  of  the 
inside  ring  in  a  thin  sheet,  being  collected  and  discharged 
through  the  opening  in  the  bottom.  Chemical  from  the 
machine  above  drops  down  through  the  galvanized  spout 


V^-F 


Section  E-F 


.1  •*Tf5'>**-5'-'**<fjV  ;; 
Section  G- ft 


Ftg.   3 — Cnemical   IMixing    Funnel   and    Lid. 

through  the  opening  in  the  lid  into  the  midst  of  the  vor- 
tex formed  as  the  water  spills  over  the  ring  weir.  The 
chemical  thoroughly  mixes  with  the  water  and  the  volume 
of  water  being  quite  large  little  trouble  is  experienced 
with  the  lines  clogging. 

Water  Motor  and  Speed  Reduction. — The  water  motor 
was  placed  high  enough  that  the  waste  water  might  flow- 
to  the  funnels  by  gravity.  There  is  a  speed  reduction 
from  1.000  R.  P.  M.  at  the  water  motor  to  4  R.  P.  M.  at  the 
drive  shaft  of  the  machine. 

Piping  and  Valves  (See  Fig.  2). — Most  of  the  piping 
arrangement  is  obvious,  but  some  details  are  noteworthy. 

A  valve  in  the  branch  supply  line  to  each  machine 
regulates  the  amount  of  water  delivered  to  each  funnel. 
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A  funnel  is  cut  out  by  stopping  the  machine  and  closing 
this  valve. 

A  -^i-in.  pressure  connection  to  one  of  the  branches  on 
the  motor  side  of  one  of  these  valves  furnishes  extra 
water  to  either  or  both  machines  in  case  the  waste  from 
the  water  motor  proves  insufficient,  which  condition  has 
never  occurred. 

Another  1-in.  pressure  connection  was  made  to  the 
coagulant  lines  below  a  valve  placed  just  under  the  mix- 
ing funnel,  so  that  the  coagulant  lines  can  be  flushed  out 
under  pressure  at  regular  intervals. 

The  overflow  pipe  from  the  mixing  funnel  discharges  in 
the  open  into  a  small  funnel  which  connects  to  the 
sewer. 

Hopper  Bin  (See  Fig.  4). — In  the  Charleroi  installation, 
where  lime  was  fed,  a  rectangular  box  2  ft.  by  3  ft.  sec- 
tion by  4  ft.  high  was  used  with  the  hopper  bottom  ex- 
tending up  only  half  way  on  the  sides.  The  box  was 
made  of  untreated  white  pine  flooring  with  the  boards 
running  horizontally.     The  chute  was  7  in.  square. 

With  this  hopper  trouble  was  continually  experienced 
with  the  lime  sticking  and  hanging  to  the  sides  of  the  bin, 
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Fig.   4 — Chemical    Feed    Bin. 

with  it  arching  over  the  opening  and  with  another  pecu- 
liar phenomenon  we  called  "piping."  Undoubtedly  the 
design  of  the  hopper  was  poor  in  that  the  grain  of  the 
wood  and  the  cracks  were  at  right  angles  to  the  travel 
of  the  lime  particles.  We  also  thought  that  the  slopes 
of  the  bottom  of  the  hopper  were  too  flat.  The  writer 
also  thought  that  the  soft  untreated  pine  sides  would 
have  a  tendency  to  absorb  moisture  and  that  small  lime 
particles  would  therefore  adhere  to  the  sides  and  increase 
the  frictional  resistance.  However,  this  point  was  never 
verified  and  resistance  from  such  a  cause  may  be  insig- 
nificant. 

The  large  frictional  resistance  of  this  Charleroi  bin, 
combined  with  a  small  square  opening  in  the  bottom  of 
the  hopper  seemed  to  cause  the  lime  to  arch  over  the 
opening  and  leave  a  large  cave-like  cavity  at  the  bottom 
of  the  bin.  Sometimes  the  hole  took  another  form  and 
assumed  the  shape  of  a  round  cylindrical  opening  from 
the  bottom  to  the  top  of  the  lime  charge.  We  called  this 
phenomenon  "piping,"  from  its  resemblance  to  a  stove- 
pipe. Either  condition  resulted  in  the  machine  running 
empty  if  it  was  not  discovered  in  time. 

The  writer,  to  remedy  the  defects  in  the  Charleroi  hop- 
per, had  the  boards  in  the  side  of  the  hopper  run  ver- 
tically, so  that  the  grain  of  the  wood  and  the  cracks  were 
in  the  direction  of  the  travel  of  the  lime  particles.  He 
brought  the  slopes  clear  to  the  top  of  the  bin,  so  that 
they  were  much  steeper.  He  made  the  sides  of  hard 
maple,  which  takes  a  hard,  smooth  finish,  and  shellacked 
the  bin  inside  and  outside  to  fill  the  pores  of  the  wood 


and  prevent  absorption  of  moisture.  To  prevent  arching 
and  "piping"  the  chute  was  made  the  full  size  of  the  ma- 
chine  mouth,  which  made  one  dimension  three  times  the 
other  dimension. 

In  actual  operation  the  flat  sides  of  this  opening  seem 
to  prevent  the  piping  entirely  and  most  of  the  arching. 
Whatever  arching  has  occurred  has  developed  at  one  end 
and  has  usually  broken  down  before  the  machine  ran 
empty.  The  lime  shows  no  tendency  to  stick  to  the  sides, 
but  breaks  away  clean  and  free. 

On  top  of  the  lime  bin  a  removable  white  pine  cover 
has  been  provided,  with  a  small  door  just  big  enough  to 
admit  the  end  of  a  sack  of  lime  when  filling  the  bin.  This 
prevents  the  lime  dust  from  coming  up  into  the  face  of 
the  operator  and  has  been  much  appreciated  by  him.  A 
small  hole  cut  in  the  cover  away  from  the  operator  allows 
exit  to  the  entrapped  air  as  the  sack  is  poured  into  the 
bin. 

A  two-step  stair  was  found  convenient,  for  the  bin  is 
too  high  to  load  easily  from  the  floor. 

The  chute  was  made  of  heavy  tin,  enclosed  in  a  wooden 
box  below  the  floor  line.  Tin  was  thought  to  be  smoother 
than  galvanized  iron  and  therefore  more  desirable.  The 
top  of  the  tin  chute  was  flared  out  like  the  bell  of  a  pipe 
and  fitted  over  the  outside  of  the  wooden  hopper  above. 
The  joint  between  the  tin  and  the  hopper  mouth  was 
sealed  with  cement  to  make  it  dust-tight.  The  lower  end 
of  the  tin  chute  slips  inside  the  mouth  of  the  Gauntt 
machine. 

Remarks. — The  installation  herein  described  has  given 
excellent  service  in  feeding  both  lime  hydrate  and  iron 
sulphate.  The  writer  believes  it  can  be  used  in  feeding 
other  chemicals  that  do  not  absorb  moisture  readily  and 
become  caked.  He  has  never  seen  it  tried  with  powdered 
alum,  but  he  believes  it  could  be  used  with  alum,  provided 
care  was  taken  to  keep  the  alum  stored  in  a  dry  place, 
away  from  the  air,  so  that  the  powder  would  feed. 

One  suggestion  to  those  who  should  happen  to  install 
machines  like  these  would  be  to  use  some  other  drive  than 
a  belt  where  the  pulleys  are  so  small  and  especially  where 
the  belt  is  nearly  vertical.  Ours  gave  some  trouble  slip- 
ping on  the  pulleys. 


INTERCEPTING    DEVICE    FOR    FRANKFORD 

CREEK     HIGH    LEVEL    SEWER, 

PHILADELPHIA. 

In  connection  with  the  plans  for  the  Frankford  Creek 
high  level  intercepting  sewer  at  Philadelphia,  Pa.,  a  new 
design  has  been  made  for  admitting  sewage  into  the  inter- 
ceptor from  the  combined  sewer.  This  design  consists  of 
a  combination  of  the  intercepting  device  used  in  Dresden, 
Germany,  and  a  regulating  gate  without  any  float  control 
designed  by  one  of  the  engineers  of  the  Bureau  of  Sui'- 
veys  of  Philadelphia.  The  following  description  of  the 
method  is  taken  from  a  paper  presented  before  Boston 
Society  of  Civil  Engineers  by  W.  L.  Stevenson,  assistant 
engineer  in  charge.  Sewage  Disposal  Division,  Philadel- 
phia, and  printed  in  the  September  .Journal  of  the  society: 

The  maximum  hydraulic  grade  line  in  the  intercepting 
sewer  is  fixed  at  the  point  of  interception  at  or  as  near 
below  as  possible  to  the  1950  estimated  "storm  maximum" 
elevation  of  water  surface  in  the  combined  sewer.  This 
means  that  generally  the  intercepting  sewer  passes 
through  the  combined  sewer.  The  intercepting  sewers 
are  designed  so  that  "storm  maximum  flows"  are  at  three- 
fourths  capacity  or  in  circular  sections  at  two-thirds 
depth.  The  one-third  air  space  is  carried  through  the 
combined  sewer,  and  the  top  of  the  intercepting  sewer  is 
constructed  of  cast  iron  plates,  which  form  the  crest  of  a 
dam  in  the  invert  of  the  combined  sewer.  The  crest  of 
this  dam  is  at  the  elevation  of  "storm  maximum"  flow  in 
the  combined  sewer,  and  hence  serves  to  hold  back  all 
flows  of  less  than  that  amount. 

In  the  side  of  the  combined  sewer  and  upstream  from 
the  dam  a  rectangular  opening  is  made  to  carry  the  dry- 
weather  sewage  flow  and  such  portion  of  storm  water  as 
predetermined  to  the  intercepting  sewer. 
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In  this  rectangular  conduit,  between  the  combined 
sewer  and  the  intercepting  .sewer,  there  is  placed  the 
regulating  device,  which  consists  of  a  structural  steel 
rectangular  leaf,  supported  below  its  center  by  a  hori- 
zontal shaft.  The  natural  tendency  of  the  leaf  is  to  rest 
against  stops  in  a  nearly  horizontal  position,  due  to  the 
fact  that  the  center  of  gravity  of  the  leaf  is  above  the 
point  of  support. 

The  horizontal  shaft  is  placed  at  about  the  same  eleva- 
tion as  the  crest  of  the  dam  in  the  combined  sewer,  and 
consequently  all  flows  below  this  elevation  pass  freely  un- 
der the  regulator  into  the  intercepting  sewer.  When 
storm  water  increases  the  depth  of  flow  to  an  elevation 
above  the  horizontal  shaft,  the  lower  part  of  the  leaf 
offers  resistance  to  the  free  flow  and  causes  the  water  to 
rise  in  back  of  the  gate,  which  increases  the  pressure 
upon  the  upper  part  and  causes  the  gate  to  begin  to  close. 
The  rate  of  closure  depends  upon  the  velocity  of  approach 
to  the  gate  and  to  the  height  of  water  beyond  the  gate. 
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Arrangement  of   Intercepting   Device. 

In  its  closed  position  the  upper  part  of  the  gate  bears 
against  the  top  of  the  rectangular  conduit,  but  the  lower 
part  of  the  gate  is  designed  to  clear  the  bottom  of  the 
conduit  by  an  amount  sufficient  to  leave  an  opening  be- 
neath, so  that  when  the  combined  sewer  runs  full,  the 
head  upon  the  opening  will  cause  a  discharge  under  the 
regulator  equal  to  the  average  dry-weather  flow.  This 
allows  a  velocity  in  front  of  the  gate  to  keep  grit  in  the 
storm  water  moving  forward,  instead  of  settling  in  the 
approach  to  the  gate.  When  the  flow  in  the  combined 
sewer  abates  to  an  elevation  where  the  hydrostatic  pres- 
sure on  the  upper  part  of  the  gate  is  less  than  upon  the 
lower  part,  the  natural  tendency  of  the  regulator  causes 
it  to  open  and  the  normal  flows  are  resumed  to  the  inter- 
cepting sewer. 


EQUALIZING  TABLE  FOR  DELIVERY  CAPACITY 
OF  WROUGHT  IRON  PIPE. 

It  is  frequently  desired  to  know  what  number  of  pipes 
of  a  given  size  are  equal  in  carrying  capacity  to  one  pipe 
of  a  larger  size.  At  the  same  velocity  of  flow  the  volume 
delivered  by  two  pipes  of  different  sizes  is  proportional  to 
the  squares  of  their  diameters;  thus  one  4-in.  pipe  will 
deliver  the  same  volume  as  four  2-in.  pipes.  With  the 
same  head,  however,  the  velocity  is  less  in  the  smaller 
pipe,  owing  to  greater  proportionate  friction,  and  the 
volume  delivered  by  the  larger  pipe  varies  about  as  the 
square  root  of  the  fifth  power.  The  accompanying  table 
has  been  prepared  on  this  basis.  The  table  was  calcu- 
lated by  Mr.  Fred  Schulder,  head  of  the  architect's  serv- 
ice department  of  the  United  Brass  Mfg.  Co.,  Cleveland, 
0.,  and  is  printed  in  a  recently  issued  catalog  of  the  water 
works  brass  goods  manufactured  by  the  company. 
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As  the  actual  inside  diameter  of  wrought  iron  pipe  in 
most  of  the  sizes  smaller  than  2  in.  is  considerably  more 
than  the  nominal  size  of  the  pipe,  the  actual  inside 
diameters  have  been  taken  for  the  calculation,  approxi- 
mating to  the  I'lO  in.  The  delivery  capacities  given 
should  therefore  be  quite  accurate.     The  table  follows: 

Proixn-tidnate 
.Nominal  size.  delivery  capacity. 

'/4-ln 

■i-in 10 

%-ln 18 

H-ln 28 

%-ln 57 

1  -In 100 

H4-ln ■ 232 

lV4-In 324 

2  -In 5G« 

2%-in 988 

3  -In 1.558 

3V4-ln 2,292 

4  -In 3,200 

4^4-ln 4.290 

5  -in 5,591 

G     -In 8,818 

7  -in 12.964 

8  -In 18,102 

n     -in 24,300 

10     -in 31,623 

'?;-ln.   L.    P 31 

Directions  for  Using  Table. — To  find  the  size  of  pipe 
required  to  supply  a  number  of  smaller  pipes,  it  is  only 
necessary  to  add  the  proportionate  capacities  of  all  the 
pipes  to  be  supplied.  The  pipe  required  will  be  the  size 
having  the  same,  or  a  greater  capacity.     For  example: 

To  find  the  size  pipe  required  to  supply  five  %-in.,  four 
Va-in.,  two  %-in.,  four  1-in.  and  one  I'i-in.  pipes,  add: 

5  X  18  =  90 

4  X  28  =  112 

2  X  57  =  114 

4  X  100  =  400 

1  X  232  =  232 

94S 

The  size  required  is  2' 2-in.,  which  equals  988.  Had  the 
squares  of  the  diameter  of  the  various  pipes  been  taken, 
a  pipe  larger  than  actually  required  would  have  been 
indicated. 


NEW  STANDARD  VERTICAL  STAFF  GAGE  OF 

NEW  YORK  STATE  ENGINEERS' 

DEPARTMENT. 

The  accompanying  illustration  shows  the  new  standard 
vertical  gage  staff  of  the  New  York  State  Engineers'  De- 
partment. This  staff  will  replace  those  now  in  use.  It 
shows  directly  actual  elevations  above  Barge  Canal  datum 


New   York   standard    Vertical   Staff   Gage. 

(sea  level).  The  gage  plate  sections  are  4  ft.  long,  and 
the  gage  and  numerical  plates  are  fastened  to  timber  with 
No.  9,  1-in.  round  head  brass  screws.  The  gage  was  de- 
signed by  G.  E.  Gibson,  assistant  engineer. 
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AN  EMERGENCY  GANG  IN  A  WATER  SERVICE.* 

By  Georye  11.  I'iiineran.t 

The  tools  essential  to  the  efficient  operation  of  an 
emergency  force  are  as  follows: 

Heavy  wrenches  for  the  operation  of  large  gates. 
These  usually  are  made  with  detachable  handles.  T- 
handles  are  used  in  some  cases  and  crosses  or  four-arm 
handles  are  used  in  others.  The  latter  kind  allows  of  a 
more  continuous  movement;  it  allows  each  man  to  apply 
his  force  more  directly  and  with  less  wasted  energy  than 
with  the  T-handle,  where  hand  room  is  limited  and  the 
men  are  more  crowded  in  their  movements.  More  lever- 
age can  be  obtained  with  either  handle  by  the  use  of 
extensions  in  the  form  of  short  pieces  of  iron  pipe,  or 
hand  spikes  set  into  sockets  on  the  handle  of  the  wrench. 
Norway  iron  is  the  best  material  for  wrenches,  because  of 
its  toughness.  Steel  is  more  brittle  and  liable  to  break 
in  cold  weather.  The  wrench  should  be  as  short  as  prac- 
ticable. The  gate  nut  should  be  brought  to  a  uniform 
distance  below  the  street  surface  by  means  of  an  exten- 
sion permanently  attached  and  in  place  under  ground.  A 
recently  made  device  in  the  shape  of  a  long  hollow  steel 
wrench  with  an  adjustable  handle  appears  to  do  away 
with  the  necessity  of  these  extensions.  The  wrench  is 
made  of  square  steel  tubing  and  is  long  enough  to  reach 
a  deeply  buried  gate.  The  handle  moves  up  and  down 
along  the  wrench  column.  It  can  be  placed  at  a  con- 
venient height  and  kept  in  place  by  a  pin  passing  through 
holes  bored  at  intervals  through  the  wrench  rod.  It  is 
light  and  efficient. 

Other  wrenches  lighter  in  make  should  be  carried  for 
operating  the  smaller  size  gates.  It  is  well  to  have  a 
wrench  with  an  open  socket  equipped  with  sliding  wedges. 
These  are  of  much  value  where  the  stem  nut  is  smaller 
than  usual  or  where  the  corners  of  the  nu£  have  been 
worn  smooth.  Wrenches  for  corporation  and  curb  cocks, 
hydrants,  air  valves,  etc.,  also  should  be  carried. 

Monkey  and  stijlson  wrenches  are  required  at  times; 
also  calking  tools,  driving  and  sledge  hammers,  crowbar, 
picks  and  shovels,  a  stiff  broom,  a  hand  pump,  a  long- 
handled  spoon  to  remove  dirt  from  gate  boxes,  white  and 
red  lanterns  and  a  strong  light  with  reflector  to  locate 
gates  and  gate  marks  at  night.  A  good  light  is  made  of 
a  small  acetylene  gas  tank,  such  as  was  used  to  furnish 
gas  for  the  headlights  of  automobiles  before  electric  light- 
ing became  so  common.  A  burner  and  reflector  may  be 
attached  to  the  tank  and  the  whole  outfit  suspended  by 
bands  and  a  handle,  so  that  it  may  be  carried  by  hand  and 
the  rays  of  light  sent  in  any  direction.  The  headlights 
of  the  auto  may  also  be  utilized  to  a  certain  extent. 

A  gasoline  or  kerosene  torch,  such  as  is  used  by  rail- 
road men  to  thaw  out  frogs  and  switches,  is  useful  in 
winter  to  thaw  out  frozen  gate  covers  and  melt  the  ice 
that  sometimes  forms  in  small  gate  boxes  which  fill  with 
mud  and  water. 

Connection  pieces  to  replace  temporarily  frozen,  leaky 
and  stopped  meters  are  useful.  A  force  pump  to  clear 
out  stoppages,  and  other  fittings  that  may  be  applied  as 
first  aid  in  time  of  trouble,  should  also  be  included. 

Hip  rubber  boots  should  be  furnished  the  men  and  they 
should  have  suitable  storm  clothing  as  protection  against 
the  weather. 

A  useful  adjunct  to  the  equipment  is  a  powerful  lift- 
ing jack.  Frequently  a  heavily  loaded  team  sinks  into  a 
soft  spot  in  the  street,  caused  by  a  leak,  and  it  is  good 
policy  to  assist  in  extricating  it,  thus  minimizing  the  loss 
of  time  which  will  be  included  in  the  claim  for  damages 
that  is  certain  to  follow. 

Plans  should  be  carried  on  the  car  showing  the  pipe 
system  in  a  condensed  form,  at  a  scale  of  200  or  400  ft. 
to  the  inch.  These  should  be  in  the  form  of  blue  prints 
and  kept  up  to  date.  They  are  of  great  help  to  the  men, 
especially  when  they  answer  calls  in  new  territory  or  in 


♦Abstract  Oi  a  paper  presented  Sept.  15  at  the  Convention  of  New 
England  Waterworks  Association.  The  paper  in  full  will  appear  in 
the  .Journal  of  the  Association. 

tGeneral  Foreman  W'ater  Service.  Public  Works  Department,  Bos- 
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some    suburban    district    where    they    are    not    well    ac- 
quainted with  the  pipe  lines. 

A  gate  finder  is  also  useful  at  times,  especially  so  in 
cases  where  tarvia  and  other  bituminous  preparations  are 
.■spread  upon  the  streets  and  become  soft  and  plastic  and 
■'crawl"  under  the  rolling  motion  of  traffic,  covering  the 
gate  boxes  by  a  thin  layer.  The  gate  finder  is  a  mag- 
netized needle  which  is  deflected  towards  the  ground  when 
it  passes  over  the  spot  where  the  iron  cover  lies  buried. 

In  Boston  we  have  a  more  positive  way  of  locating  our 
gates.  I  A  distance  mark  is  stenciled  on  a  fence,  pole  or 
building  directly  opposite  the  gate  if  possible,  telling  the 
number  of  feet  from  the  mark  out  to  the  gate.  If  it  is 
not  possible  to  place  the  mark  opposite  the  gate,  it  tells 
the  distance  between  the  mark  and  a  point  opposite  the 
gate.  A  stenciled  arrow  shows  the  direction,  right  or 
left,  of  the  marks,  that  one  must  measure  to  get  the  oppo- 
site point.  In  other  words,  the  mark  gives  the  base  and 
perpendicular  of  a  right  angle  triangle,  the  apex  of  the 
triangle  being  the  gate.  Sometimes  .these  marks  are  black 
on  a  white  ground;  other  times  the  reverse,  according  to 
the  color  of  the  background.  The  object  is  to  make  them 
as  conspicuous  as  possible,  especially  at  night.  When 
the  ground  is  covered  with  snow  these  marks  are  invalu- 
able. In  squares  and  intersections  where  there  are  many 
gates  within  a  small  radius,  a  sign  is  erected  on  a  post 
with  the  distances  for  all  the  gates  tied  from  the  one 
point,  viz.,  the  post.  This  makes  unnecessary  a  number 
of  marks  on  the  corners  and  sides  of  the  squares  or  inter- 
sections and  concentrates  the  information  at  one  point. 
The  sign  is  not  unsightly.  It  has  gold  letters  on  a  dark 
blue  ground  and  is  similar  in  outline  and  general 
appearance  to  the  street  name  signs.  A  measuring  tape 
is  a  necessity  in  connection  with  the  gate  distance  marks. 

The  automobile  should  be  in  the  form  of  a  truck  with 
a  specially  designed  body  suitable  for  the  carriage  of 
men.  The  best  arrangement  is  to  have  the  seats  run 
lengthwise  with  the  body  and  use  the  space  under  the 
seats  for  the  storage  of  wrenches,  tools,  etc.  The  body 
should  be  accessible  from  the  rear  by  means  of  a  hang- 
ing step.  It  should  be  a  powerful  car  of  not  less  than 
40  h.p.,  preferably  more  if  there  are  hilly  sections  to 
cover,  and  if  the  city  is  located  where  the  snow  falls  fre- 
quently and  to  some  depth.  It  should  have  tires  of  ample 
size  to  carry  the  maximum  load.  It  should  be  equipped 
with  demountable  rims  and  carry  an  inflated  spare  tire. 
The  tires  should  be  of  the  best  quality  and  be  kept  inflated 
to  the  limit  at  all  times.  It  will  be  found  that  this  will 
give  better  service  and  will  prove  more  economical  in  the 
end.  In  fact,  it  will  pay  in  every  way  to  get  a  good  car, 
even  if  the  first  cost  is  high,  rather  than  to  buy  a  cheap 
outfit  that  will  fail  you  at  the  critical  moment  and  will 
be  in  the  repair  shop  a  considerable  portion  of  its  life. 
It  is  well  to  have  the  car  equipped  with  a  warning  signal 
similar  to  the  fire  department,  viz.,  a  bell  with  swinging 
tongue,  otherwise  traffic  will  pay  no  attention  to  your 
eff'orts  to  get  a  right  of  way. 

In  Boston  we  have  an  emergency  car,  with  body  of 
special  design,  seats  running  lengthwise.  Exclusive  of 
the  chauffeur  it  can  easily  carry  14  men.  It  has  a  top 
with  side  curtains  and  is  fairly  comfortable  in  the  most 
inclement  weather.  The  chassis  is  a  White,  40  h.p.,  built 
in  1911.  and  is  still  doing  good  work,  with  no  prospect  of 
our  replacing  it  with  a  later  model.  The  first  17,000 
miles  of  the  car  cost  us  practically  nothing  except  for 
oil,  gasoline  and  tires.-  Since  then,  considering  the  na- 
ture of  the  service  and  the  severe  conditions  under  which 
the  car  is  run,  it  has  given  very  good  results.  Twice  in 
five  years  it  has  been  overhauled,  and  with  the  exception 
of  a  spring  leaf  breaking,  or  a  wheel  bearing  becoming 
loose,  or  a  brake  band  wearing,  no  trouble  has  been  ex- 
perienced since  the  last  overhauling.  It  has  traveled 
about  37,000  miles  up  to  date.  We  have  among  our  other 
cars  one  of  similar  make  to  our  emergency  car,  with 
body  suitable  for  emergency  work  and  general  depart- 
ment work  combined.  This  car  serves  at  times  to  take 
the  place  of  the  emergency  car  should  anything  happen 
to  put  that  car  out  of  service.     It  is  a  safe  precaution  to 
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have  another  car  in  service  to  serve  as  a  substitute  for 
the  emergency  car,  as  no  matter  how  good  the  car  may 
be,  or  how  carefully  it  is  run,  there  is  always  the  pos- 
sibility of  its  meeting  with  an  accident. 

The  duty  of  the  car  as  we  use  it  in  Boston  is  very 
severe.  It  is  operated  24  hours  a  day  by  four  different 
chauffeurs.  It  cannot  choose  its  route,  liut  must  travel 
in  the  most  direct  way  to  the  place  it  is  summoned.  The 
pavements  may  be  rough  or  smooth,  the  stopping  and 
starting  frequent.  Such  conditions  are  a  great  strain  on 
an  automobile. 

The  car  averages  about  200  trips  a  month.  Each  trip 
averages  S'^  miles.  As  the  department  operates  16  addi- 
tional automobiles,  eight  of  which  are  trucks,  much  busi- 
ness that  would  ordinarily  be  done  by  the  emergency  car 
is  done  by  these  trucks.  Our  policy  is  to  keep  the  emer- 
gency car  and  its  crew  in  quarters  as  much  as  possible, 
so  that  when  a  real  occasion  for  its  use  arises  it  is  on 
the  spot  ready  for  business  and  not  two  or  three  miles 
away  engaged  in  some  unimportant  work  that  could  easily 
wait  until  it  can  be  cared  for  through  the  regular  chan- 
nels of  business.     As  it  is.  it  answers  many  false  alarms. 

The  emergency  gang  as  operated  in  Boston  is  divided 
into  three  8-hour  shifts,  each  in  charge  of  a  leader.  The 
day  shift  consists  of  four  men,  including  the  leader. 
Each  of  the  night  shifts  consists  of  six  men,  including  the 
leader.  There  is  besides  a  man  on  duty  in  the  office  dur- 
ing each  of  the  night  shifts  and  on  Sundays  and  holidays. 
He  attends  the  telephone  and  takes  all  messages  and  noti- 
fications and  directs  the  emergency  gang  to  the  point  of 
trouble. 

Owing  to  the  8-hour  law  we  cannot  work  the  men  more 
than  six  days  a  week.  It  is,  therefore,  necessary  for  each 
man  to  suspend  his  work  one  day  in  seven.  This  is  so 
arranged  that  there  will  be  but  one  man  off  on  each  shift 
each  day.  This  practice  of  laying  the  men  off  one  day 
in  seven  reduces  the  number  of  men  available  by  one  the 
greater  part  of  the  week.  To  offset  this  we  were  obliged 
to  add  one  more  man  to  each  shift  to  serve  as  a  substi- 
tute during  the  absence  of  a  regular  man  on  his  night  off 
or  during  his  vacation.  Some  risk  is  attached  to  laying 
off  the  leader,  as  he  is  the  most  capable  man  and  the  most 
serious  break  is  likely  to  occur  the  night  he  is  off. 

Most  of  the  calls  could  be  attended  to  by  one  or  two 
men,  but  as  we  do  not  know  when  the  big  job  will  come 
it  is  necessary  to  have  a  sufficient  number  of  men  on  hand 
at  all  times  to  meet  it.  During  the  day  it  is  always  pos- 
sible to  get  assistance  in  handling  large  gates,  but  at 
night  it  is  practically  impossible.  Therefore,  in  the  event 
of  a  break  in  the  lines  of  large  diameter  with  water  flow- 
ing at  a  great  velocity  through  the  valves  it  is  necessary 
to  have  at  least  five  men  to  close  the  36-in.  gates  that  con- 
trol the  same.  Arrangements  are  made  so  that  in  the 
event  of  a  very  difficult  shut-down,  where  several  large 
gates  have  to  be  operated  against  a  strong  head,  other 
men  on  duty  in  the  stable  and  (fire  room  may  be  called 
out  to  assist. 

A  device  invented  by  the  writer  has  proved  itself 
capable  of  great  service  in  the  operation  of  large  gates. 
It  is  incorporated  in  the  mechanism  of  the  automobile 
emergency  car  and  consists  of  a  universal  wrench  socket 
actuated  by  a  worm  gear,  placed  within  a  housing  on  the 
side  footboard  of  the  car  in  such  a  position  that  it  can 
easily  be  brought  over  the  gate  manhole  in  the  street. 
When  the  car  is  in  position  over  the  manhole  a  wrench 
is  slipped  through  the  socket  and  fits  on  the  stem  nut  of 
the  gate  below.  The  univer.sal  wrench  socket,  together 
with  a  universal  joint  on  the  end  of  the  wrench,  affords 
flexibility  in  case  the  car  is  not  on  level  ground  or  the 
wrench  socket  not  directly  over  the  gate  stem  nut.  It  is 
an  easy  matter,  however,  for  the  chauffeur  to  bring  his 
car  into  the  right  position.  The  worm  gear  that  actuates 
the  wrench  socket  is  driven  by  a  horizontal  shaft  leading 
from  a  gear  case  back  of  the  regular  transmission  of  the 
auto.  This  gear  case  encloses  a  sliding  gear  clutch  in- 
corporated in,  and  acting  directly  upon,  the  driving  shaft 
of  the  car.  The  clutch  gear  has  teeth  on  both  ends  that 
engage  with  internal  gears  according  to  its  position.     It 
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is  oiierated  by  a  lever  placed  upon  the  side  of  the  car 
and  easily  accessible  to  the  operator.  It  has  three  posi- 
tion.s — one  where  its  rear  end  engages  with  an  internal 
gear  that  turns  the  driving  shaft  of  the  car;  one  where 
its  front  end  engages  with  an  internal  gear  that  exter- 
nally meshes  with  the  pinion  of  the  horizontal  shaft  that 
drives  the  worm  gear,  which  in  turn  actuates  the  wrench 
socket;  and  a  neutral  position,  where  everything  is  idle. 
In  closing  gates  the  forward  speeds  of  the  auto  are  used, 
in  opening,  the  reverse  is  used.  All  gears  are  made  of 
chrome  or  nickel  steel.  All  bearings  are  ball  bearings, 
and  all  parts  except  the  horizontal  shaft  are  housed  in 
aluminum.  The  housing  is  firmly  bolted  to  the  frame  of 
the  chassis  and  well  braced  to  resist  torque.  The  wrench 
used  is  a  hollow  square  steel  tube,  terminating  in  a 
specially  hardened  steel  socket  with  universal  joint  be- 
tween socket  and  tube.  As  fast  as  possible  gates  are 
being  e(|uipped  with  indicators,  showing  position  of  valve 
and  informing  the  operator  when  the  valve  is  seated  or 
entirely  opened.  Where  indicators  are  not  attached  as 
yet  to  gates,  a  counter  is  used.  It  is  placed  on  the  upper 
end  of  the  wrench  and  records  the  number  of  revolutions 
made  by  the  wrench.  As  a  means  of  safety  in  the  event 
of  the  valve  seating  with  force,  or  unexpectedly,  a  pin  of 
known  strength,  placed  in  the  universal  joint  of  the 
wrench,  shears  off  and  breaks  the  line  of  power  between 
the  engine  and  the  gate  and  prevents  damage  to  either 
the  gate  or  the  gate  operating  device.  The  machine  takes 
up  little  space  and  does  not  interfere  in  the  least  with 
the  ordinary  use  of  the  auto. 

We  have  used  the  device  to  some  extent  in  ordinary 
maintenance  work,  i.  e.,  the  closing  and  opening  of  gates 
incidental  to  repairs  and  changes  in  the  pipe  system. 
We  have  also  used  it  to  a  limited  extent  as  an  adjunct 
of  gate  inspection,  running  the  valve  down  and  up  to 
observe  its  operation  and  to  facilitate  its  movement.  For- 
tunately, however,  our  opportunity  to  use  it  as  a  real 
emergency  device  has  been  limited  to  one  occasion,  a  few 
months  ago,  when  our  42-in.  High  Service  main  broke  in 
Copley  Square. 


AN  ENGLISH  ADMISSION  OF  THE  SUPERIORITY 
OF  AMERICAN  WATERPIPE. 

It  is  not  often  that  one  reads  in  an  English  trade  jour- 
nal so  frank  an  admission  of  the  superiority  of  anything 
made  in  America,  but  in  "The  Ironmonger,"  June  24,  1916, 
Mr.  Percy  G.  Donald  not  only  concedes  the  superiority  of 
American  "tube,"  but  scathingly  arraigns  British  manu- 
facturers. Mr.  Donald  purchased  and  supervised  the  lay- 
ing of  large  quantities  of  waterpipe  for  war  purposes  in 
Egypt  during  1915  and  had  unequaled  opportunity  to 
compare  British  and  American  pipe.  It  should  be  a  con- 
siderable source  of  satisfaction  to  American  engineers 
and  waterworks  men  to  read  the  following  abstracts  from 
Mr.  Donald's  article: 

Probably  the  construction  of  this  pipe-line  in  Egypt  is 
the  only  occasion  on  which  opportunity  has  occurred  of 
testing  under  equal  conditions,  side  by  side,  British, 
American  and  Canadian  pipe.  The  inaccessibility  of  the 
sites  in  which  the  pipe  was  laid  necessitated  man-han- 
dling for  the  bulk  of  the  pipe,  and  this,  with  other  con- 
ditions, normal  and  abnormal,  gave  opportunity  of  noting 
results  such  as  no  other  job  could  have  given.  My  re- 
marks and  general  experience  apply  more  to  pipe  in  sizes 
running  from  3  in.  to  6  in.  than  to  the  smaller  sizes. 

When  water  was  pumped  through,  a  very  large  propor- 
tion of  the  British  joints  leaked,  but  one  could  travel  for 
miles  along  the  American  pipe  without  finding  one  leak- 
ing joint,  and  this  notwithstanding  the  free  use  of  red 
lead  with  the  British  thread,  while  in  many  cases  no  red 
lead  was  used  at  all  with  the  American  thread. 

The  American  socket  has  the  inside  slightly  beveled 
before  the  thread  starts,  with  the  result  that  when  the 
pipe  is  knocked  about  the  thread  is  not  damaged.  In  the 
American  pipe  the  socket  is  invariably  recessed,  which 
effectually  prevents  any  damage,  but  the  beveling  above 
referred  to  is  cheaper  and  quite  effective. 
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The  British  pipes  were  sent  out  with  the  thread  quite 
dry,  both  at  the  socket  and  the  spifrot-end,  with  the  result 
that  where  they  were  not  already  rusted  upon  arrival, 
rust  set  in  within  a  few  days.  The  American  pipes  were 
filled  in  with  a  heavy  fat  mixed  with  black  lead,  which 
even  a  hot  sun  did  not  melt.  The  foregoing  remarks  ex- 
plain partly  why  one  gang  of  men  working  on  British  pipe 
could  only  fit  756  ft.  of  6-in.  pipe  in  one  day  (and  that 
figure  was  a  record),  while  the  same  gang  working  on 
American  pipe  fitted  well  over  double  the  length  in  the 
same  time.  The  rest  of  the  explanation  is  in  the  shorter 
length  of  the  British  pipes  and  the  type  of  thread  adopted 
by  British  makers. 

For  2\2-in.  to  6-in.  pipe  the  British  standard  is  eleven 
threads  to  the  inch,  and  the  American  eight  threads  to  the 
inch. 

With  the  British  thread  cross-threading  is  the  hardest 
thing  in  the  world  to  avoid  when  fitting  pipes  of  from 
3  in.  to  7  in.,  and  by  no  means  easy  to  avoid  when  thread- 
ing them. 

The  British  thread,  whilst  possibly  suitable  for  1-in.  to 
2-in.  pipes,  is,  in  fact,  much  too  fine  for  large  pipes.  In 
endeavoring  to  fit  together  pipes  with  British  thread  on 
the  Egyptian  job,  it  was  found  that  unless  the  pipes  were 
started  off  dead  straight  the  only  result  was  to  cross- 
thread,  and  thereby  ruin  either  the  thread  of  the  pipe  that 
was  being  fitted  or  the  socket  of  the  pipe  that  had  already 
been  fitted — or  both. 

In  laying  a  pipe-line  the  static  head  and  the  friction 
head  both  have  to  be  considered.  The  friction  head  is 
increased  by  obstructions  or  bends  in  the  pipe,  and  when 
a  burr  such  as  is  left  on  the  British  pipes  occurs  every 
18  ft.,  the  matter  is  serious,  especially  when  the  pumps 
provided  are  only  just  equal  to  their  work.  That  such  a 
defect  may  jeopardize  a  whole  scheme  is  shown  by  the 
fact  that  a  large  section  of  a  job  in  London  had  actually 
to  be  taken  out  entirely  through  this  cause. 

This  is  a  strong  indictment,  but  when  one  undertakes 
work  such  as  this  Egyptian  pipe-line,  possibly  the  largest 
of  its  kind,  and  hears  British  sappers  and  engineers,  after 
experience  with  British  and  American  pipe,  cry  with  one 
voice,  "Give  us  Yankee  pipe" — one  feels  strongly  on  the 
point. 

In  the  United  States  standardization  is  on  a  very  differ- 
ent basis,  and  owing  to  this  fact  the  States  can  produce 
tubes  of  a  higher  quality  and  greater  weight  at  prices 
considerably  below  those  of  the  British  manufacturer, 
although  the  latter  gets  his  labor  at  about  half  the  cost 
the  American  maker  pays. 

The  American  test  is  much  higher  than  ours.  Every 
American  pipemaker's  list  states  .straightforwardly  what 
each  pipe  is  tested  to.  I  have  failed  to  find  this  most 
essential  information  in  any  British  list.  The  difference 
in  practice  between  the  two  countries  is  that  the  Ameri- 
cans have  one  pipe  for  gas,  water,  and  steam  and  the 
British  three.  The  American  tests  were  carried  out  by 
the  National  Tube  Co. 

The  American  practice  calls  for  a  greater  length  of 
thread  in  the  socket  than  does  the  British.  This  is  a  very 
necessary  precaution.  The  fact  that  the  U.  S.  pipe  is 
tested  to  a  higher  pressure  than  our  steam  pipe  is  worthy 
of  note.  The  main  point,  however,  is  that  while  our 
works  are  tinkering  about  with  three  different  weights 
to  manufacture,  three  different  stocks  to  carry,  and  a 
co.stly  system  of  painting  to  differentiate  the  pipes,  the 
Americans  have  reduced  their  costs  of  manufacture  by 
producing  one  pipe  only,  and  a  pipe  that  is  apparently 
better  than  our  steam  and  cheaper  than  our  gas-pipe. 

American  pipes  are  made  in  lengths  of  about  20  ft.; 
ours  in  lengths  of  16  ft.  to  18  ft.  As  the  cost  of  making 
a  20-ft.  pipe  is  about  the  same  as  that  of  making  one  of 
16  ft.,  they  get  a  big  pull  over  us  here. 

Apart  from  this  specialization  the  American  manufac- 
turer will  have  nothing  to  do  with  fittings.  He  holds  that 
the  making  of  fittings  is  a  separate  industry  altogether, 
and  that  his  time  is  fully  and  most  remuneratively  em- 
ployed in  turning  out  tubes  at  the  lowest  cost  by  scientific 
manufacturing    processes.     Again,    the    American    manu- 
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facturer  does  not  want  orders  for  less  than  a  carload 
(16  to  18  tons).  Smaller  orders  are  either  accepted  at 
very  much  higher  rates  or  more  often  are  referred  to 
the  nearest  merchant.  This  practice  secures  low  railroad 
rates  and  saves  the  cost  of  travelers  and  clerical  staff. 

Such  a  thing  as  a  tube  manufacturer  opening  stocking 
branches  to  increase  his  "on  costs"  or  running  a  number 
of  small  works  is  unknown  in  the  United  States.  Indeed, 
the  first  thing  that  is  done  when  a  number  of  small  works 
are  amalgamated  is  to  scrap  the  lot  and  build  one  large 
new  works  to  manufacture  on  the  most  modern  labor- 
saving  lines. 

Apart  from  the  labor  costs  in  America  being  nearly 
double  ours,  the  distance  from  the  American  works  to  the 
shipping  port  is  three  to  five  times  that  of  British  works. 
The  comparisons  given  below  are  based  on  the  huge  pur- 
chase for  the  British  Government  which  I  had  to  handle 
in  December,  1915,  and  which  for  the  sake  of  comparison 
I  will  place  as  amounting  to  £126,000,  based  on  American 
discounts.  All  prices  are  f.o.b.  The  British  makers'  fig- 
ures do  not  take  into  account  the  charge  for  thread  pro- 
tectors, which  are  supplied  free  with  all  U.  S.  A.  pipes. 

DECEMBER   1!'15    PURCHASE. 

British 

U.  S.  A.  combine. 

Gas     1  £180,000 

Water     Y  £  120,000  197,000 

.Steam    J  217,248 

MAY  1915  PURCHASE. 

Ga.-?   1  £161,600 

\\-ater    ^  £   84.144  ISO.OOU 

Steam    J  197,424 

To  what  extent  this  state  of  things  may  be  attributable 
to  our  manufacturing  methods,  the  peculiar  methods  of 
British  combines  or  lack  of  standardization,  are  points 
well  worth  the  attention  of  the  Board  of  Trade  Committee 
that  has  been  appointed  to  consider  the  future  of  the  Brit- 
ish iron,  steel  and  engineering  industries. 

What  better  time  than  the  present  to  create  a  proper 
standard,  to  scrap  our  absurd  differentiations  between 
gas,  water  and  steam  pipes,  to  scrap  such  unnecessary 
sizes  as  %  in.  IV4  in.,  1%  in.,  and  2Vi  in.,  to  adjust  our 
threads  for  the  larger  sizes,  to  leave  to  the  fittings  manu- 
facturer the  job  of  turning  out  fittings  at  competitive 
prices,  and  to  make  our  profits  on  low  costs? 

Up  to  the  present  the  Americans  have  not  got  into 
other  markets  owing  to  the  differences  in  their  threads. 
But  what  is  today's  position?  The  export  of  tubes  to 
foreign  countries  is  prohibited.  This  means  that  the 
greater  part  of  the  world  is  bound  to  go  to  America  for 
them,  and  where  once  the  U.  S.  thread  and  pipe  is  adopted 
our  opportunity  of  regaining  the  market  is  remote,  unless 
our  price  and  our  goods  are  right. 


WATER  SERVICE  PIPES.* 


The  committee  began  its  investigations  by  sending  to 
every  water  department  in  New  England  a  request  for 
information  in  regard  to  the  materials  and  methods  used 
in  service-pipe  construction,  the  troubles  experienced, 
and  other  matters  which  appeared  to  the  committee  to 
be  of  interest  in  this  connection.  Replies  were  received 
from  over  300  water  departments,  many  of  them  giving 
complete  and  valuable  information.  In  considering  the 
information  contained  in  the  replies  received,  it  should 
be  borne  in  mind  that  the  returns  from  New  England  in- 
cluded a  large  number  of  small  places.  The  returns  from 
outside  of  New  England  are  chiefly  confined  to  larger 
places. 

Materials  Used  for  Service  Pipes. — The  returns  in  re- 
gard to  the  material  now  used  for  new  services  may  be 
summarized  as  follows: 

Wrought  iron  or  steel,  13;  galvanized  iron,  145;  lead, 
48;  lead  lined,  13;  cement  lined,  37;  galvanized  and  lead, 
14;  galvanized  and  cement  lined,  4;  galvanized,  lead  and 
cement  lined,  2;  galvanized  and  lead  lined,  10;  Iron  and 
cement  lined,  2;  cement  lined  and  lead  lined,  1;  cement 
lined  and  lead,  2;  lead  and  lead  lined,  4;  lead  and 
wrought  iron,  3;  miscellaneous,  6;  total,  304. 

'From  the  Preliminary  Report  of  Committee  on  Service  Pipes  sub- 
mitted at  the  Portlaiul,  He.,  Convention  of  the  New  England  Water 
Works  -Association. 
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The  use  of  plain  wrought  iron  or  steel  is  becoming 
rare,  while  nearly  one-half  of  the  places  sending  in  re- 
ports now  use  galvanized  wrought  iron  or  steel  exclu- 
sivelj-;  in  56  per  cent  of  the  places  galvanized  iron  is 
used  either  e.xclusively  or  in  part.  In  95  places  lead  or 
lead-lined  pipes  are  used,  and  cement-lined  pipes  in  48 
places. 

Of  the  new  water  works  systems — those  constructed 
within  the  past  10  years — the  following  materials  have 
been  used  for  services:  Galvanized,  24;  plain  wrought 
iron,  1;  lead,  2;  cement  lined,  9. 

Changes  Made  in  Material  Used. — Many  towns  are 
using  certain  material  for  service  pipes  for  the  reason 
that  the  use  of  this  particular  material  was  begun  when 
the  works  were  installed,  and,  although  much  trouble 
has  been  experienced,  no  change  has  been  made.  There 
are,  however,  about  100  places  where  changes  are  re- 
ported to  have  been  made  for  various  reasons.  The  dis- 
favor with  which  plain  iron  and  steel  are  regarded  is 
shown  by  the  fact  that  22  places  have  changed  from 
these  materials  to  some  other,  while  only  one  place  has 
reported  as  having  taken  up  this  material.  Galvanized 
pipe,  on  the  other  hand,  has  lost  only  17  while  gaining 
46.  Lead  and  lead-lined  pipes  have  gained  18  and  16 
places  respectively  and  lost  6  and  8.  Changes  to  cement- 
lined  pipes  have  occurred  in  11  places,  and  changes  from 
cement-lined  pipes  to  some  other  material  have  occurred 
in  27  places. 

A  comparison  of  the  number  of  places  now  using  the 
different  materials  with  the  number  of  places  where  this 
material  has  been  abandoned  shows  that  63  per  cent  of 
those  formerly  using  plain  iron  or  steel  pipes  have 
changed  to  some  other  material.  Eight  per  cent  have 
changed  from  galvanized  iron;  19  per  cent  from  lead  or 
lead  lined;  and  42  per  cent  from  cement  lined. 

The  changes  from  plain  and  galvanized  pipes  are  al- 
most entirely  on  account  of  rust.  The  changes  from  lead 
pipes  are  largely  on  account  of  the  possibility  of  lead 
poisoning,  although  in  some  cases  it  has  been  on  account 
of  expense  or  because  of  the  bursting  of  the  pipes  under 
pressure.  Lead-lined  pipe  has  been  abandoned  on  ac- 
count of  lead  poisoning  and  trouble  from  bursting  and 
because  of  the  difficulty  in  making  joints  which  will  not 
corrode.  Of  20  places  reporting  the  abandonment  of  ce- 
ment-lined pipes,  8  were  on  account  of  trouble  at  the 
joints,  6  for  convenience,  2  on  account  of  expense,  1  on 
account  of  the  difficulty  in  getting  good  work,  1  because 
of  rust,  1  because  the  cement  broke  off,  1  because  of  out- 
side rust. 

A  large  proportion  of  the  places  where  the  works  have 
been  in  operation  for  a  sufficient  time  report  trouble  with 
service  pipes  no  matter  what  the  material  used,  except 
in  the  case  of  cement-lined  pipes.  With  cement-lined 
pipes,  54  per  cent  of  the  places  reporting  report  little 
or  no  trouble.  With  galvanized  pipe,  36  per  cent  of  the 
places  report  little  or  no  trouble,  and  with  lead  pipe  10 
per  cent  so  report.  The  trouble  with  iron  and  steel  pipes, 
both  plain  and  galvanized,  appears  to  be  through  the  en- 
tire length  of  the  pipe.  The  trouble  with  lead  pipes  ap- 
pears largely  at  the  corporation  cock.  The  trouble  with 
cement-lined  pipes  is  very  largely  corrosion  of  the  out- 
side of  the  pipe  just  inside  the  cellar  walls,  with  some 
trouble  at  the  lead  gooseneck. 

Life  of  Service  Pipes. — The  data  in  regard  to  length 
of  life  of  a  service  pipe  and  the  period  that  elapses  be- 
fore it  begins  to  give  trouble  are  very  unsatisfactory. 
The  averages  of  the  figures  given  in  the  returns  are  as 
follows: 

Years  before  Life  of  pipe 
trouble  begins,     (years). 

Plain  iron  or  steel 12  16 

Galvanized    I.t  .20 

Lead    in  S.i 

Lead  lined  in  2X 

Cement  lined    H  2S 

Size  of  Service. — The  standard  size  for  services  is  ordi- 
narily 3^  jj,^  ]-,y^^  j,^  several  cases  this  size  has  been  in- 
creased to  1  in.  or  even  to  1^4  in.  for  the  purpose,  chiefly, 
of  lengthening  the  life  of  the  service.  Where  plain  or 
galvanized  steel  or  wrought-iron  pipes  are  used,  the  pipes 
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soon  fill  up  with  rust,  but  the  service  which  they  render 
is  fairly  satisfactory  until  the  pipes  become  nearly 
choked,  when  they  must  be  cleaned.  A  1-in.  pipe  has 
about  twice  the  area  of  ''i-in.  pipe  and  will  probably  last 
at  least  twice  as  long  before  it  will  reciuire  cleaning. 
Where  meters  are  not  used,  there  is  some  objection  to 
the  use  of  large  service  pipes  as  the  waste  of  water  from 
leaks  and  from  carelessness  and  especially  the  use  of 
water  through  garden  hose  is  considerably  larger  with 
the  larger  service.  Where  meters  are  used,  this  objec- 
tion does  not  apply,  and  it  seems  to  the  committee  that 
much  trouble  and  expense  might  be  saved,  where  pipes 
are  used  which  are  liable  to  corrode,  if  the  services 
should  be  made  of  larger  size. 

The  extent  to  which  larger  service  pipes  are  used  is 
shown  in  the  following  table,  which  gives  the  standard 
size  reported  by  those  making  returns: 

standard 

size  of  service  Number  of 

(inches).  places. 

%  33 

%  16 

%  198 

1  51 

1%  5 

IVi  2 

Cleaning  Service  Pipes. — During  the  past  few  years 
great  advances  have  been  made  in  the  methods  of  clean- 
ing service  pipes,  and  it  is  now  possible  to  save  large 
sums  which  have  heretofore  been  paid  for  digging  up 
the  services  and  for  renewals.  The  committee  has  not 
discussed  the  merits  of  the  different  types  of  cleaners, 
but  all  of  them  seem  to  have  some  merit.  The  most  satis- 
factory in  many  cases,  and  especially  with  lead  pipes  or 
when  goosenecks  are  used,  is  the  force  pump  and  wad 
of  paper  which  permits  the  cleaning  of  the  gooseneck 
and  corporation  cock  as  well  as  the  straight  pipe. 

Method  of  Paying  for  Services. — Custom  varies  as  to 
the  method  of  charging  for  services,  but  in  New  England 
the  general  custom  is  for  the  department  to  pay  for  the 
service  from  the  main  to  the  curb  cock  or  to  the  property 
line,  the  remainder  being  paid  for  by  the  owner.  Out- 
side of  New  England  the  custom  appears  to  be  quite  dif- 
ferent, and  in  the  majority  of  places  making  returns  the 
customer  is  obliged  to  pay  practically  all  of  the  cost  of 
the  service  from  the  main  to  the  house. 

The  following  table  gives  the  proportion  of  the  cost  of 
the  services  paid  for  by  the  water  departments  in  New 
England  and  in  the  states  outside  of  New  England: 

r Number  of  places . 

New  England.  Other  states.  Total 

None    41  3S  79 

To  curb  or  property  line 174  10  184 

Corporation     S  4  12 

Corporation  and  curl-  cock :i  ..  3 

Miscellaneous-     15  2  17 

Portion  of  Service  Laid  by  Water  Department. — The  al- 
most universal  opinion  among  superintendents,  especially 
in  New  England,  is  that  the  water  department  should  lay 
and  maintain  all  the  services  from  the  main  to  the  stop, 
and  waste  in  the  cellar  whatever  portion  of  the  expense 
may  be  borne  by  the  department.  The  cities  and  towns 
in  which  this  is  not  now  done  are  comparatively  few,  and 
in  these  places  the  superintendents  in  many  cases  have 
expressed  the  opinion  that  it  would  be  wise  for  the  de- 
partment to  take  charge  of  the  entire  service. 

The  following  table  gives  statistics  in  regard  to  the 
portion  of  the  service  which  is  laid  by  the  department 
and  the  portion  laid  by  the  owners : 

/ Number  of  places— s 

New  England.  Other  states.  Total. 

•^one                          27  17  « 

T)  curb  or  property  line 94  24  lis 

To   cellar    117  B  123 

C-irporation     fi  q 

Xli.^cc!Ianeous     2  1 


Maintenance  Cost  of  Plank  and  Tar  Concrete  Side- 
walks.— An  investigation  by  the  City  Engineer  of  New- 
ton, Mass..  .shows  that  an  average  of  3  per  cent  of  the 
total  area  of  coal  tar  concrete  sidewalks  in  that  city  have 
been  repaired  each  year  during  the  past  7  years  and  that 
the  average  cost  of  maintenance  of  these  sidewalks  is 
about  2  ct.  per  square  yard  per  year.  The  cost  of  main- 
tenance of  the  plank  sidewalks  has  been  about  14  ct.  per 
square  yard  per  .ve^y- 
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NEWS  LETTERS. 

St.  Louis  Items. 

^IfCauKhu>'  Briis.  of  riiicugo  are  doing  some  force  account  work 
1111  Ihe  \'an(ljilia  H.   [I.  in  Indiana. 

The  appeal  of  St.  Louis  .<;tocl;luilderK  of  the  .\lton,  .rerseyvillc  & 
I'eoria  intenirban  Uy.  for  roeeiversliip  \vas  denied  l)y  .ludge  Norman 
I/.  .Jones  of  .Jerseyville  (.'ireiiit  Court.  .J.  .1.  CuininliiKS  of  Chicago  and 
other  stoel<lioiders  opj)otetl  tlie  ;tction  of  tlie  ^<t.   Louis  men. 

li.  II.  Hallard  has  liiiished  his  worli  at  .Mozelle,  .Mo.,  and  moved  his 
outlit  to  another  job  at  Newburg.  lie  has  L'5,000  yards'  of  wagon  and 
grader   \vorl\    to  sul>let  at    that   point. 

Korty  e()ntracts  for  tlie  building  of  sidewalks  in  front  of  property 
whose  owners  refused  to  make  llie  improvements  will  cost  the  city 
for  advertising  and  other  loc.il  formailities  more  than  the  material  and 
lalii»r.  Tile  ctmti-aets  were  let  October  7  and  in  no  case  did  tlie  bid 
exceed  $.">o.  In  one  instance  ll;e  cost  was  iait  $20.25.  Before  per- 
fi.u-miiig  the  work,  for  which  special  tax  bills  will  be  iysued  against 
the  propei'ty  improved  the  cit.v  is  con-plelled  to  publish  notices  of 
hearings  anil  to  advertise  for  bids.  The  char.2e  fur  this  advertisin.ic  in 
each  ease  was  $.S;j.4o.  ^vhici'l  was  in  excess  of  the  contract  price  for 
building  the  walks. 

A.  P.  Thompson  Co.,  1005  .Tefferson  building.  Peoria,  111.,  can  use  a 
ten-team  outfit  on  road  work  near  Jameyburg,  111. 

Michael  Wuesl.  (Jo  >-ears  old.  a  Centerville  .Station  farmer,  under 
whose  direction  the  major  part  of  the  Centerville  Station  rock  road 
was  bui'.t  when  he  was  hi.ghway  commissioner,  died  tictober  6  at  his 
home  after  an  illness  of  a  year.  He  is  survived  by  his  widow.  :Mrs. 
Mar\-  Beatrie  \,uest,  ^jnd  kI.k  children.  Michael  \Vuest  of  East  St. 
Louis*,  ilrs.  Susan  Bunning  of  Omaha,  Neb.,  August.  Arthur  and  John 
\\  uest,  and  .Mrs.  Stephen  A.  Jarvis,  wile  of  the  teller  of  the  Illinois 
St.ile  nank,   Rast  .St.  Louis. 

Ci>lunibns  S.  .lones.  the  boss  stationman,  is  in  the  market  for  some 
station  wo!-k.     5650  Cates  avenue.  St.  Louis,  will  catch  him. 

The  Chicago  Illinois  Midland  R.^'.  Co.  is'  asking  for  bids  on  3^,2 
miles  of  single  track  and  one  mile  of  sidetrack.  Profile  and  specifica- 
tion can  be  seen  at  office  of  H.  M.  Hallock,  general  manager.  Taylor- 
ville.  ill. 

Th<  Canal  Construction  Co.  has  17.000  >-ards  of  slip  and  wheeler 
work  .n  Monroe  Count>',  111..  15  miles  from  St.  Louis:  also  ir»,000  yards 
of  shoi't  haul,  wheeler  and  machine  work  near  McClure,  111.,  to  sub- 
let. 

H.  H.  Fergufion  of  Alton,  vice-president  ('f  the  Illinois'  Terminal 
Kailroad.  denied  the  report  that  the  propert.v  had  been  sold,  and  he 
adiied:  "It  is  not  for  sale."  The  line  now  extends  from  Alton 
through  Edwardsville  to  Formosa,  and  Ferguson  said  the  companj- 
would  'j:o  ahead  and  build  the  proposed  extension  to  O'Fallon.  The  nl- 
timat-?  plan  is  to  build  from  C»'Fallon  to  Belle^■ille  and  thence  to  East 
(.""arondelet.  forming  a  belt  from  .-Mton  through  Fdwardsville,  Formosa. 
(J'Fallon  and  Belleville  around  the  east  side  industrial  dis'trict  ami 
crossing  ever.\  railroad  entering  St.  Louis  and  East  St.  Louis:  from  the 
east,  northeast  and  southeast. 

A.  L.  Cook,  Ottawa,  Kan.,  can  use  several  small  team  outfits  out 
his  way. 

P.  H.  Smith  is  finishing  his  work  at  Tipton.  Kan.,  and  will  have  his 
U-team  outfit  idle  the  latter  part  of  this  month. 

C.  Haven.  Crocker,  j\Io.,  w.is  in  looking  for  work  for  his  8-team 
outfit. 

M.  C.  Connors  of  Chicago  was  awarded  a  nice  piece  of  second  track 
work  on  the  Burlington  11.  U.  He  also  has  a  steam  shovel  busy  a* 
Wolcottville.    Ind.,    for  the   Wabash    Kailroad. 

The  fleman  Construction  Co.  of  St.  Louis  were  awarded  the  con- 
tract for  building  an  interurban  electric  line  near  IMurphysboro,  111. 

.V  severe  hailstorm  that  passed  over  Nagel's  Landing,  111.,  cut  up 
all  of  Chas.  Nagel's  tents,  also  cut  the  loof  of  his  tractor  all  to  pieces. 
Nagel  reports  that  there  was  nothing  but  ribbons  left  of  his  tents  and 
camps  after  the  storm. 

Frank  McCabe.  who  h.as  beer,  resting  up  in  Cairo.  III.,  for  some 
time,  is  going  to  break  into  the  contracting  game  again.  Is'  looking 
for  a  track  laying  job.  A  letter  addressed  to  230  21st  street,  Cairo,  111., 
will  reach  him. 

Cameron,  .loyce  &  Co.,  Keokuk.  la.,  were  aw'arded  an  additional 
mile  of  state  aid  road  work  at  Paxton.  111.  In  addition  to  this  lhe\- 
have  outfits  at  work  on  three  miles  of  load  work  in  Pike  County,  111.; 
eight  miles  in  Montgomery,  111.;  lli,4  miles  in  Knox  Count\".  111.  .\re 
also  doing  a  lot  of  street  work  in  Iveokuk.  la.  Also  building  a  water 
line  for  the  Santa  Fe  R.   R.  in  Arizona. 

Bill  Iiankleff  is  moving  his  outfit  from  Taylor  Springs.  111.,  to  Hills- 
boro.  111.,  onto  a  job  that  he  subbed  trom  M.  C.  Connors'  &  Co.,  of 
Chicago. 

l-Ceating  Bros,  have  finished  their  woik  on  the  Iron  ^Mountain  R.  R. 
at  Bush.  III.     Will  have  16  teams  idle  in  a  few  days. 

.\t  a  conference  between  Director  of  Public  L'tilities  Hooke  and 
representatives  of  steamboat  and  barge  lines  it  was  definitely  decided 
to  build  the  municipal  dock  on  the  site  selected  more  than  a  year  ago 
b\-  a  committee  appointed  by  Mayor  Kiel.  This  is  a  strip  of  land  on 
tb.e  bank  of  the  ri\er  south  of  North  Market  street.  'The  tract  is" 
.1,200  feet  long  <!nd  .>f  a  width  varying  from  1750  to  flOO  feet.  At  the 
suggestion  of  Robert  K.  Lee  and  John  Bernhard  plans  for  the  dock 
will  be  changed  fo  as  to  prtivide  for  six  elevators  for  loading  and  un- 
loading freight  froin  boats  and  barges.  Originalh'  only  four  elevators 
w>.M'e  contemplated.  I'irector  Hcokes  said  that  the  elevators'  will  be 
ISxlS  feet,  so  as  to  lift  a  wagon  or  auto  truck  to  and  from  the  level 
of  boats  lying  at  the  dock.  In  addition  to  the  elevators,  there  will 
be  large  cranes'  for  handling  freight  and  cars  and  wa.gons  to  the  dock 
and  to  and  from  boats.  Provision  will  be  made  for  forty-Tour  openings 
in  the  face  of  the  dock.  X^ouiteen  af  these  will  be  enuipped  with  me- 
chanical con\  eyors  for  moving  light  freight.  Lilie  facilities  will  be 
installed  in  other  openings  ^s  business  requires  tliem.  The  lowest 
bid  submitted  to  tl.c  Hoard  of  Public  Service  for  the  buildirig  of  the 
dock  was  th.at  of  the  Hem-tn  Construction  Co..  which  proposed  to 
carry  out  the  plans  for  f  1SS,250.  The  board's'  estimate  of  the  cost  was 
$200,000  The  warehouses,  which  are  to  be  erected  after  the  dock  is 
compl.^ted,  will  cost  about  $100,000. 

Contractors  v\hen  in  want  of  labor  or  work  for  their  outfits  write 
Koenis's  Labor  Agency.  612  Walnut  street,  St.  Louis,  or  MS  Delaware 
street.  Kansas  City,  Mo.  A.  B.  Koenig. 


PERSONALS. 


Edwin  Doejters  has  been  appointed  city  engineer  of  Bloomington, 
Ind. 

M.  J.  Graham  has  been  appointed  county  engineer  of  Jefferson 
County,  Texas,  with  gftice  at  Beaumont. 

L.auis  W.  Schiedemantel,  of  San  .\ntonio,  Tex.,  has  been  appointed 
construction  engineer  in  the  Indian  Service.  I'ntil  recently  Mr. 
Scheidemantel  was  construction  engineer  in  the  Fhiliiipines  for  the 
government. 

.\.  AV.  AVhite.  heretofore  office  engineer  of  the  Chicago  &  Eastern 
Illinois  R.  R.  at  Chicago.  III.  has  been  appointed  Division  Engineer 
with  headouarters  at  Salem.  111.,  to  succeed  H.  G.  Sparks,  transferred 
to  the  operating  deiiartment. 
Charles  II.  Hurdleslon,  of  Palestine,  Tex.,  manager  of  the  State  Rail- 
mad   of  Texas,   has  been  appointed  a   member   of   the   Texas'  Railroad 


('omir.issioii.  .Mr.  Ilurdlestou  at  one  time  was  superintendent  of  the 
.^!is•souri.   i'^ansab  &  Texas   Ky. 

George  A.  Kyle,  consulting  engineer,  Portland,  Ore.,  has  been  ap- 
Ijointtd  engineer  In  charge  of  location  and  construction  of  the  rail- 
ways to  be  built  in  China  for  the  Chinese  Government  by  the  Slews- 
Carey  Railway  &  Canal  Co.,  ;)f  St.   Paul,  .Minn. 

William  Jj.  I  arling,  whose  resignation  as  chief  engineer  of  the 
.Xfirthern  I'acilic  R.\'.  was  noted  briefly  in  our  last  issue,  has  opened 
an  otiice  in  St.  Paul,  Minn.,  where  he  will  engage  in  a  consiilting  prac- 
tice, specializing  in  railway  enjineering  and  construction. 

Charles  Peter  Weeks,  architect,  and  W.  P.  i>ay,  consulting  engi- 
neer, have  fi.rmed  the  firm  of  Weeks  &  Day.  for  the  practice  of 
architecture  and  engineering,  with  offices  al  0".3  I  helan  Bldg..  760  Mar- 
l-el St..  .San  Fi'ancisco.  Mr.  Weeks  will  conduct  the  architectural  de- 
paitinent,  transferring  his  otflces  from  the  Mutual  Saving  Bank  Bldg. 
l':iigiiieLring  design  and  construction  will  be  under  the  direction  of 
.\li-.  Da.\-.  lately  succeeded  to  the  good  will  of  the  firm  of  Leonard  & 
Day.  consulting  engineers,  nov,'  dissolved,  transferring  his  offices  from 
the  Rialto  Bldg. 

The  following  changes  in  the  engineering  staff  of  the  Penns-ylvania 
R.  R.  have  been  announced;  S.  H.  Niemeyer,  division  engineer  of  the 
I  ittsburgh  Division,  appointed  as'sistant  engineer  of  maintenance  of 
way.  in  charge  of  roadway  and  track,  with  headquarters  at  Philadel- 
Ithia,  t*a.:  J.  B.  Hutchinson,  .Ir.,  division  engineer  of  the  ^lonongahela 
Divisio:!.  appointed  division  engineer  of  tlie  Pittsburgh  Division;  C. 
K.  Brinser,  division  engineer  at  Williamsport,  succeeds  Jlr.  Hutcliin- 
son;  ^V.  W.  McCieilan,  divisi(»a  engineer  of  the  Trenton  division,  suc- 
ceeds' Mr.  Brinser;  and  Elmer  Irving,  supervisor  at  Lancaster,  has 
been  appointed  division  engineer  of  the  Trenton  Division,  succeeding 
Mr.   JlcClellan. 


OBITUARY. 

Robert  H.  Bo>  ntoii.  for  the  past  three  \ears  cit.v  engineer  of  Frank- 
f<irt,   Ind..  died  .Sept.   IS. 

E.  M.  Butz,  a  well-known  architect  and  engineer,  died  Oct.  4  at  his 
home  in  I-"ittsburgh,   Pa.,  aged  57  years. 

Andrew  J.  Crawford,  of  New  York  City,  one  of  the  best-known  con- 
struction engineers  in  the  United  States,  died  Oct.  1,  at  the  home  of 
his  brother-in-law  at  Xenia.  O..  of  a  ihroat  malady.  Mr.  Crawford's 
last  position  was  on  the  construction  of  the  concrete  dam  in  the  foot- 
hills  of  the  P.\'renees'  about  150  miles  from  Barcelona,    Spain. 


NEW  CATALOGS. 

Weldina  and  Cutting   Equipment. — Paper;  9  in.  x  (i  in. ;  ;i2  pp.     Search- 
light Co.,  -lir.  Karpen   Bldg.,  Chicago    III. 

This  booklet  contains  specific  information  on  the  welding  and  cut- 
ting of  metals  b.\'  the  ox>'-a':et>'lene  i>rcces.s',  together  with  a  catalog 
of  the  equipment  necessar.v   lor  such  work. 

Pumps. — Paper;    1»    in.    x   0    in.;    '.V2   pp.     Erie   Pump   &    Equipment   Co., 

l*]rie.  Pa. 

This  catalog'  describes  and  illustrates  the  Class  M  volute  centrifugal 
pumps.  It  is  issued  as  a  ready  reference  for  prospective  buyers',  and 
as  such  contains  all  the  regular  information  required  by  the  purchaser. 
The  catalog  contains  a  considerable  auiount  of  useful  data  on  pump- 
ing  problems. 

Engineering    Instruments. — Paper;    7^4    in.    x   5i™    in.;    :',:;    pp.     Geier   & 

Bluhm.  Troy,  N.  Y. 

This  is  the  revised  edition  of  the  catalog  of  the  above  mentioned 
Him.  It  is  devoted  to  illustrations  and  descriptions  of  leveling  instru- 
ments, including  the  20-in..  IS-in.  and  l.o-in.  T-levels.  Geier  &  Bluhm 
also  ha^■e  gotten  oui  a  12-page  circuUir  describing  the  additions'  and 
improvements  tc  their  regular  line  of  engineering  instruments.  This 
circular  contains  descriptions  and  illustrations  of  the  transit-level, 
the   architects'   ievel,    and   the  architects'   convertible  level. 


STATEIVIENT       OF      THE       OWNERSHIP,       M  AN  AGEIVl  ENT, 

CIRCULATION,      ETC.,      REQUIRED      BY      THE      ACT 

OF    CONGRESS    OF    AUGUST    24,     1912, 

of    "Engineering    and    Contracting,"'     published    e\'er>     ^^'ednesday    at 

Cliica.go.  11!.,  for  October  1.  191C. 

State  of  Illinois',  Connt.N'  of  Cook,   ss. ; 

Before  me.  a  notary  public  in  and  for  the  state  and  county  afore- 
said, personally  appeared  H.  P.  Gillette,  who,  having  been  duly  sworn 
according  to  law,  deposes  and  says  that  he  is  the  business  manager  of 
"Engineering  and  Contracting."  and  that  the  following  is.  to  the  best 
of  his  knowledge  and  belief,  ;;  true  statement  of  the  ownership,  man- 
agement (and  if  a  daily  paper,  the  circulation!,  etc..  of  the  afore- 
said publication  for  the  date  shown  in  the  above  caption,  required  by 
the  Act  of  August  21.  101-'.  embodied  in  secticn  443,  Postal  Laws  and 
Regulations,  printed  on  the  rever.se  of  this  form,  to-wit; 

1.  That  the  names  and  addresses  of  the  publisher,  editor,  mai- 
aging  editor  and  business  manager,  are: 

Publisher — M.   C.   Clark  Publishing  Company,   Chicago.   111. 
Editor — C.    T.    Murray,    Chic.-'go.    Ill 
Managing    Editor— H.    P.    Gillette,    Chicago,    111. 
Busine.=s    Manager — H.    P.    Gillette.    Chicago,    111. 

2.  Tliat  tlie  owners  are:  iGive  names  .md  addresses  of  individual 
owners,  or,  if  a  corpor.ation.  give  its  name  and  the  names'  and  ad- 
dresses of  stockholders  owning  or  holding  1  per  cent  or  n'ore  of  the 
total  amount  of  stock):  H.  P.  Gillette.  Chicago.  111.;  N.  M.  Clark.  Chi- 
cago. 111. 

3.  'i''!iat  the  known  bondholders,  mortgagees  and  other  security 
hr'ld-jrs  owning  or  holding  1  per  cent  or  more  of  total  amount  of 
Ixmds.  mortgages  or  other  security  are;  (If  there  are  none,  so  state,  i 
— None.  ,  ., 

4.  That  the  two  paragraphs  next  above,  giving  the  names  of  the 
owners,  stockholders  and  security  holders,  if  any,  contain  not  only 
the  list  of  stocl- holders  and  security  holders  as  they  appear  upon  the 
iiooks  of  the  company,  but  also,  in  cases  where  the  stockholder  or 
securitv  holder  appears  upon  the  books  of  the  company  as  trustee  or 
in  anv  "other  fidiuia'-y  relation,  the  name  of  the  person  or  corporation 
for  whom  ;-;uch  trustee  is  acting,  is  given;  also  that  the  said  two  para- 
graplis  contain  statements  embracing  affiant's  full  kiiowledge  and  be- 
lief as  to  the  circumstances  and  conditions  under  which  stockhol  lers 
and  security  holders  who  do  not  appear  upon  the  books  of  the  company 
as    trustee,    hold    stock   and    securities   in    a    capacity    other    than    that 

■  if  a  iiona  fide  owner;  and  this  affiant  has  no  reason  to  believe  that  anv 
other  person,  association  or  corporation  has  anv  interest  direct  or 
indirect  in  the  said  stock,  bonds  or  other  securities  than  as  so  stated 
l>v  him. 

5.  That  the  .-iverage  number  of  copies  of  each  issue  of  this  pub- 
lication sold  or  distributed,  through  the  mails  or  otherwise,  to  paid 
subscribers  during  the  six  months  preceding  the  date  shown  above  is: 
(This  information  is  re(iuired  from  dailv  nublications  o'nly.) 

(Signed)  H.   P.  t^ILT  ETTE.   Business  Manager. 

Sworn    to  and   subscribed   before   me   this   27th   day   of  .September, 

'■(Seal.)  C*.  E.  MEINDERS,  Notary  Public. 

iMy   cujiimission   expires   June   7.    1020.1 
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MOTOR  TRUCKING  AS  A  BUSINESS  FOR  CON- 
TRACTORS TO  ENTER. 

When  one  contractor  has  found  it  profitable  to  enlarge 
his  investment  in  motor  trucks,  year  b.v  year,  until  he  now 
operates  61  trucks  that  do  hauling  by  contract,  the  time 
has  surely  come  for  many  a  contractor  to  consider  seri- 
ously going  into  trucking  as  a  business  by  itself.  It  is 
true  that  scores  of  contractors  have  already  ventured  into 
motor  trucking  in  and  around  cities,  taking  hauling  con- 
tracts by  the  ton-mile,  by  the  hour,  or  by  the  day.  But 
perhaps  it  requires  a  spectacular  success  like  that  of  Mr. 
Stedman  Bent  of  Philadelphia  to  stimulate  hundreds  of 
other  contractors  to  enter  this  field  without  timidity  and 
with  determination  to  build  up  a  large  and  profitable  en- 
terprise. 

Harking  back  to  the  ante-railway  days,  and  consider- 
ing also  the  present  anti-railway  days,  many  an  old  con- 
tractor will  recall  his  early  success  with  ten-mule  "mo- 
tors" hitched  to  freighting  wagons,  and  will  ask  himself 
whether  history  is  not  about  to  repeat  itself.  Because 
capital  today  finds  little  profit  in  railroading,  may  not 
much  of  it  migrate  into  motor  trucking?  May  not  motor 
trucking  grow  into  such  large  proportions  as  even  to 
change  railroading?  If  so,  will  not  large  financial  re- 
wards go  to  the  men  gifted  with  foresight  and  courage 
enough  to  be  among  the  pioneers  in  this  new  and  revo- 
lutionary field  of  transportation? 

Apparently  some  such  questions  as  these  were  put  by 
Mr.  Bent  of  Philadelphia,  and  apparently  he  answered. 
Yes.  Here  is  a  contractor  who  owns  61  White  trucks 
l5-ton),  and  who  contracts  for  hauling  in  and  about  the 
"city  of  brotherly  love" — at  a  profit  that  detracts  nothing 
from  the  lovableness  of  the  occupation  or  the  city,  we 
presume. 

Motor  trucking  on  Eighth  Ave.,  New  York  City,  has  in- 
creased over  500  per  cent  in  five  years,  according  to  sta- 
tistics gathered  by  the  engineers  of  the  department  of 
public  works  of  Manhattan  and  recently  published  by  the 
Garford  Motor  Truck  Co.  The  horse  is  clearly  doomed  to 
extinction  as  a  motive  agency  in  city  trucking.  Will  the 
motor  trucks  that  displace  the  horses  and  wagons  be 
owned  by  individuals  having  a  relatively  small  amount  of 
trucking  to  do,  or  will  fleets  of  motor  trucks  be  operated 
by  contractors  like  Mr.  Bent,  who  specialize  in  trucking? 
While  trucking  by  industrial  firms  who  operate  their  own 
motor  vehicles  will  always  exist,  we  look  to  see  a  pro- 
gressively larger  number  of  merchants  and  other  city 
business  men  contract  for  nearly  all  their  trucking  on  a 
ton-mile  or  load-mile  basis.  Certainly  the  smaller  mer- 
chants and  manufacturers  will  ultimately  find  it  profit- 
able to  turn  over  all  trucking  to  contractors  who,  through 
specializing,  will  not  only  be  able  to  reduce  operating  ex- 
penses, but  will  be  able  to  keep  their  trucks  moving  a 
larger  percentage  of  the  time. 

It  has  long  been  recognized  that  one  of  the  secrets  of 
economic  production  in  any  business  is  to  secure  a  "load 
factor"  as  near  to  100  per  cent  as  practicable;  in  other 
words,  to  reduce  the  idle  time  of  the  plant  to  a  minimum. 
This  is  best  accomplished  through  specialization.  A 
merchant  who  gives  his  time  to  merchandising  can  neither 
solve  the  trucking  problems  as  well  as  can  a  trucking 
contractor,  nor  can  he  keep  his  trucks  as  busy  as  can 
such  a  contractor.  The  saving  in  idle  truck  time  will 
alone  make  a  handsome  profit  for  the  trucking  contractor. 


There  are  literally  scores  of  ways  of  increasing  the 
efl[iciency  of  loading,  hauling  and  unloading  goods  and 
materials.  These  methods  the  alert  contractor  will  learn 
from  his  own  observation  in  part,  and  in  larger  part  from 
reading  contracting  journals  that  give  him  the  newest 
"tricks  of  the  trade"  developed  by  other  contractors.  A 
merchant  or  manufacturer  can  not  keep  abreast  of  the 
advances  in  his  own  specialty  of  merchandising  or  manu- 
facturing, and  at  the  same  time  keep  abreast  in  another 
specialty  such  as  transportation  is. 

Here,  then,  is  a  relatively  new  and  growing  field  for 
contractors  to  enter  in  every  city  in  America,  namely 
the  field  of  motor  haulage  as  a  special  branch  of  the  con- 
tracting business. 


THE  COST  OF  LIGHTERAGE  ACROSS  THE  HUD- 
SON RIVER. 

In  our  last  Excavation  and  Railway  Monthly  issue  we 
criticised  certain  estimates  as  to  freight  transportation 
that  had  been  published  by  one  of  our  contemporaries. 
Among  the  items  criticised  was  80  ct.  per  ton  as  the  aver- 
age cost  of  lightering  freight  across  the  Hudson  River. 
The  basis  for  this  estimate  was  a  brief  submitted  in  1908 
by  Mr.  William  J.  Wilgus  in  behalf  of  the  Amsterdam 
Corporation  which  was  seeking  permission  from  the  Pub- 
lic Service  Commission  to  build  and  operate  a  freight 
subway  system. 

We  spoke  of  the  80  ct.  estimate  as  a  "guess,"  for  it 
greatly  exceeded  certain  statistics  in  our  possession.  Mr. 
Wilgus  has  kindly  sent  us  a  copy  of  his  brief  in  which 
he  quotes  certain  testimony  and  ether  data  relating  to 
lighterage.  We  wish  particularly  to  point  out  two  facts: 
First,  that  the  80  ct.  cost  of  lighterage  relates  only  to 
"merchandise"  and  not  to  coal  and  bulk  freight  in  gen- 
eral;  second,   that   it   includes   loading  and   unloading. 

Mr.  Wilgus  cites  testimony  of  Mr.  Frank  Osborne,  Mas- 
ter Lighterman  of  the  Pennsylvania  R.  R.,  as  recorded  in 
the  report  of  the  New  Y'ork  Commerce  Commission  for 
1900.  The  testimony  related  to  lighterage  of  "merchan- 
dise." In  lightering  650,370  tons  in  1898,  with  a  marine 
plant  investment  of  $400,000,  the  cost  was  as  follows  per 
ton: 

I.     Office  and  incidentals $0  03 

:.     Manning    '.'.'.'.'.'. o'lq 

3.  Charter    nn? 

4.  Wharfage    ' ' '  '■ no? 

."..     Towing    '.'.'.'.'.'.'.'.'.'.'." 013 

.:.     Watching    qqj 

7.     Insurance    * n'm 

s.  Fuel ■.'.■.■.■.■.■.:;::::::: ooi 

9.     Repairs ....'.'.'.'.'.'.'.'.  009 

Total   sQ  (jj^ 

1 0.  Loading  and  unloading  wjst  side  of  North  River! ...'.". 0  1" 

11.  Fixed  charpes.  risl<s  and  general  expense  on  $400,000  plant. '.  0.06 

Tfi-''  ."ioTri 

Mr.  Wilgus  says  in  his  brief: 

"From  a  reliable  source  the  following  actual  costs  have 
been  obtained  for  lightering  large  tonnages.  They  in- 
clude interest,  depreciation,  taxes,  risks  and  general  ex- 
penses, as  well  as  material  and  labor  in  connection  with 
the  marine  plant,  but  do  not  include  items  of  expense  in 
connection  with  shore  facilities." 

Heavy  freight  handled  on  power-derrick  barges  ^m'??' 

Merchandise  handled  on  hand-hoist  barges,  including  loading.'  but    ' 

*iOt  unio3iiin^  •••••■■-•••.....,,.,.  t\  s" 

Freight  handled   in   propeller  bargesfl' inciuding  loading.'  but  nit     '   ' 

103Clin^      ■•••.••-...........,,...  f\  CO 

Grain,   nut  inducing  handling '.'.'.'.'.'. 020 

Freigiit  moved  In  cars  on   floats,   not  incuding 'loading  'and' 'un-    ' 
lO&ain^    02l 
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Our  contemporary  ignored  these  figures  and,  although 
its  article  related  to  freight  in  general,  it  used  an  80-ct. 
estimate  that  relates  only  to  merchandise.  Our  knowl- 
edge that  this  80  ct.  was  several  times  in  excess  of  the 
cost  of  lighterage  of  car  load  lots  on  barges  led  us  to  con- 
demn the  80-ct.  figure  as  a  pure  guess  and  we  still  con- 
demn it  as  a  guess,  used  as  the  80-ct.  fiuure  was  used  to 
denote  an  average  cost  of  lightering  freight  across  the 
Hudson.  We  regret  having  stated  that  Mr.  Wilgus'  figure 
of  80  ct.  a  ton  was  a  guess,  for  used  as  he  used  it  in  ref- 
erence to  merchandise  only,  inclusive  of  loading  and  un- 
loading, it  was  not. 

It  is  interesting  to  note  in  this  connection  that  Mr. 
Wilgus  gives  the  following  minimum  estimate  of  lighter- 
ing merchandise  based  on  a  "recent  (1908)  source  of  in- 
formation" : 

Per  ton. 
Loading  and  unloading,  transfer  from  car  to  pier,  switching,  etc.  .$0.15 

Water-carriage  by  barg-e  and  car  float 0.25 

Interest,   taxes  and  depreciation  and  general  expense  on  marine 

plant     0.06 

Ditto  on  shore  facilities  on  west  side  of  North  River 0.02 

Total,  excluding  Manhattan  Station  expense $0.48 

He  puts  the  rental  of  waterfront  property  on  Manhat- 
tan at  25  ct.  per  ton  of  freight  handled,  plus  8  ct.  for 
fixed  charges  and  maintenance  of  piers.  Unloading  and 
handling  the  merchandise  at  the  pier  he  puts  at  30  ct.  a 
ton,  the  limits  of  variation  being  27  to  47  ct.  This  would 
make  the  Manhattan  station  expenses  63  ct.  a  ton,  but 
this  is  not  a  lighterage  expense. 

He  states  that  the  cost  of  draying  or  trucking  the 
freight  from  the  Manhattan  terminal  to  the  consignee 
ranges  from  40  ct.  to  $10  a  ton,  and  probably  averages 
80  ct. 

Mr.  Wilgus  estimates  that  a  freight  subway  would  elim- 
inate lighterage  and  the  trucking  of  nearly  25,000,000 
tons  annually. 


SELL  DIRT  AS  DANLEY  DID. 

In  ordinary  times  contractors  have  been  accustomed  to 
watch  contract  news  items,  proposal  ads  and  the  like,  for 
"tips"  that  would  take  them  by  the  hand  and  lead  them 
to  a  job.  But  latterly,  especially  since  the  war  began  and 
railroad  construction  became  more  scarce,  many  a  "dirt 
mover"  has  had  to  go  out  and  make  a  contract  where  none 
e.xisted  until  his  arrival.  To  mention  one  large  instance, 
William  Carey,  one  of  the  most  successful  of  railroad 
builders,  went  over  to  China,  and  not  only  secured  a  $20,- 
000,000  canal  job,  but  also  obtained  a  contract  calling  for 
the  construction  of  railwaj's  involving  an  expenditure  of 
nearly  $60,000,000. 

While  such  examples  are  as  stimulating  as  they  are  spec- 
tacular, perhaps  the  accomplishment  of  Mr.  F.  E.  Danley, 
of  Aurora,  111.,  will  better  serve  to  indicate  what  a  dirt 
moving  contractor  of  more  modest  means  may  accomplish 
by  the  e.xercise  of  his  wits.  According  to  "The  Earth 
Mover,"  Mr.  Danley  learned  that  the  steel  companies  in 
South  Chicago  and  Gary  use  large  quantities  of  clay  to 
seal  their  cupolas  and  ovens.  By  investigation  he  ascer- 
tained that  a  clay  bed  near  his  home  town  contained  ma- 
terial that  would  meet  the  requirements  of  the  steel  com- 
panies. Freight  rates  permitted  him  to  ship  the  clay  pro- 
vided he  could  load,  haul  and  unload  it  into  cars  at  a 
moderate  cost. 

In  solving  his  problem  of  loading  and  hauling,  he  used 
a  Western  elevating  grader  pulled  by  a  Rumley  oil  tractor 
(using  25  gal.  of  8  ct.  kerosene  daily).  The  clay  is  loaded 
by  the  grader  into  end-dump  wagons,  and  it  is  hauled  to 
a  platform  where  the  wagons  dump  onto  an  apron  that 
chutes  the  clay  directly  into  the  freight  cars.  In  building 
the  platform  Mr.  Danley  selected  a  place  where  the  rail- 
way track  lies  in  a  shallow  cut.  The  platform  was  built 
out  from  the  side  of  the  cut.     . 

This  solution  of  the  dirt  moving  problem  is  simple  and 
effective,  but  our  point  here  is  primarily  to  call  attention 
to  the  resourcefulness  of  Mr.  Danley.  Not  only  did  he 
create  this  job  for  himself  and  his  men,  but  incidentally 
he  is  uncovering  a  bed  of  good  gravel.  When  he  has 
stripped  the  clay,  which  he  sells  to  the  steel  companies,  he 
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will  have  a  gravel  pit  ready  to  be  sold  or  to  be  worked  by 
himself. 

"Dirt"  in  the  form  of  gravel  or  sand  is  marketed  in 
huge  quantities,  but  it  would  not  occur  to  the  average  man 
that  clay  also  may  be  marketed,  provided  it  is  of  the  right 
sort  in  the  right  place. 

On  a  small  scale  many  men  earn  a  living  through  the 
sale  of  loam  for  garden  purposes.  Might  not  many  a  con- 
tractor apply  Mr.  Danley's  methods  in  loading  and  deliver- 
ing loam  to  cars?  Might  not  a  large  and  profitable  busi- 
ness of  selling  dirt  be  thus  built  up  by  many  of  our  read- 
ers who  reside  in  or  near  cities? 

Politicians  are  fond  of  saying:  "The  job  sought  me.  I 
did  not  seek  the  job."  But  whatever  the  politician's  claim 
to  public  recognition  because  of  his  modesty,  certainly  the 
business  world  admires  the  man  who  seeks  the  sort  of  a 
job  that  Mr.  Danley  sought  and  "landed." 


SECURING   SAND   BY   HYDRAULIC   SLUICING 
FROM  GLACIAL  DRIFT. 

In  regions  of  glacial  drift  deposits,  large  boulders  are 
usually  mixed  with  sand  and  gravel  in  such  a  manner  as 
to  make  the  removal  of  the  boulders  very  expensive. 
Where  the  sand  constitutes  only  30  per  cent  of  the  de- 
posit, as  is  usually  the  case,  a  serious  economic  problem 
presents  itself  if  much  sand  is  needed  for  concrete  work. 
In  the  far  west  it  has  long  been  the  practice  to  secure 
sand  from  glacial  deposits  by  hydraulic  sluicing,  which  is 
ordinarily  the  cheapest  method  available.  In  the  east  this 
method  is  coming  into  favor  as  rapidly  as  eastern  engi- 
neers and  contractors  become  familiar  with  the  hy- 
draulicking  methods  that  were  devised  nearly  half  a  cen- 
tury ago  in  California  for  placer  gold  mining. 

In  general,  the  effort  should  be  made  to  secure  a  gravity 
supply  of  water  for  hydraulicking,  and  under  sufficient 
head  to  undermine  the  banks  of  gravel,  sand  and  boulders, 
when  a  large  nozzle  (or  "monitor")  plays  its  stream  of 
water  against  the  bank.  But  in  many  cases  it  is  cheaper 
to  pump  the  water  for  the  purpose,  resorting  to  some  bank 
blasting  to  break  down  the  gravel  face. 

The  amount  of  water  required  depends  upon  the  pres- 
sure to  a  considerable  extent,  but  more  upon  the  slope 
and  roughness  of  the  ditch  or  sluice  that  carries  away  the 
material  from  the  gravel  bank.  In  general,  it  may  be  said 
that  for  each  cubic  yard  of  gravel  and  sand  moved  by  the 
water  there  will  be  required  500  to  2,000  cu.  ft.  of  water, 
the  ordinary  average  being  about  1,000  cu.  ft.,  according 
to  Gillette's  "Earthwork  and  Its  Cost." 

Where  sand  and  gravel  are  to  be  secured  for  concrete, 
the  sluices  or  ditches  should  deliver  into  a  basin  or  reser- 
voir. A  brush  dam  can  be  built  to  retain  the  sand  and 
gravel,  and  the  overflow  will  carry  off  clay  and  vegetable 
matter.  Usually  two  basins  will  be  required,  one  being 
emptied  of  its  sand  and  gravel  while  the  other  is  being 
filled. 


EDITORIAL  COMMENT. 


Press  dispatches  state  that  Russia  and  Japan  entered 
strong  protests  against  the  construction  of  the  new 
Chinese  railways,  the  contract  for  which  has  been  award- 
ed to  the  Siems-Carey  Co.,  of  St.  Paul.  Minn.  Inasmuch 
as  this  $60,000,000  project  is  being  financed  by  a  U.  S. 
concern,  the  America'n  International  Corporation  of  New 
York,  it  will  be  interesting  to  know  on  what  grounds  the 
protests  are  based. 


Preliminary  work  is  underway  for  one  of  the  largest 
railroad  construction  jobs  of  the  year.  This  is  the  new 
Pennsylvania  R.  R.  line  to  Detroit  and  terminals  in  the 
latter  city.  Some  reports  have  it  that  this  undertaking 
will  involve  an  expenditure  of  $40,000,000.  Meanwhile 
the  officials  are  giving  out  very  little  information,  about 
the  most  definite  being  that  the  company  "contemplates 
building  its  own  track  and  having  its  own  terminals  in 
Detroit." 
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WHAT  IS  A  COLLEGE  FOR? 

To  the  Editor:  Referring  to  the  article  on  "What  Is  a 
College  For?"  I  agree  with  your  views  in  the  main.  The 
attitude  of  some  of  our  educators  toward  engineering  col- 
lege work  is  due  to  their  own  training,  lack  of  apprecia- 
tion, and  often  actual  knowledge  of  applied  science.  This 
is  especially  true  of  many  men  educated  in  the  South 
where  we  have  been  slow  to  acknowledge  the  value  of  the 
applied  sciences  in  education.  These  men  have  held  to 
the  old  idea  that  the  only  true  learning  or  culture  is  to  be 
had  from  a  study  of  the  so-called  humanities.  They  de- 
veloped in  an  atmosphere  which  placed  the  trades  and 
laborers  in  a  class  far  removed  from  the  professions  and 
they  regard  engineering  as  a  trade. 

These  conditions  are  changing  rapidly  in  the  South. 
Graduates  of  engineering  colleges  are  taking  their  proper 
place  in  society  and  their  work  is  so  important  to  the 
growth  and  development  of  a  country  that  they  are  now 
beginning  to  receive  the  recognition  which  they  justly  de- 
serve. 

Some  10  years  ago  the  writer  e.xpressed  through  the  lo- 
cal college  paper  his  opinion  of  "What  Constitutes  an  En- 
gineering Education."  The  article  was  very  severely 
criticized  by  a  professor  of  Latin  and  Greek  because  the 
ancient  languages  had  not  been  included  in  the  curriculum. 
This  same  professor  of  ancient  languages,  now  president 
of  a  state  university,  is  devoting  much  of  his  time  to  boost- 
ing the  study  of  agriculture  and  mechanic  arts. 

The  engineering  profession  has  grown  until  it  is  now 
beyond  reason  to  expect  a  student  in  a  short  college  course 
of  4  or  5  years  to  master  any  one  of  the  major  divisions-of 
engineering.  The  demand  of  the  times  is  not  for  engineers 
with  a  vague  knowledge  of  many  branches  of  engineering, 
but  rather  for  men  who  have  mastered  some  definite  phase 
of  the  science  and  who  possess  knowledge  beyond  that  of 
the  average  individual  in  his  profession. 

There  is  plenty  of  work  for,  and  a  bright  future  ahead 
of  the  engineer  who  develops  superior  skill  in  designing 
bridges,  and  it  is  not  necessary  or  desired  that  this  man 
should  have  special  training  in  railway  construction, 
drainage  or  steel  building  construction  farther  than  these 
subjects  bear  directly  on  design  and  construction  of 
bridges,  and  for  such  a  man  to  spend  any  considerable  por- 
tion of  his  time  in  college  in  the  study  of  philosophy,  an- 
cient languages,  history  and  allied  subjects,  is  equally  un- 
desirable. 

The  object  of  college  is  to  prepare  men  for  useful  citi- 
zenship. In  the  past  it  would  seem  that  many  of  our  col- 
lege courses  have  tried  to  do  this  by  offering  a  large  num- 
ber of  subjects  of  the  most  general  character,  expecting 
the  student  to  get  a  smattering  of  many  things  and  from 
this  conglomerate  knowledge,  select  a  foundation  for  his 
life  work. 

We  are  gradually  accepting  the  democratic  idea  of  edu- 
cation and  recognizing  the  worth  of  the  man  of  superior 
skill  and  training  in  any  line  of  human  endeavor.  The 
difference  between  a  trade  and  a  profession  is  largely  one 
of  sentiment.  The  so-called  "learned  professions"  number 
in  their  ranks  many  individuals  who,  if  measured  with 
the  modern  educational  yard  stick,  are  inferior  in  learning 
to  many  tradesmen.  We  all  respect  the  well  balanced, 
honest  artisan  in  our  community  whether  he  be  carpenter, 
blacksmith  or  mechanic,  if  he  possesses  skill  superior  to 
his  fellows.  The  same  respect  is  shown  the  physician  or 
lawj-er  who  displays  superior  skill  to  his  fellows  in  his 
vocation.  On  the  other  hand  the  indifferent  blacksmith 
and  the  slovenly  physician  are  in  the  same  class  regard- 
less of  the  fact  that  one  belongs  to  the  learned  profession 
and  the  other  is  a  tradesman. 

The  endeavor  of  our  colleges  should  be  to  so  train  men 
that  they  will  reach  the  top  of  their  chosen  profession  re- 
gardless of  what  line  of  endeavor  they  may  select  for  their 
life  work.  The  curriculum  which  will  accomplish  this  end 
in  the  largest  measure  much  necessarily  be  a  flexible,  grow- 
ing curriculum,  one  which  shall  keep  abreast  of  the 
gTov.-ih  and  development  of  the  world.  The  Chinese  Wall 
'^ J'^^Ponsible  in  a  large  measure  for  the  present  standing 
of  that  country  among  nations,  and  the  college  which  in- 


sists on  maintaining  its  eld  Greek,  Latin,  mathematics  and 
philosophy  curriculum  will   soon   occupy  among  modern 
colleges  a  place  similar  to  China  among  nations. 
Yours  very  truly,  W.  N.  Gladson, 

Dean  of  the  College  of  Engineering, 

University  of  Arkansas. 
Fayetteville,  Ark.,  Oct.  5,  1916. 


WHY  DO  NOT  ALL  ENGINEERING  COLLEGES 
DEVELOP  READING  HABITS? 

To  the  Editor:  After  reading  the  article,  "Why  Do  Not 
All  Engineering  Colleges  Develop  Reading  Habits?"  pub- 
lished in  your  number  of  Sept.  20th,  I  was  struck  by  the 
thought  that  the  inquiry  was  more  in  the  nature  of  one 
as  to  why  graduates  of  engineering  colleges  do  not  pos- 
sess the  reading  habit.  The  difference  is  not  a  mere 
quibble.  It  is  quite  possible  that  the  reading  habit  may 
have  been  formed  in  a  man  during  his  college  course  and 
lost  after  graduation.    I  believe  this  often  to  be  the  case. 

All  of  the  influences  surrounding  the  graduate  of  an 
engineering  school  or  college  during  the  first  few  years 
after  his  graduation  are  such  as  to  discourage  reading 
habits  if  he  possessed  them  to  begin  with.  Such  influ- 
ences are  financial,  social  and  industrial. 

The  avera:?e  graduate  probably  receives  a  salary  of 
about  $50  per  month.  Aside  from  the  direct  objection  to 
spending  any  part  of  such  a  sum  on  reading  matter  there 
are  collateral  influences  all  making  against  a  tendency  to 
read,  and  all  resulting  indirectly  from  the  smallness  of 
compensation.  The  most  important  of  these  is  the  kind 
of  living  quarters  a  man  can  secure  for  himself  for  the 
amount  of  money  available.  It  is  obvious  that  he  cannot 
afford  quarters  roomy  enough  to  permit  of  the  housing  of 
a  library.  The  same  holds  quite  as  true  if  the  man  hap- 
pens to  be  engaged  on  construction  away  from  a  large  city 
and  lives  in  a  company  bunk  house. 

So  much  for  financial  considerations.  The  social  ele- 
ment enters  in  from  the  fact  that  the  average  young  grad- 
uate becomes  a  member  of  an  organization  mostly  made 
up  of  men  of  inferior  intellects,  or,  at  least,  of  inferior 
education,  and  who  certainly  are  not  readers.  There  is 
none  of  the  stimulus  of  the  contact  of  one  mind  with  an- 
other. 

The  industrial  reasons  have  several  phases.  The  first 
of  these  is  the  tendency  of  most  young  engineers  either 
from  choice  or  necessity  to  shift  from  one  location  to  an- 
other. In  addition  to  the  outright  cost  of  moving  a  library 
there  is  the  nuisance  of  it. 

A  second  industrial  reason  is  the  character  of  the  work 
assigned  to  engineering  graduates  in  their  early  work. 
For  most  of  them  it  consists  either  of  routine  drafting  or 
of  routine  surveying,  or  of  routine  testing,  all  work  that 
is  mastered  somewhere  about  the  second  year  of  most 
engineering  courses.  I  do  not  contend  that  every  gradu- 
ate can  be  made  chief  engineer  or  manager  within  a  month 
or  two  of  his  graduation.  There  are  not  enough  of  such 
places  to  go  round,  even  were  the  men  competent  to  fill 
them — which  they  are  not.  On  the  other  hand,  I  do  con- 
tend that  employers  could  not  only  to  the  benefit  of  the 
men,  but  to  their  own  ultimate  advantage,  go  to  some 
pains  to  make  it  easier  for  the  men  to  get  some  vision  of 
the  whole  of  which  their  small  task  is  a  part.  I  am  con- 
vinced that  a  great  deal  of  the  difficulty  in  finding  men 
suitable  for  promotion  within  an  organization  results  from 
the  deadening  effect  of  keeping  men  too  long  at  routine 
tasks  below  their  ultimate  ability.  One  by-product  of  this 
deadening  is  the  loss  of  the  reading  habit.  A  man  doing 
routine  work  which  he  knows  to  be  far  below  his  best  abil- 
ity, and  with  no  incentive  to  see  the  organization  of  which 
he  is  a  part  as  a  whole,  either  leaves  such  an  organiza- 
tion, or  his  mental  alertness  adjusts  itself  to  remaining  a 
part  of  it. 

It  may  be  said  that  some  of  my  points  are  met  by  the 
existence  of  public  libraries.  It  has  been  my  experience 
and  observation  that  most  of  the  reading  done  by  those 
who  do  read  is  done  by  walking  up  and  down  before  a 
shelf  and  selecting  the  volume  that  strikes  the  fancy  of 
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the  moment,  then  taking  that  volume  to  a  chair  and  light  that  this  ambition  can  be  aroused  in  the  normal  m^tn  only 

with  both  of  which  the  reader  is  familiar.     It  requires  a  when  there  is  a     goal  in  sight. 

decLdly  cold  blooded   fanatical  yearning  for  information  Finally,  I  believe  that  you  are  doing  an  excellent  serv- 

fo  rmS  a  man  to  Se  point  of  knowing  just  what  he  want.s  ice  to  the  engineering  profession  in  discussing  questions 

to  "ad   then  of  giing  to  the  uncongeniil  surroundings  of  of  this  sort  that  lie  at  the  very  foundation  of  its  con- 

a  public  library  and  getting  it.    Doubtless  the  one  man  in  tinued  existence  as  a  profession. 

:  ^ousand  djstined^o   fame  wUl  overconie  all  the   ob  Very  .sincerely  yours,             ^^^^^^^,^^^_ 

f::^rX^::^7liZ  ^::t^:^:^Z  '::^      Dean  and  Director,  School  ot^^e^g    Uni^ty  of 
i^ounaing  an  ^.^^^^^^^^^  Chester  B.  Lewis.  Missouri.  Columbia,  Mo.,  Sept.  29,  1916. 

Ann  Arbor,  Mich.,  S;pt.J6^916.  ^  ^^^  ^^^^  ^^  ^^^^  EXCAVATION. 

To  the  Editor:    Your  editorial,  raising  a  question  as  to  twelve  years  ago  "Rock  Excavation,"  by  Halbert  P.  Gil- 

the  lack  of  reading  habit?  among  engineers,  and  your  im-  ^^^^^    was"  published.     It  was  the  first  American  treatise 

plied   shifting   of  this   responsibility  to  the   engineering  ^^  ^^.^  ^^^^^  subject.     During  the  last  ten  years  a  very 

schools  arouses  me  to  something  c.f  a  protest.     1  believe  ^^^^^  amount  of  valuable  information  on  rock  excavation 

vou  have  answered  the  question  m  the  paragraph  where  ^^^  appeared  in  the  various  engineering  journals  and  par- 

■you  state  that  engineers  are  after  all  more  like  other  men  ^.^yjj^j.jy  ^^  ^^^  columns  of  Engineering  and  Contracting, 

than  they  have  been  willing  to  concede.      They  are  not  as  ^^^   Gillette  has  not  only  "skimmed  the  cream"  of  all  this 

a   rule,   sufficiently   studious   of  their  problems.       What  .^^'^^^^^-^^  ^^^.  ^jg  new  book— "Handbook  of  Rock  Exca- 

class  of  men  are?     The  point  where  the  radical  wrong  ^^^^.^^  Methods  and  Cost"— but  he  has  added  a  great  many 
exists  in  the  mental  training  of  engineering  students  be-  .  ,  ^  ^^     ^         j^ig  ^^^  experience  as  an  engineer  and 

gins  long  before  they  come  to  the  schools  of  engineering^  contractor 

Reading  habits  are  more  likely  to  be  formed  m  early  youth  ^^^  ^^^^  ^_^^j.  ^^^j.  ^^^  ^^^   Gillette  contained  chapters 

than  after  tho  period  in  which  students  are  m  the  high  ^^   tunneling,   but  the   present  book   relates   entirely   to 
school.    I  believe,  however,  that  you  do  well  to  call  atten-  j^_^^^   ^^^.j^      E^en   the   chapters   on   "chamber  blast- 

tion  to  this  matter,  and  I  hope  it  may  result  m  arousing  .^       ^^^  "subaqueous   excavation"  may  be  regarded  as 

engineering  teachers  to  the  amazing  lack  of  general  oi  ^     ^^^^^^^   excavation.     The   author  states   in  his   preface 

specific  reading  on  the  part  of  engineering  students,     i  ^^^^  ^^  ^^^  .^  preparation  a  book  on  tunnels  and  shafts, 

personally  believe  that  the  main  reason  for  the  lack  ot  a  ^^  eliminating  all  matter  on  underground  work  the  author 

higher  professional  sense  among  engineers,  and  their  m-  ^-^  ^^^^  ^^^^  ^^  produce  a  treatise  on  rock  excavation 

ability  to  co-operate  on  important  professional  policies,  is  ^^^^  ^^^^^^  ^^^  branch  of  open-cut  drilling  and  blasting 

due  entirely  to  an  absence  of  broad  understanding  and  j^^^^^^  jg^^      j^  its  §40  pages  of  -500  words  to  the  page 

sympathies  which  must  follow  a  neglect  of  wide  reading  ^^^  reader  will  find  more  usable  information  on  rock  ex- 

and  lack  of  interest  in  an  affiliation  with  professional  so-  ^^^^^j^^^  ^^^^^  ^^,^^  gver  gathered  together  before  in  one 

cieties.                                                                .                 id  volume 

I  am  interested  to  know  of  the  work  being  done  by  Fro-  ^^^  ^^^^  contains  18  chapters,  whose  titles  are  as  fol- 

fessor  Bozell  and  heartily  agree  in  commending  it  and  ^^^^      ^^^^^  ^^^  ^j^^j^.  properties;  Methods  and  Cost  of 

urging  its  application  early  in  the  engineering  course.     1  ^^^^-   jjj.jjjj,^g.   p^ill  Bits;  Shape,  Sharpening  and  Tem- 

am  painfully  aware,  however,  that  very  few  of  the  teach-  ^^^.^         Machine  Drills  and  Their  Use;  Cost  of  Machine 

ers  that  we  are  able  to  secure  in  the  engineering  schools,  ^^.^jj^'     g^^^^j^  Compressed  Air  and  Other  Power  Plants; 

under  present  industrial  conditions,  are  themselves  wide  ^^^^^   ^'^.^^^    ^^,^jj   Drills,  Augers   and  Cost  Data;   Core 

readers  or  appreciative  of  the  value  of  wide  reading.    One  ^^.^^^  ^^^  ^'^^^  ^^^^_^  Explosives;  Charging  and  Firing; 

has  but  to  examine  hastily  the  papers  presented  to  the  ^^^^j^^^^   ^^   Blasting;    Loading  and  Transporting  Rock; 

Society  for  the  Promotion  of  Engineering  Education  to  '(-       .^.^.j^      Dimension    Stone;    Open    Cut    Excavation    in 

note   that   teachers   of   wide   reputation   are   consistently  ^^^y^^-^  Quarries    Pits  and  Mines;  Railroad  Rock  Excava- 

presenting  evidence  of  lack  of  familiarity  with  much  that  ^.^^^    ^^^   Boulder   Blasting;    Canal    Excavation:    Trench 

is  appearing  in  the  current  technical  journals.    How  then  ^^^^^    Subaqueous  Rock  Excavation. 

should  the  blind  lead  the  blind?  Your  editorial,  instead  ^^j  ^^^^  .^  profusely  illustrated  with  drawings  and 
of  striking  me  as  involving  an  unnecessary  question.  j^^tographs  It  has  a  "flexible  binding  and  is  of  hand- 
rather  impresses  me  as  a  voice  raised  in  the  wilderness  j^^^^^  ^.^^  which,  as  the  author  states,  makes  it  a  con- 
enforcing  a  warning  and  proclaiming  the  way.  I  hope  ^,^^.^^^^  ^'^^^  f^^  't^e  contractor  or  engineer  to  use  in  his 
some  one  may  present  this  very  interesting  problem  at  the  ^j^  ^^^y.  ;„  the  field  or  office  or  on  the  train.  The 
next  meeting  of  the  Society  for  the  Promotion  of  Engineer-  ^^.^^  ^^-^^^  ^^^^  .^  ^^^  ^^^^  ^^  -^  published  by  the  Clark 

ing  Education.                            ,     j..     •   ,                •       w     ^  Book  Co.,  27  William  St.,  New  York  City. 

With  regard  to  your  second  editorial  answering  Wood- ^ 

row  Wilson's  article,  "What  Is  a  College  For?"  I  agree  poMPARISON    OF    BIN    \ND   PLACE   MEASURE- 

with  you  most  heartily  in  the  aim  of  this  editorial,  which  '^"'"^    "'*^^  ^!^  nRPnrFn  TVIATFRTALS 

is  a  plea  for  a  better  understanding  of  the  purpose  of  the  MENTS  Ot   DREDGED  MATERIALS. 

engineering  college  and  a  closer  knowledge  of  what  it  has  During  the  period  Nov.  17,  1914,  to  March  1,  1915,  the 

actually  accomplished.     As  you,  yourself,  say,  however,  ^    g    seagoing  hydraulic   dredge  Col.   P.   S.  Michie  was 

you  and  Mr.  Wilson  have  identical  sims,  but  you  advocate  engaged  in   dredging  inside  channels  in  Humboldt  Bay, 

"widely  variant  means.     For  the  position  held  by  Mr.  Wil-  Eureka,  Cal.    Due  to  the  nature  of  the  work  it  was  possi- 

son,  I  believe  engineering  educators  have  been  largely  re-  ^le  to  make  accurate  surveys  and  obtain  a  correct  place 

sponsible.    Surely  you  have  not  forgotten  what  was  rather  measurement    of   the   material    dredged.      The   following 

common  among  the  schools  of  engineering  when  you  and  results   of  a  comparison   of  bin  measurement  and  place 

I  were  students,  and  that  is,  an  emphasis  on  the  "prac-  measurement  are  given  in  Professional  Memoirs  for  Sep- 

tical"  which  was  not  only  detrimental  to  the  student,  but  tember-October,  1916: 

was  entirely  misleading  to  the  teachers  of  the  old-fash-  Finished  we\a. 

ioned  college- or  school  of  arts.     When  engineers  them-  ^ho^,,  ^,,^^,,,       *^""o?bin'''       ^"ofpialS'"      Kind  of  material 

selves  smile  at  agricultural  engineering,  and  when  engi-  "^           measurement,  measurement.           ^nt'^^n    upper 

neering  educators  have  tried  to  include  every  thing  under  i"  trout  of  Eureka....    i.>b.b'>o               lai.S'o     ^'^'^a:%and,    gravel 

the  term  Civil  Engineering,  we  should  not  be  too  critical  |U^  '='''^'  '"    °'"*'' 

of  the  classical  and  philosophic  scholar  who  takes  us  at     g^moa  Shoai  s3.s4t  56.664     "^"^i^^  sheUs'^     ''"'' 

our  word,  smiles  with  us,  and  confirms  our  judgment  with       Bu^ne  Point 19.232  21,3S1       Ver>-    fine    sand    and 

his  own  prejudices.                                                                                                                      ,  ,3  gon  sin°'"fln^e"iiarfl  clay 

After  all,  a  keynote  to  your  editorial  lies  in  the  state-  ^^^'^°"  ^°-  ^ '-  l""^  .^^^^^  "^  •■' 

nient  that  for  progress  a  man  must  work,  and  that  men  gra%e. 

really  work  only  when  driven  by  ambition.    I  believe  also                                           2o7.fi6T  228.520 
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It  will  be  noted  that  where  coarse,  heavy  material  (such 
as  sand,  gravel  and  clam  shells)  was  dredged  the  place 
measurement  was  less  than  the  bin  measurement  as  might 
be  expected,  but  where  fine,  hard  sand  and  silt  was 
dredged  the  place  measurement  ran  over  the  bin  measure- 
ments, showing  that  considerable  yardage  is  gained  by 
agitation. 


MATERIAL  YARDS  ON  RAILROAD  CONSTRUC- 
TION  WORK. 

The  proper  location  and  layout  of  material  yards  on 
railroad  construction  are  matters  of  no  small  importance. 
E.xpensive  delays  to  the  track-laying  forces  often  are 
caused  by  improperly  planned  and  operated  material 
yards.  \  ery  little  has  been  printed  on  this  subject,  and 
consequently  a  paper,  prepared  by  R.  L.  Morrison,  pro- 
fessor of  highway  engineering  at  the  Agricultural  and 
Mechanical  College  of  Texas  for  presentation  before  a 
Civil  Engineers'  Club  at  the  College,  should  prove  of  in- 
terest. The  matter  in  Mr.  Morrison's  paper,  aside  from 
the  expression  of  a  few  elementary  principles,  is  based 
largely  upon  personal  experience  and  observation.  The 
paper  practically  in  full  follows: 

I  As  soon  as  construction  begins  the  material  yard  should 
be  carefully  planned  and  laid  out.  The  location  of  any 
yard  is,  of  course,  an  individual  problem  to  be  governed 
largely  by  circumstances,  but  a  few  general  rules  can  be 
given  which  will  apply  to  practically  all  cases.  These 
rules  may  be  listed  as  "Don'ts": 

1.  Don't  unload  material  from  the  main  line.  This  is 
perhaps  the  most  important  of  all  the  rules  and  the  o'le 
most  frequently  disregarded.  To  avoid  thus  unloading,  an 
apparently  large  expenditure  for  temporary  tracks  would 
be  justified,  for  the  use  of  the  main  line  as  a  storage  track 
is  bound  to  cause  trouble,  and  lots  of  it.  The  reason  is 
obvious — the  material  cars  are  always  in  the  way  of  pass- 
ing work-trains,  and,  on  the  other  hand,  the  loading  gangs 
are  continually  being  delayed  by  these  trains  coming 
along  and  moving  their  cars.  I  remember  one  instance 
where  a  large  steam  shovel  was  getting  out  rock  for  rip- 
rap, the  rock  being  hauled  about  3  miles.  A  gang  with  a 
locomotive  crane  was  loading  bridge  steel,  which  had  been 
piled  along  the  main  line.  Every  time  a  train  load  of  rock 
passed,  the  crane  and  bridge  cars  had  to  be  switched  onto 
a  siding  and  left  there  while  the  rock  train  ran  down  and 
unloaded.  The  train  and  the  loading  gang  were  delayed 
about  a  half  hour  every  time  the  rock  train  made  a  trip, 
and  the  steam  shovel  was  often  delayed  when  the  loading 
gang  could  not  get  out  of  the  way  quickly  enough.  To  put 
in  a  switch  and  lay  a  temporary  track  is  a  small  item  of 
e.Kpense  compared  to  the  cost  of  working  under  such  con- 
ditions, yet  similar  situations  arise  time  and  again.  Very 
often  this  is  because  the  laying  of  a  temporary  track 
would  appear  on  the  expense  report  as  rather  a  large  item, 
while  the  continued  drain  due  to  delays  is  so  spread  out 
that  it  is  not  apparent  in  the  engineer's  reports,  although 
in  the  aggregate  it  amounts  to  much  more. 

2.  Never  unload  cars  on  a  wye  track  or  on  an  operated 
siding. 

3.  Never  unload  material  into  a  borrow  pit  or  from  a 
high  fill.  This  not  only  increases  the  cost  of  reloading. 
but  in  the  unloading,  serious  damage  to  the  material  is 
apt  to  result.  It  may  be  noted  that  whenever  possible  the 
unloading  of  material  should  be  under  the  direction  of 
someone  who  will  also  be  responsible  for  checking  and  re- 
loading it. 

Of  course  in  the  construction  of  mountain  roads  it  is 
sometimes  impossible  to  observe  the  rules  stated  above, 
but  in  level  country  an  economical  material  yard  can 
easily  be  planned  and  quickly  and  cheaply  carried  out. 

The  general  plan  of  the  yard  must  be  made  to  suit  the 
locality.  The  number  of  tracks  and  their  length  will  nec- 
essarily depend  both  upon  the  amount  of  material  to  be 
handled  and  the  yard  limitations  as  to  size  and  shape.  It 
!s  convenient  to  have  material  tracks  "open  at  both  ends," 
but  if  spur  tracks  must  be  used,  as  is  generally  the  case, 
the  switch  should  be  at  the  end  of  the  spur  opposite  in 
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direction  to  the  road  which  is  being  built.  Thus,  if  the 
road  is  being  extended  westward,  the  switch  should  be 
at  the  east  end  of  the  spur.  Then  the  material  cars  are 
always  ahead  of  the  engine,  which  is  the  arrangement 
necessary  in  track  laying.  A  bumper  should  be  placed  at 
the  end  of  each  spur  as  much  time  may  be  lost  if  a  car 
is  shoved  off  the  end  of  the  track.  A  cribbing  made  of 
6  or  8  ties  and  filled  with  earth  can  be  built  in  a  few 
minutes  and  serves  the  purpose  very  well. 

There  should  be  a  slight  down  grade  from  the  end  of 
the  spur  toward  the  switch,  and  a  considerable  e.xpense 
for  grading  to  secure  this. will  be  amply  repaid,  as  a  large 
number  of  cars  can  be  handled  by  a  small  loading  gang 
without  the  assistance  of  an  engine.  If  the  grade  happens 
to  slope  the  other  way,  an  engine  may  be  needed  every 
time  a  car  is  moved. 

The  track  itself  can  be  laid  very  quickly.  Two  bolts  to 
a  joint  are  sufficient  and  only  enough  ties  need  be  used  to 
keep  the  rails  from  being  bent.  About  12  ties  to  a  rail 
will  generally  be  sufficient  and  very  little  surfacing  is 
required. 

The  proper  distribution  of  the  various  kinds  of  material 
in  the  yard  is  the  next  question  to  be  considered,  as  all 
the  rare  exercised  in  getting  the  tracks  just  right  will  be 
wasted  unless  good  judgment  be  used  in  the  placing  of  the 
material,  especially  that  which  goes  into  the  track. 

The  largest  single  item  will  be  the  crossties,  and  in  fact 
the  space  occupied  by  the  ties  is  generally  much  more  than 
that  needed  for  all  the  rest  of  the  material  put  together. 
If  the  yard  consists  of  several  tracks  then  a  number  of 
them  may  be  used  only  for  ties,  but  if  there  is  only  one 
spur  then  the  best  place  for  the  ties  is  at  the  end  of  the 
track  furthest  from  the  switch.  Plenty  of  room  should  be 
reserved  for  all  the  ties  that  may  be  in  the  yard  at  any 
one  time.  Most  roads  have  specifications  for  piling  ties 
at  the  mills  which  may  well  be  followed  in  the  material 
yards  if  there  is  room.  These  specifications  differ  with 
different  roads,  but  the  object  desired  in  any  case  is  the 
proper  seasoning  of  the  ties.  A  common  way  of  piling 
them  is  crib  fashion  with  one  layer  parallel  to  the  track 
and  the  next  one  at  right  angles  to  it. 

There  should  be  about  1  in.  of  space  between  each  two 
ties,  and  the  two  end  ties  should  be  set  on  edge  while  the 
intermediate  ties  are  laid  flat.  This  allows  the  circulation 
of  air  about  the  ties.  The  piles  should  not  be  built  higher 
than  a  man  can  reach  while  standing  on  the  ground,  as 
the  difficulty  and  time  required  for  piling  increase  very 
fast  if  the  piles  get  too  high.  For  protection  from  rain 
the  top  layer  of  ties  should  be  laid  close  together,  with  an 
extra  tie  under  one  edge  to  give  the  roof  a  pitch.  Not 
more  than  two,  or  at  most,  three  ties  should  be  in  contact 
with  the  ground  for  these  are  liable  to  decay  if  the  piles 
remain  long  on  moist  ground.  If  possible  there  should  be 
at  least  2'^, -2  ft.  of  clear  space  about  each  pile,  to  aid  the 
circulation  of  air  and  also  to  facilitate  handling  and  in- 
spection. All  dead  leaves  or  other  inflammable  material 
should  be  removed  from  about  the  tie  piles. 

Every  carload  of  rails  sent  to  the  front  should  include 
the  necessary  angle  bars,  bolts,  nutlocks,  spikes,  etc.,  and 
the  rails  and  fastenings  should  be  stored  with  this  idea  in 
view.  The  rails  should  be  piled  at  the  opposite  end  of  the 
spur  from  the  switch,  or  next  to  the  ties  if  they  are  on  the 
same  track.  Cross-ties  make  a  good  foundation  for  the 
rail  piles;  there  are  generally  plenty  of  them  at  hand,  and, 
as  a  rule,  they  are  not  badly  damaged  by  this  use. 

One  method  of  making  a  foundation  is  to  place  three  or 
four  rails  perpendicular  to  the  tracks,  supporting  each 
rail  upon  ties  laid  lengthwise.  This  requires  the  fewest 
ties,  but  with  this  arrangement  they  have  a  tendencv  to 
turn  over  and  let  the  rails  slide  off.  A  better  foundation 
is  secured  by  laying  the  ties  perpendicular  to  the  rails, 
as  they  are  in  the  track.  This  takes  more  ties,  but  that  is 
not  a  serious  objection.  Enough  care  should  be  used  in 
smoothing  off  the  ground  to  keep  the  ties  from  being 
broken.  The  rails  should  be  piled  parallel  to  the  track, 
except  for  the  three  supporting  rails  between  each  two 
layers.  Camp,  in  "Notes  on  Track,"  mentions  an  instance 
in  which  every  other  layer  of  rails  was  at  right  angles  to 
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the  track,  but  it  is  hard  to  believe  that  any  one  but  a 
lunatic  would  use  such  a  system. 

If  30-ft.  skid  rails  are  used,  four  men  can  handle  rails 
fairly  well,  but  if  short  skids  are  used,  more  men  will  be 
needed  for  loading.  On  the  other  hand,  the  larger  gang 
with  the  short  skids  will  work  faster  because  the  piles  are 
closer  to  the  track.  Probably  the  small  gang  and  long 
skids  is  the  more  economical  method.  About  a  foot  of  the 
web  and  flange  at  one  end  of  each  skid  rail  should  be  cut 
away  and  the  ball  of  the  rail  bent  over  so  that  it  can  be 
hung  in  the  stake  pockets  on  the  cars.  This  simple  ar- 
rangement keeps  the  skids  securely  in  place  and  at  the 
same  time  obviates  the  necessity  of  lifting  each  rail  over 
the  projecting  ends  of  the  skids  as  it  is  taken  from  the  car. 
The  skids  should  be  kept  well  greased,  but  not  by  the  too 
common  method  of  taking  oily  waste  from  the  car  jour- 
nals, giving  the  skid  rails  a  few  rubs  with  it,  and  then 
putting  it  back  in  the  journal-box. 

The  short  rails  should  be  in  a  pile  by  themselves  on  the 
switch  side  of  the  other  rail  piles,  and  on  one  side  of  the 
pile  the  ends  of  the  rails  should  be  in  an  even  line,  leav- 
ing all  the  difference  in  length  at  the  other  side.  When 
this  is  done,  a  man  can  take  a  6  or  8-ft.  stick  with  notches 
cut  at  each  foot  and  by  walking  along  one  side  of  the  pile 
can  check  the  lengths  of  the  rails  at  any  time.  If  this 
simple  rule  is  disregarded  it  is  practically  impossible  to 
check  the  rails  after  they  are  in  the  pile. 

The  frogs  and  other  switch  maierial  should  be  piled 
next  to  the  rails,  and  enough  time  and  space  should  be 
used  to  keep  the  right-hand  and  left-hand  frogs,  as  well 
as  those  of  different  types  and  numbers,  piled  separately. 
When  a  certain  frog  is  needed  it  should  never  be  neces- 
sary to  take  it  from  the  bottom  of  a  pile. 

The  angle  bars  should  come  next  after  the  switch  ma- 
terial and  can  be  conveniently  piled  up  crib  fashion  so  as 
to  be  easily  checked  over  at  any  time. 

When  tie  plates  are  used  it  is  often  convenient  to  pile 
them  near  the  switch  material  and  angle  bars.  They  can 
be  kept  off  the  ground  by  a  rough  flooring  of  ties.  The 
joint  tie  plates  should  be  kept  separate  from  the  interme- 
diate plates  when  they  are  of  a  different  design.  Tie 
plates  come  wired  together  in  bunches,  but  so  many  of 
the  wires  break  in  unloading  rhat  it  is  practically  impos- 
sible to  pile  them  so  that  they  can  be  accurately  checked 
in  the  piles  without  complete  rehandling. 

Spikes   and  bolts   are  very  difficult  to  handle  without 
breaking  the  kegs.    To  reduce  the  breakage  to  a  minimum, 
a  platform  should  be  built  about  half  as  high  as  a  car 
floor  and  the  kegs  unloaded  onto  this.     Such  a  platform 
can  be  easily  made  by  cribbing  up  ties  with  a  layer  of  ties 
over  the  cribbing  for  a  floor.     This  platform  should  be 
juit  below  the  angle  bars.     It  should  be  borne  in  mind 
that  these  kegs,  like  everj-thing  else  in  the  yard,  may  have 
to  be  checked  over  from  time  to  time  and  so  should  be 
piled  in  even  rows,  with  the  same  number  of  kegs  in  each 
row,  and  the  spikes  and  bolts  should  be  carefully  sep- 
arated.    If  there  are  different  sizes  of  spikes  and  bolts 
these  different  sizes  should  also  be  kept  separate  and  each 
keg  should  be  set  down  with  the  labeled  end  up  so  that 
it  will  never  be  necessary  to  turn  a  keg  over  to  see  what 
it  contains.    Anyone  who  has  ever  spent  a  few  hours  turn- 
ing over  200-lb.  bolt  kegs  can  readily  appreciate  the  de- 
sirability of  this  precaution.    Nutlocks  come  in  boxes  and 
can  be  piled  with  the  spikes  and  bolts.     In  case  there  is 
a  probability  of  much  rain  or  snow,  the  platform  should 
be  covered  with  a  rough  shed  of  some  kind.    There  is  gen- 
erally material  for  cattle  guards,  road  crossings,  forms, 
etc.,  which  can  be  temporarily  used  for  this  purpose  with- 
out being  seriously  injured. 

The  lumber  for  small  structures,  and  other  miscellane- 
ous material  can  be  piled  between  the  keg  platform  and 
the  switch,  as  this  distance  should  be  from  200  to  400  ft. 
if  possible. 

If  there  is  a  great  deal  of  bridge  material,  or  material 
for  large  buildings,  it  should  be  stored  on  a  different  spur 
from  that  occupied  by  the  track  material,  because  these 
different  classes  of  material  are  apt  to  be  handled  at  the 
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same  time  by  different  loading  gangs  and  nothing  should 
be  allowed  to  delay  the  forwarding  of  the  track  material. 

Now  that  the  yard  is  all  arranged,  we  shall  see  how  the 
system  works  out.  Going  from  the  end  of  the  spur  down 
grade  to  the  switch  we  have  first  (considering  only  track 
material)  the  place  for  the  ties,  then  the  rails,  then  the 
frogs  and  other  switch  material,  then  the  angle  bars  and 
tie  plates,  and  finally  the  spikes,  bolts  and  nutlocks.  Sup- 
pose the  first  consignment  of  material  is  six  carloads  of 
rails.  The  cars  will  be  pushed  in  on  the  spur  until  the 
one  first  out  is  just  opposite  the  rail  pile  nearest  the 
switch.  Suppose  that  there  are  only  three  piles  of  long 
rails  on  each  side  of  the  track.  Then  when  the  first  three 
cars  are  unloaded  they  are  very  easily  dropped  down  ine 
track  toward  the  switch  and  the  three  loaded  cars  are 
dropped  down  opposite  the  rail  piles.  With  the  assi-stance 
of  the  slight  grade  one  man  with  a  pinch  bar  can  move  a 
car  load  of  rails  as  fast  as  he  can  walk  and  there  is  a 
very  slight  delay  to  the  loading  gang  while  shifting  cars. 
Other  material  is  handled  in  the  same  manner  and  all  that 
is  necessary  is  to  see  that  the  cars  are  spotted  in  the  right 
place  when  they  are  first  set  in  on  the  spur. 

The  real  advantage  of  the  system  is  shown  when  mate- 
rial is  being  loaded  to  send  to  the  front.  The  man  in 
charge  of  the  yard  should  have  a  copy  of  the  alignment, 
notes  of  the  track  under  construction  and  should  know 
every  night  where  the  end  of  track  is.  With  this  informa- 
tion he  can  make  up  his  trains  and  send  out  material  to 
fit  the  track  where  it  is  to  be  used. 

The  first  thing  for  him  to  do  is  to  curve  the  rails  to 
fit  each  curve  in  the  line,  including  just  the  right  number 
of  short  rails  to  keep  the  joints  properly  spaced.  For  this 
work  a  rail  curving  machine  is  used  which  is  operated  by 
a  long  lever  turned  capstan-like  by  ten  or  twelve  men.  As 
the  lever  is  turned  the  machine  travels  along  the  rail, 
which  is  curved  as  the  machine  passes  over  it.  This  is  a 
slow,  expensive  process  and  horse-power  sometimes  has 
been  substituted.  The  machine  was  securely  anchored  and 
the  rails  were  drawn  through  it  by  a  horse,  a  block  and 
tackle  being  used  in  the  operation.  Only  three  men  were 
needed,  including  the  driver,  and  the  process  was  found  to 
be  cheaper  and  quicker  than  the  usual  method.  Horse- 
power was  also  tried  for  loading  the  rails,  but  was  not 
successful.  In  curving  rails  the  mistake  of  curving  them 
to  the  right  for  curves  to  the  left,  and  vice-versa,  should 
be  avoided,  as  it  is  very  inconvenient  to  turn  them  end  for 
end. 

When  everything  is  ready  for  the  track  laying  to  begin 
a  number  of  empty  cars  are  set  in  on  the  spur  and 
pushed  up  to  the  end,  with  the  car  first  out  opposite  the 
rail  piles  as  in  unloading.  Assume  that  80  rails  are 
loaded  on  the  first  car.  Then  if  track  laying  begins  at 
Sta.  0  +  00  this  load  will  reach  about  to  Sta.  13  +  20.  If 
Sta.  6  +  60  is  the  P.  C.  of  a  curve,  then  forty  rails  curved 
to  the  proper  degree  must  be  put  on  the  car  first  and  then 
forty  straight  rails,  as  the  latter  must  be  unloaded  first 
at  the  front.  The  man  in  charge  of  the  loading  must  fig- 
ure out  to  exactly  what  station  each  carload  of  rails  will 
reach  and  load  accordingly,  figuring  backwards  each  time, 
because  the  first  rails  put  on  the  car  will  be  the  last  ones 
taken  off  and  put  in  the  track. 

As  each  car  is  loaded  with  the  proper  rails  it  is  dropped 
down  opposite  the  angle  bars  and  two  of  these  are  put  on 
for  each  rail.  If  there  are  no  switches  or  tie  plates  to  go 
on,  the  next  stop  is  the  keg  platform  where  the  proper 
number  of  spikes,  bolts  and  nutlocks  are  added  to  the  load. 
Everything  is  now  on  the  car  to  be  used  between  the  sta- 
tions'covered  by  that  load,  and  the  car  is  dropped  down  to 
the  switch  to  be  taken  out  by  the  work  train.  If  more 
than  one  car  is  taken  out  at  a  time,  then  the  whole  train, 
as  well  as  the  separate  cars,  must  be  loaded  backwards  ;i 
for  the  last  car  loaded  in  any  train  will  be  the  first  one! 
unloaded  at  the  front.  Switches  and  tie  plates  will  be' 
sent  out  as  needed  and  it  is  often  convenient  to  send  out 
cattle  guards,  etc.,  with  the  loads  destined  for  the  sta- 
tions where  the  cattle  guards  go,  though  these  are  usually 
put  in  after  the  track  is  all  finished. 

Suppose  enough  cars  have  been  loaded  to  keep  the  track 
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layers  busy  for  half  a  day.  Before  7  a.  m.  the  work  train 
takes  the  loaded  cars  out  of  the  yard  so  that  they  will  be 
at  the  front  in  time  to  begin  work.  The  train  is  kept  busy 
while  the  track  gang  is  at  work,  but  during  the  noon  hour 
it  runs  back  to  the  yard,  take?  out  a  fresh  batch  of  loads 
and  sets  the  empties  in  on  the  spur.  This  operation  is  re- 
peated at  night,  or  early  in  the  morning,  and  in  this  way 
one  train  does  all  the  necessary  switching,  both  in  the 
yard  and  at  the  front,  without  the  slightest  delay  to  either 
gang.  It  is  only  the  grade  of  the  material  track  and  the 
proper  placing  of  the  material  that  have  made  this  ef- 
ficient operation  possible. 

Nothing  has  been  said  yet  about  forwarding  the  ties. 
These  are  sometimes  distributed  from  wagons,  some  dis- 
tance ahead  of  the  steel  gang,  otherwise  a  car  of  ties  is 
sent  out  with  each  car  of  rails. 

Of  course  it  is  the  track  material  that  must  be  for- 
warded with  the  greatest  speed  and  regularity,  and  there 
is  not  much  to  be  said  about  the  handling  of  other  things. 
A  locomotive  crane  is  ahvays  useful  about  a  large  yard, 
and  it  is  practically  indispensable  where  bridge  steel  is 
to  be  handled.  It  can  also  be  used  to  advantage  in  load- 
ing rails  and  ties. 

The  methods  outlined  above  apply,  of  course,  principally 
to  cases  where  a  track-laying  machine  is  not  used. 
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formation,  and  the  walls  of  the  docks  are  of  reinforced 
concrete,  it  is  necessary  to  dig  without  the  aid  of  blast- 
ing or  crushing.  The  dipper  is  handled  by  a  90-ton  hoist- 
ing chain,  which  has  to  be  removed  about  every  2'^rj.  or 
3  months. 


WELDING  A  DREDGE  DIPPER. 

A  difficult  welding  operation  on  a  dredge  dipper  was 
carried  out  recently  by  P.  E.  Rosselle  of  the  Florida  East 
Coast  Ry.  The  weld  was  made  for  the  dredge  Grampus. 
The  fracture  in  the  dipper  extended  across  the  entire 
mouthpiece  and  as  the  extra  dipper  was  out  of  commis- 
sion it  was  necessary  to  make  the  repairs  as  quickly  as 
possible  so  as  not  to  delay  the  dredging.     The  weld  was 


THAWING  FROZEN  GRAVEL. 

Marked  reduction  in  the  cost  of  thawing  frozen  gravel 
in  the  Klondike  District  has  been  brought  about  by  the 
use  of  hot  w^ater  instead  of  steam.  In  an  article  in  the 
Sibley  Journal  of  Engineering  for  September  Dr.  Henry 
M.  Payne  states  that  during  the  season  of  191.5,  by  the 
employment  of  hot  water  and  other  improvements,  the 
amount  thawed  per  thawing  point  was  increased  265  per 
cent;  the  time  required  to  drive  the  points  was  decreased 
50  per  cent;  the  average  net  thawing  period  was  de- 
creased 50  per  cent;  the  fuel  consumption  per  unit  thaw-ed 
was  decreased  65  per  cent;  and  the  number  of  points  used 
per  unit  area  (and  consequent  labor-saving  in  driving 
and  pulling)  was  70  per  cent. 

During  the  past  four  years  a  systematic  study  of  the 
thawing  problem  has  been  conducted  by  Dr.  Payne,  and 
the  whole  process  has  been  reduced  to  a  scientific  basis. 

The  actual  temperatures,  specific  heats  and  specific 
gravities  of  the  materials  to  be  thawed  have  been  defi- 
nitely determined  and  several  interesting  physical  charac- 
tesistics  discovered,  as,  e.  g.,  it  was  found  that  after 
reaching  frost  line  the  temperature  drops  within  the 
next  few  inches  to  the  mean  temperature  of  the  mass,  de- 
pending solely  on  the  nature  of  the  material,  and  not  on 
its  depth  or  on  water  level. 

The  steam  points,  instead  of  being  driven  in  rectangular 
arrangement,  are  staggered  in  triangular  lay-out,  thereby 


Thermit  Appliance 


Position    for   Welding. 


made  without  removing  the  mouthpiece,  which  necessi- 
tated working  in  very  close  quarters. 

The  weld  was  made  by  the  Thermit  process.  The  frac- 
ture was  first  cut  out  with  oxy-acetylene  gas,  leaving  a 
space  about  1  in.  wide.  This  was  done  in  order  that  the 
thermit  would  have  a  free  flow  and  the  parts  to  be  welded 
would  be  brought  to  the  melting  point.  The  pattern  was 
made  of  beeswax,  3  lb.  of  that  material  being  used  for 
this  purpose.  The  weld  box  was  made  of  14-in.  steel. 
The  molding  material  consisted  of  equal  parts  of  fire  clay, 
clean,  sharp  sand  and  crushed  fire  brick.  The  fire  brick 
was  crushed  in  a  large  pan  of  1/16  in.  sheet  steel  made 
to  fit  the  bottom  die  of  the  steam  hammers.  The  Gold- 
schmidt  Thermit  Co.'s  gasoline  heater  was  used,  and 
while  the  preheating  was  going  on  the  crucible  was  set  in 
place  and  charged  with  the  exception  of  the  ignition  pow- 
der. Seventy-five  pounds  of  railroad  theiTnit  was  used 
for  the  weld.  After  the  weld  was  made  it  was  left  over 
night  to  cool.  The  pouring  gates  and  risers  were  cut  off 
with  acetylene. 

This  is  the  third  thermit  weld  that  has  been  made  in 
the  dipper;  the  first  two  fractures  w^ere  16  in.  and  8  in. 
The  dredge  Grampus  is  working  in  30  ft.  of  water  at  the 
ocean-going  ferry  and  steamship  docks  at  Key  West,  Fla., 
and  as  the  bottom  is  an  almost  solid  mass  of  coral  rock 


Finished  Weld. 


reducing  the  theoretical  unthawed  segment  between  the 
thawed  cylinders  of  ground,  or  the  correspondingly  neces- 
sary overlap  to  completely  thaw  the  area. 

Experiments  were  carried  on  with  hot  water  as  a 
thawing  medium  instead  of  steam,  the  points  being  driven 
at  varying  distances  and  depths,  and  left  for  various  pe- 
riods and  then  withdrawn,  and  excavations  made  to  as- 
certain their  efficiency. 

The  great  loss  from  condensation  of  steam  was  imme- 
diately corrected  by  this  method,  although  the  quantity 
of  water  required  is  3.6  times  as  much  as  for  steam  at 
the  same  pressure,  the  boilers  being  supplied  by  injectors 
and  the  pipe  line  being  connected  with  the  blow-off  pipe. 

The  next  steps  were:  The  substitution  of  an  Ingersoll- 
Rand  drill  bit  point  for  the  ordinary  one  on  the  steam 
point;  the  design  and  construction  of  a  movable  anvil  to 
fit  over  the  steam  pipe  at  convenient  driving  height  above 
the  ground,  eliminating  the  moving  and  climbing  of  lad- 
ders at  each  point  while  driving:  the  use  of  three-way 
connections  on  steam  lines;  and  of  standard  pipe  lengths 
and  train-line  couplings  in  place  of  rubber  hose. 

Eventually  the  thawing  point  was  driven  to  bedrock  at 
one  driving,  and  thawing  started  from  the  bottom  up,  in- 
stead of  the  reverse,  as  had  always  formerly  been  the 
case. 
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HINTS  FOR  TRUCKING  CONTRACTORS. 


Many  appliances  and  devices  are  used  on  motor  trucks 
or  in  connection  with  them  to  expedite  the  handling  of 
loads.  These  devices  fall  roughly  under  three  heads:  (1) 
Those  that  assist  loading;  (2)  those  that  increase  carry- 
ing, and  (3)  those  that  expedite  unloading.  The  truck 
owner  or  prospective  owner  b>  observing  what  others  in 
the  same  line  of  business  have  done  can  determine 
whether  or  not  he  can  use  similar  devices  in  his  own  work. 
On  a  succeeding  page  sketches  are  shown  of  24  devices 
or  appliances.  The  illustrations  are  reproduced  from  a 
booklet,  "Devices  that  Make  for  Motor  Truck  Efficiency," 
which  is  reprinted  from  "Motor  Trucks  of  America," 
published  by  the  B.  F.  Goodrich  Co.,  Akron,  0.  The  te.xt 
of  the  article  also  has  been  taken  from  the  above  men- 
tioned publication. 

Figure  1  shows  a  demountable  body  suspended  from 
chains  ready  to  load.  The  Curtis  Publishing  Co.  uses  the 
device  for  hauling  mail  sacks  from  its  plant  to  the  rail- 
road station.  The  bodies  cost  $16.5  each,  and  by  their  em- 
ployment in  connection  with  four  trucks  the  company 
made  a  gain  of  14  tons  a  day  in  haulage. 

Figure  2  shows  a  device  used  in  a  Los  Angeles  lumber 
yard.  While  the  truck  is  out  delivering  a  hand  cart  is 
pushed  round  the  yard  and  the  next  order  is  assembled 
upon  it.  The  hand  cart  is  then  run  under  a  traveling 
crane  and  the  load  is  hoisted  from  the  truck  by  chains 
which  are  fastened  to  two  iron  bars.  The  load  is  then 
elevated  so  that  the  truck  can  readily  pass  under  it,  and 
when  this  is  done  the  load  is  released  and  the  driver  is 
ready  to  start. 

The  nest  or  sectional  bookcase  body  is  shown  in  Fig.  .3. 
This  is  really  a  skeleton  for  use  inside  the  regular  body 
of  the  truck.  The  nest  body  is  divided  into  divisions,  each 
one  capable  of  receiving  a  uniform  bin  or  section.  These 
sections  are  loaded  at  different  parts  of  the  store  and  are 
then  placed  in  the  nest  which  is  then  ready  to  be  rolled 
onto  the  body  of  the  truck  when  it  backs  up  for  its  load. 

A  further  modification  of  the  demountable  body  idea  is 
found  in  the  use  of  individual  trunks  or  bins  (Fig.  4). 
These  trunks  are  made  of  fibre  and  are  packed  accord- 
ing to  the  route  throughout  the  store  and  sent  to  the  de- 
livering room.  Fig.  5  shows  the  telpherage  system  or  over- 
head track  used  for  handling  these  hampers.  Fig.  6  shows 
the  escalators  used  in  many  department  stores  for  bulky 
freight. 

Figure  7  shows  a  type  of  hand  truck  capable  of  elevat- 
ing the  load  and  thus  expediting  the  handling  of  heavy 
material.  A  power  driven  industrial  truck  is  shown  in 
Fig.  8.  These  have  a  carrying  capacity  up  to  2  tons  and 
are  capable  of  negotiating  the  abrupt  grades  often  met 
with  in  moving  materials  at  docks  or  terminals.  On  level 
floors  they  are  used  to  pull  long  trains  of  hand  trucks 
hitched  together. 

A  roller  gravity  conveyor  is  shown  in  Fig.  9.  This  is 
used  for  loading  small  and  uniform  units  upon  trucks 
where  the  nest  body  or  trunk  system  is  not  applicable. 
The  gravity  conveyor  is  made  long  enough  so  that  it 
reaches  from  the  shipping  dock  to  a  point  just  behind 
the  driver's  seat,  and  when  the  forward  end  of  the  truck 
has  been  packed  the  conveyor  is  withdrawn  a  correspond- 
ing distance. 

Figure  10  shows  a  power  winch  used  for  loading  very 
heavy  and  rough  materials.  This  is  usually  situated  near 
the  rear  of  the  chasses  and  is  operated  by  the  motor  with 
a  suitable  reduction  of  gears.  A  long  cable  is  used  in  con- 
nection by  means  of  which  any  object  of  a  size  approxi- 
mating the  capacity  of  truck  can  be  hauled  bodily  into  it. 
The  winch  also  is  of  use  in  extricating  trucks  when  mired. 
The  portable  crane  (Fig.  11)  is  another  loading  device,  sep- 
arate from  the  truck,  used  in  lifting  heavy  material. 

Figure  12  shows  an  appliance  used  for  loading  a  truck 
from  a  pile  lying  on  the  ground.  This  device  has  the  ad- 
vantage of  being  portable  and  can  be  set  up  without  much 
trouble.     A  bin  unloader  is  shown  in  Fig.  13,  and  a  side 
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unloader  for  handling  coal  or  broken  stone  from  cars  .is 
shown  in  Fig.  14. 

Figure  1.5  illustrates  a  type  of  body  devised  by  J.  E. 
Mitchell  of  Galveston  for  loading  bales  of  cotton  on  a 
motor  truck.  The  special  feature  of  this  body  consists 
of  the  two  side  rails  of  12-iu.  board  which  extend  the 
length  of  the  truck.  As  these  rails  are  left  a  foot  from 
the  ground  it  is  possible  to  load  bales  on  them  from  hand 
trucks  without  lifting  the  cotton.  The  bales  are  up-ended 
on  this  rail  and  are  further  supported  by  the  body  proper, 
the  sides  of  which  slope  like  a  blunted  triangle.  It  is  not 
necessary  to  rope  on  the  bales. 

Figure  16  shows  a  trailer  and  Fig.  17  illustrates  a  trac- 
tor hauling  a  41-ton  load.  The  tractor  semi-trailer  prin- 
ciple is  illustrated  in  Fig.  18.  Fig  19  shows  a  loaded  4- 
wheel  drive  truck  climbing  steps  and  Fig  20  is  a  sketch 
of  a  4-wheel  drive  tractor. 

An  arrangement  for  elevating  the  load  before  dumping 
is  shown  in  Fig.  21.  This  is  accomplished  by  means  of  a 
power  hoist  located  midway  on  the  chassis,  which  is  driven 
by  the  motor  operated  with  a  leverage  on  front  of  beam 
which  hoists  the  load  bodily  in  the  air  and  at  such  an 
angle  that  no  further  dipping  is  required  to  cause  it  to 
dump.     This  is  of  special  use  to  dealers  in  coal. 

Figure    22    shows    a     sideway    dump    body    mounted 
on    a    chassis.    A    further    development    of    this    dump 
is     to     divide     the     body     lengthwise     into     two     com- 
partments    which     permits     dumping      half     the     load 
to  the  left  and  half  to  the  right.     For  such  uses,  for  in- 
stance, as  delivering  coal  into  sidev.'alk  holes  an  arrange- 
ment has  been  devised  as  shown  in  Fig.  23.    The  body  is  ' 
built  with  a  gravity  pitch  and  hopper  bottom  and  is  ele- 
vated with  four  corners  by  four  standards,  which  are  op- 
erated by  the  motor.    When  the  chute  is  in  place  the  body  ■ 
empties  itself  at  the  rate  just  suited  to  the  rather  limited  i 
sidewalk  hole.     For  unloading  heavy  objects  that  cannot  j 
be  dumped  a  crane  is  mounted  on  the  truck  as  indicated 
in  Fig.  24.     This  crane  is  particularly  useful  for  unload- 
ing heavy  and  bulky  objects  which  could  not  be  managed  , 
except  by  a  large  gang  of  men.     Heavy  sewer  pipe  and  j 
iron  castings  come  under  this  head,  also  large  blocks  of 
marble  that  have  to  be  handled  and  set  down  with  much 
care.  i 

In  connection  with  terminal  delays  one  of  the  best  sug-j 
gestions  that  has  yet  been  made  is  the  following:  A  type 
of  standard  body  is  made  which  will  fit  any  3  to  5-ton 
chassis.  These  bodies  are  of  uniform  size  and  uniform 
value  and  are  interchangeable.  The  terminal  companies 
suspend  these  bodies  from  chain-falls,  and  when  a  truck 
arrives  equipped  with  one  of  these  standard  bodies,  with  a 
load  that  would  naturally  take  a  considerable  time  or  at 
any  rate  suffer  a  delay  in  the  loading,  that  truck  is  per- 
mitted to  leave  its  loaded  body  at  the  terminal  and  take 
back  an  empty  standard  body  in  place  of  it. 


Water  Works  and  Purification  Plants  Statistics. — Ac- 
cording to  the  recently  issued  report  "General  Statistics 
of  Cities,  1915,"  of  tfie  U.  S.  Census  Bureau,  of  the  204 
cities  having  more  than  30,000  inhabitants  in  the  fiscal 
year  1914-15,  155  or  76  per  cent,  owned  their  water  supply 
systems.  Seventy-three  of  these  cities  were  operating 
purification  plants  in  that  year,  and  of  this  number  61  had 
either  built  or  improved  and  enlarged  their  plants  since 
1903.  During  this  same  period  there  has  been  through- 
out the  country  a  remarkable  decrease  in  the  death  rate 
due  to  typhoid  fever.  Although  this  decrease  has  taken 
place  in  both  urban  and  rural  localities,  it  is  noteworthy 
that  in  most  of  the  large  cities  which  have  recently  built 
or  improved  and  enlarged  their  purification  plants  the 
decline  has  been  greater — in  some  cases  very  much  great- 
er— than  the  average  decline  elsewhere.  For  example  in 
Cleveland  the  typhoid  death  rate  fell  from  111  per  100,000 
population  in  1903  to  8.1  in  1914;  in  Philadelphia,  from 
72.3  to  7.6;  in  Pittsburgh,  from  132.7  to  15;  in  Cincinnati, 
from  42.2  to  6.2;  in  Chicago,  from  32.5  to  6.6;  in  St.  Louis, 
from  52.6  to  12;  in  Washington,  D.  C,  from  48.5  to  11.9; 
in  Minneapolis,  from  41.1  to  12.5;  and  in  New  York  City, 
from  17.1  to  6.3. 
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AN     ECONOMICAL     DEVICE     FOR    SPREADING 
ROCK  OR  GRAVEL  BALLAST. 

Contributed    by    Clifford    A.    Elliott.    Cost    Engineer,    Maintenance    of 
Way  Department,  racific  Electric  Railway  Co.,  Los  Angeles,   Cal. 

The  Pacific  Railway  Co.  in  Southern  California  op- 
erates 1,000  miles  of  electric  interurban  lines,  radiat- 
ing in  all  directions  from  Los  Angeles,  some  lines  ex- 
tending 65  to  70  miles  in  one  direction.  If  a  ballast  plow 
were  maintained  in  service  it  would  cause  the  work  to 
be  carried  on  disadvantageously,  as  transportation  of 
such  equipment  through  large  cities,  from  one  line  to 
another,  is  not  always  permissible  on  account  of  restric- 
tive ordinances.  Consequently,  to  meet  with  economic 
measures  and  have  standard  means  for  expeditious  per- 
formance of  the  work,  the  ballast  shoe  shown  by  the 
drawing  has  been  designed.  It  is  fabricated  in  the  com- 
pany's shops,  1-in.  steel  being  used  in  its  construction, 
as  steel  of  lesser  thickness  will  not  satisfactorily  stand 
up  under  the  strain  of  the  load. 

The  ballast  shoes  when  placed  on  the  rails  permit  a  work 
motor  to  push  the  front  wheels  of  the  car  trucks  up  onto 
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Device   for   Spreading    Ballast   for    Electric    Railway 

the  treadway,  as  shown.  Three  standard  length  ties  are 
then  placed  one  on  top  of  the  other;  one  rides  upon  the 
rails  and  the  other  two  are  affixed  on  extending  arms 
made  a  part  of  the  shoe,  as  shown.  Thus  the  ties  form 
the  desired  barrier  for  spreading  the  ballast.  Hicks' 
standard  center  dump  ballast  cars  have  proceeded  and  dis- 
tributed the  rock;  then  same  motor  and  empty  cars  return 
and  spread  the  ballast,  thereby  economizing  on  work 
train  service  and  avoiding  tie-ups  to  the  usual  frequent 
service  operated  on  electric  lines.  This  device  is  su- 
perior to  a  method  sometimes  adopted  by  other  roads  of 
taking  a  work  motor  and  one  car,  locking  the  car  wheels 
and  placing  a  barrier  of  ties  in  front  and  shoving  car 
over  the  rails.  This  practice  almost  invariably  results 
in  flattened  wheels,  due  to  some  extent  to  the  finer  rock 
or  gravel  accumulating  on  rails.  With  use  of  ballast 
shoes  this  is  impossible. 

Each  shoe  weighs  approximately  85  lb.  and  is  very 
cheap  to  provide.  It  is  fair  to  estimate  that  the  shops 
of  any  company  can  make  the  shoes  for  $18  or  $20  a  pair, 
when  the  price  of  steel  is  normal.  Their  weight  makes 
them  easy  to  handle;  therefore  the.v  can  be  transferred 
very  readily  from  one  point  to  another  on  the  line,  or 
exchanged  between  divisions.  Another  point  of  impor- 
tance is  the  guiding  wing  to  secure  the  shoe  to  the  rail 
and  eliminate  chance  of  derailment. 

This  tool  has,  also,  proven  itself  invaluable  and  indis- 
pensable as  an  aid  to  economical  maintenance  where  the 
Pacific  Electric  Railway  Co.  has  a  considerable  mileage 
in  tracks  contiguous  to  the  Pacific  Ocean.  The  majority 
of  such  trackage  is  constructed  through  beds  of  ocean 
sand,  and  during  brisk  incoming  gales  from  the  ocean 
the  fine  sand  drifts  extensively,  burying  the  tracks  to 
such  extent  that  traffic  is  frequently  disrupted.  Nat- 
uraly,  prompt  removal  of  the  sand  is  essential.  Hand 
methods  are  slow,  costly,  and  tedious  for  this  purpose; 
therefore  the  ballast  shoes  are  utilized  in  the  same  man- 
ner as  in  spreading  ballast.  This  method  of  removing 
sand  will  accomplish  in  five  hours  what  it  would  take 
500  laborers  with  shovels  to  do  in  10  hours. 


COST  DATA  ON  HYDRAULICKING. 

There  is  a  wide  range  in  the  cost  of  hydraulic  mining. 
In  a  recently  issued  bulletin  of  the  U.  S.  Bureau  of  Mines 
it  is  stated  that  the  cost  may  range  from  2^i>  ct.  per  cu. 
yd.  in  California  under  exceptionally  favorable  circum- 
stances to  12  ct.  or  even  20  ct.  at  Atlin,  B.  C,  and  to  25 
ct.  or  more  in  Alaska,  according  to  the  conditions  of  op- 
eration, and  where  frozen  gravel  is  encountered  and 
where  it  is  necessary  to  elevate  the  gravel,  costs  fre- 
quently exceed  60  ct.  per  cubic  yard.  The  Bulletin  gives 
the  following  data  on  work  of  this  character.  The  first 
figures  are  for  a  hydraulic  mine  in  Northern  California. 

The  season  commenced  in  November,  1899,  and  ended 
the  last  of  July,  1900.  During  this  time,  655,657  miners' 
inches  (an  inch  equals  1,728  cu.  ft.  in  24  hours)  of  water 
were  used  for  piping,  and  for  sweeping  the  bedrock  at 
the  end  of  the  season.  From  actual  surveys,  this  amount 
of  water  washed  down  1,251,399  cu.  yd.  of  material,  con- 
sisting of  pay  gravel  lying  on  the  bedrock,  and  varying  in 
thickness  from  a  few  inches  to  8  it.,  and  practically  bar- 
ren top  material,  consisting  of  mountain  slide,  carrying 
considerable  broken  rock,  clay  and  soil.  The  banks  varied 
in  height  from  50  to  130  ft.,  the  average  height  being 
63  ft.  The  grade  of  the  sluices  was  7  in.  to  12  ft.,  the 
boxes  being  paved  with  block  riffles  12  in.  deep.  Long 
bedrock'  cuts  extended  from  the  heads  of  the  sluices  to 
within  a  few  feet  of  the  banks,  and  were  kept  practically 
to  grade  as  the  work  advanced.  At  first,  electric  drills 
were  used  on  this  work,  but  as  it  was  found  that  heavy 
blasting  shattered  the  rock  too  much,  and  caused  slips, 
these  drills  were  abandoned  and  hand  drilling  was  sub- 
stituted.    The  total  cost  was  made  up  as  follows: 

Total      Cosrt  per 
cost.        cu.  yd. 
Care  of  ditch,  reservoir  and  siphon:  Labor.  $2,670.99; 

supplies,   $115.55    $2,786.54     $0.0022.3 

Washing    (piping)    2,401.05         .00192 

Drilling    in    bediocli    cuts:     Hand    drilling,    $1,050.91; 

electric.    $209,62    1,320.53 


Timbering   bedrccl<    cuts    157.39 

Electric    lighting    • 59S.62 

Sluice  building  and  repairing:  Labor,  $1,045.70;  sup- 
plies,  .$35.50    1,081.20 

Blacksm. thing    644.02 

Cleaning  up    968.79 

Moving    pipes    and    giants S98.85 

Brealving  roclts  and  clay 6,124.91 

Clearing  ground  for  piping  (cutting  brush) 158.37 

Ceneral  expenses,  watching  sluices  and  odd  jobs....  3,088.69 

Supplies  used   in  mine •■  3,015.37 

Taxes,    office   exrenses,    siirvej'ing,    salaries 4,267.31 


.00105 
.00012 
.00047 

.00086 
.0005] 
.00077 
.00071 
.00490 
.00012 
.002511 
.00241 
.00341 


$27,511.64  $0.0219> 

The  best  known  hydraulic  mine  in  California,  and  the 
largest  now  operating  in  the  world,  is  La  Grange  mine  in 
Trinity  County.  The  operating  company  now  has  a  water 
system  of  29  miles  of  main  ditch,  flume,  tunnel,  and  si- 
phon, 7  miles  of  30-in.  water-pipe  line,  and  14  miles  of 
auxiliary  ditch  not  now  in  use.  This  is  supplied  with 
all  necessary  reservoirs  and  connections  for  bringing  the 
water  to  the  face  of  the  pit,  and  with  the  dam  at  the 
lower  lake  represents  an  outlay  of  approximately  $700,- 
000.  Twenty-eight  men,  including  the  boarding-house 
force,  are  employed  at  the  mint. 

The  method  of  operating  is  as  follows:  Water  is 
brought  from  the  mine  reservoirs  in  two  30-in.  pipe  lines 
and  discharged  against  the  gravel  bank  through  giants 
under  a  head  of  600  ft.  Either  two  8-in.  or  one  8-in.  and 
two  6-in.  nozzles  are  used  at  one  time.  These  combina- 
tions require  4,000  to  4,200  miner's  inches  of  water,  and, 
they  usually  empty  the  mine  reservoirs  in  six  hours.  The| 
water  is  then  shut  off'  from  the  pipes  and  the  reservoirs- 
are  allowed  to  fill,  .requiring  generally  four  hours  whenj 
the  full  head  of  water  is  in  the  ditch;  during  this  time 
the  pipe  men  drill  and  blast  the  large  bowlders  and  hard 
pieces  of  cement  rock  in  the  pit. 

Bowlders  of  1  ton  and  2  tons'  weight  at  times  passj 
through  the  sluice,  though  such  large  bowlders  are  gen-| 
erally  blasted  in  order  to  save  water.  The  cemented 
gravel  is  disintegrated  usually  before  it  leaves  the  pitJ 
and  little  or  none  is  found  on  the  dump.  At  the  usuaJ 
rate  of  operation,  the  pipes  wash  down  and  send  to  the| 
sluice  1,000  cu.  yd.  of  material  per  hour.  The  sluice  bo: 
is  6  ft.  wide  by  5  ft.  deep  and  is  lined  with  40-lb.  steel 
rails  set  transversely  5  in.  apart  on  the  bottom  and  longi- 
tudinally on  the  side  and  held  in  place  by  lugs  and  bolts 
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Quicksilver  is  sprinkled  in  the  upper  part  of  the  sluice 
every  few  days.  The  sluice  is  2,400  ft.  long.  The  great 
length  of  sluice  is  necessary  to  carry  the  tailings  to  the 
edge  of  the  dump.  At  1,300  ft.  is  (tranches  into  two  parts 
in  order  to  distribute  the  debris  over  the  width  of  Ore- 
gon Gulch.  Each  year  it  is  necessary  to  add  about  50 
ft.  to  the  lower  end  of  each  branch.  The  amount  added 
to  the  upper  end  varies  with  the  slope  of  the  bedrock 
and  the  movement  of  the  gravel  mass. 

Working  costs  vary  for  different  seasons  from  2.8  to 
3.5  ct.  per  yard,  the  percentage  of  cost  being  distributed 
approximately  as  follows: 

Item.  Per  cent. 

Maintaining:  ditcli   ;8 

Washing,   gravel   piping 9 

Sluice    maintenance 25 

Brealiins  bott  klers   9 

Pipe  lines  and  giants , -y. 

Roads   and   buildings SvJ 

Clean-ups    1  " 

Administration 814 

Taxes ; 3 

Teaming   3 

Boarding:  house 8 

Various   2V4 

The  following  data,  including  average  operating  costs, 
regard  hydraulic  mining  at  Atlin,  B.  C,  for  the  seasons 
1910  to  1913: 

Pit  1.  Pit  2. 

Possible  running  time,  days  per  season 1S4  ISn 

Actual  running  time,  days  per  season 154  1-11 

Cubic  .vards  ^vorl^ed  per  season 283,300  178,580 

Cubic  yards  per  day  per  season 1,540  99C 

Cubic  yards  per  day  for  time  running 1,840  1,266 

Miners'   inches*  used  per  day 4,500  4,250 

Yards  per  inch  per  day  of  running  time 41  .30 

Avera-.?e  depth  of  ground,   feet 60^  16>4 

-Average   cost   per  cubic  yards,  centE.t 

Pit  1.  Pit  2. 

Labor    7.34  13.2'-) 

Ponder    1,40  1.96 

General  operations   2.1S  3.03 

Ditcli   maintenance    22  .35 

General  expense   .44  .70 

Royalties,    rental,    etc 49  .64 

Tital    12.07  20.01 

•Miner's  inch  =  1,728  cu.  ft.  in  24  hours. 

iBoarding  house  included  in  labor.  "General  operations  "  includes 
supplies,  teamsters,  blacksmiths  and  other  operating  expense  not 
directly  chargeable  to  either  pit.  "General  expense"  includes  travel- 
ing, .•tficey.  etc. 

Costs  of  working  gravel  banks  with  water  under  pres- 
sure and  elevating  the  material  with  hydraulic  elevators 
will  vary  greatly  in  different  localities.  The  following 
data  concern  hydraulic  mining  at  the  River  Bend  mine. 

The  River  Bend  mine  is  on  the  Klamath  River,  Siskiyou 
County,  Cal.  The  water  is  obtained  from  two  sources; 
one  ditch  supplies  the  water  for  the  giant,  the  other  for 
the  elevators.  The  supply  system  includes  11  miles  of 
ditches  and  IH  miles  of  flume. 

There  are  two  Joshua  Hendy  giants  with  3'2-in.  noz- 
zles, which  consume  about  525  cu.  ft.  per  minute,  work- 
ing at  an  eff'ective  head  of  90  to  100  ft.  A  Campbell  ele- 
vator having  a  lO'2-in.  throat  and  using  approximately 
560  cu.  ft.  of  water  per  minute  under  an  effective  head 
of  325  ft,  raises  the  material  46  ft.  vertically.  The  ele- 
vator is  set  in  a  sump  10  ft.  deep  and  at  an  inclination 
of  70',  the  height  of  the  gravel  bank  being  30  ft. 

The  following  table  is  made  from  daily  averages 
throughout  the  season  of  1912-13.  The  working  co.sts  do 
not  include  administration  charges. 

Cubic  yards  of  gravel  washed  per  day 417 

Cubic  feet  of  w-iter  used  per  minute   for  giants 525 

Cubic  feet  of  water  used  per  minute  for  elevator 560 

Cubic  feet  of  gravel   lifted  per   minute 7.81 

Cubic  yards  of  gravel  washed  per  miner's  inch  (giant)  water..  1.19 

Grade  of  sluice,  inches  in  12  feet 7 

Operating  cost   per   cubic   yard,    not   including   administration, 

cents    8 

At  the  Logan  mine,  near  Waldo,  Ore.,  with  40  cu.  ft.  of 
water  a  second,  15,000  to  30,000  cu.  yd.  of  gravel  is  washed 
per  month.  Four  giants  are  used,  two  in  the  pit  and  two 
on  the  tailings  dump.  A  20-in.  hydraulic  elevator  with 
two  lifts  elevates  the  material  49  ft.  The  gravel  is  easily 
washed,  there  are  no  large  bowlders,  and  the  operating  ex- 
penses are  said  to  be  only  3's  ct.  per  cubic  yard,  under 
exceedingly  favorable  conditions. 
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TELPHER  SYSTEM    FOR   DISPOSING   OF   EXCA- 
VATED MATERIAL. 

The  United  States  Realty  &  Improvement  Co.,  New 
York  City,  is  using  an  interesting  type  of  telepher  sys- 
tem for  handling  excavated  materiiil  from  its  subway  con- 
struction contracts.  The  accompanying  halftones  show 
the  plants  installed  at  28th  St.  and  7th  Ave,  and  13th  St. 
and  7th  Ave..  New  York  City. 


station  at  28tli  St.   and   7th   Ave.,   New  York  City. 

The  power  for  hoisting  and  trolleying  is  performed  by 
a  60-H.P.  250-volt  direct  current  m.otor.  A  Lidgerwood 
2-drum  hoist  is  used  for  hoisting  and  trolleying.  The  car 
is  a  home-made  affair,  composed  of  four  standard  cast 
iron  wheels  8-in.   in   diameter,  which   run  on  two   18-in. 


station    at    13th    St.    and    7th    Ave..    New    York    City. 

I-beams.  These  wheels  support  two  standard  cast  iron 
sheaves,  IG-in.  in  diameter,  through  which  the  hoisting 
cable  runs.  The  cables  are  arranged  as  shown  in  the 
sketch.     Steel  buckets  and  skips  are  used  for  handling 
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Arrangement     of     Cables. 


Figures  compiled  by  the  U.  S.  Office  of  Public  Roads 
show  an  expenditure  in  the  country  for  roads  and  bridges 
in  1915  of  $282,000,000,  an  increase  of  250  per  cent  over 
the  amount  spent  for  similar  purposes  in  1914. 


material,  the  former  holding  about  1  yd.,  the  latter  2  yd. 
of  material.  C.  H.  Stengel,  702  Flatiron  Bldg.,  New  York 
City,  is  Chief  Engineer  of  the  United  States  Realty  & 
Improvement  Co. 
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SALVAGING  RAILS  WITH  MOTOR  TRUCKS. 

Motor  trucks  equipped  with  steel  flanged  wheels  for 
operating  on  rails  have  made  it  possible  and  practical  for 
railroads  and  construction  companies  to  salvage  rails  on 
abandoned  spur  lines  and  in  construction  camps  where 
heretofore  the  cost  of  reclaiming  the  rails  by  other  meth- 
ods would  not  have  warranted  the  work. 

The  Chicago,  Burlington  &  Quincy  R.  R.  decided  to 
salvage  the  rails  on  the  abandoned  McLaughlin  lumber 
and  tie  road  connecting  the  station  at  Nahant,  Mont.,  on 
the  Burlington  system  in  the  Black  Hills  of  Montana  with 
the  forests  35  miles  to  the  west  and  the  contract  for  the 
job  was  awarded  to  the  Black  Hills  Transfer  Co.  of  Na- 
hant. 

The  McLaughlin  line  had  been  abandoned  several  years 
ago  on  account  of  the  timber  being  exhausted  and  the  en- 
forcement of  the  Forest  Reserve  Act,  and  when  the  trans- 
fer company  tackled  the  job  it  was  confronted  with  many 
obstacles.     A  locomotive  could  not  be  used  to  haul  the 
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trips  a  day,  climbing  several  grades  as  steep  as  7  per  cent 
on  second  and  third  gear  and  registering  an  economy  rec- 
ord of  better  than  10  miles  to  a  gallon  of  gasoline.  After 
depositing  its  load  at  Nahant  the  truck  covered  the  27 
miles  to  the  forests  on  fourth  speed. 


COST  OF  DREDGING  IN  1914  AND  1915  WITH  U.  S. 
DREDGE  MICHIE. 

The  U.  S.  seagoing  hydraulic  dredge  Col.  P.  S.  Michie 
was  completed  in  December,  1912,  at  a  cost  of  $378,198. 
The  first  work  of  the  dredge  was  at  Coos  Bay.  In  the 
Professional  Memoirs  for  September-October,  1916,  the 
following  cost  figures  are  given  on  the  operation  of  this 
dredge  in  1914  and  1915. 

The  dredge  arrived  at  Coos  Bay  Jan.  20,  1914,  ready  for 
work  at  that  place. 

The  weather  was  so  stormy  during  the  winter  months 
that  little  dredging  was  possible  on  the  bar.  The  Michie 
continued  operations  on  the  bar  whenever  weather  con- 
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rails  because  the  forest  reserve  laws  required  oil  burning 
locomotives  and  the  only  ones  available  were  wood  burn- 
ers. The  track  had  not  been  kept  in  repair  and  the  cost 
of  putting  it  in  shape  to  permit  the  use  of  a  heavy  locomo- 
tive would  have  been  prohibitive.  Another  objectionable 
feature  to  the  use  of  a  locomotive  was  the  rank  growth  of 
long  and  tough  grass  over  the  rails  which  in  some  places 
had  grown  to  a  height  of  18  in.,  weaving  a  network  over 
,  the  track  that  completely  obstructed  it  from  view. 

After  working  on  several  schemes  and  later  finding 
them  impracticable,  the  contractors  decided  to  test  out  a 
White  1 '  L>-2-ton  motor  truck.  An  order  was  placed  v.-ith 
the  White  Co.  in  Cleveland  for  a  standard  P  2-2-ton  truck, 
which  was  shipped  to  the  Burlington  railroad  shops  at 
Havelock,  Neb.  Here  it  was  equipped  with  a  set  of  steel 
wheels  with  flanges  for  operating  on  rails,  re-shipped  to 
Nahant,  Mont.,  and  put  to  work. 

In  the  first  month  the  truck  was  in  service  it  covered 
about  3,300  miles,  averaging  108  miles  a  day  and  by  the 
use  of  a  flat  car  as  a  trailer,  was  able  to  haul  12  tons 
of  rails  into  Nahant  each  trip.    The  truck  made  two  round 


ditions  permitted  until  May  29,  1914,  when,  while  lying 
at  anchor  in  the  harbor,  she  was  disabled  by  being 
rammed  by  a  steamer. 

The  Michie  was  temporarily  repaired  on  Coos  Bay  and 
then  proceeded  to  Portland,  Ore.,  for  permanent  repairs, 
not  returning  to  Coos  Bay  until  July  3,  when  she  operated 
up  to  the  15th  and  then  was  laid  up  until  Oct.  6,  due  to 
a  lack  of  funds  to  operate  the  dredge.  Due  to  the  con- 
tinued stormy  weather  and  rough  condition  of  the  bar 
the  dredge  was  kept  in  commission  only  to  Oct.  24,  1914, 
when  she  was  recalled  to  Astoria,  Ore.,  to  undergo  trials 
to  determine  the  efficiency  of  the  machinery  and  such  al- 
terations as  might  be  necessary,  it  having  befen  reported 
that  the  original  draghead  was  too  large  and  that  the 
dredge  lacked  boiler  power. 

The  dredge  was  operated  only  8  hours  per  day  the  first 
few  months,  but  later  was  operated  from  12  to  14  hours 
per  day,  the  condition  of  the  bar  permitting.  Thirty  men 
were  employed  to  operate  the  dredge  this  one  shift. 

The  following  table  gives  the  amount  of  work  done  on 
Coos  Bay  the  first  season  (1914)  and  its  approximate  cost. 
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The  figures  are  taken  from  the  ship's  records  and  do  not 
include  any  overhead  expense  of  the  Portland  office  or 
the  cost  of  the  repairs  and  alterations  made  to  the  dredge 
at  the  close  of  the  season. 

S        -  3  b'         5 « 

.Month,  l;iM.  »*■=        .^  ~  E*^  c- 

^'  ■§»        o^         «i^  1^  g 

3  rtg         «o  >£  «<"  o 

U  qS        ».&  <!'0  S^  h 

January 4.719  9          2  2,360  4,552          $3,S35.S0 

February    10.308  28           i;  1,718  4,094  3,442.44 

March    14.S90  31           S  1,861  4,094  2,996.91 

.A.nrn     48,475  30         16  3,029  4,650  3,343.28 

May    65,780  29         21  3,132  4,393  3,843.48 

June Dredge  rammed  and  sent  lo  Portland,    7,438.18 

July    68,082  28         14  4,192  7.41S  3,944  19 

August    30,687  14           7  4,388  7.426  2.488.95 

•Septembor No  work;  due  to  lack  of  funds. 

October     6,574  17          3  3,032  3,620.40 

Total    240,121         186         77         3,118         7,426         $34,953.14 

•There  was  a  small  expense  in  connection  with  laying  the  dredge  up, 

for  which  no  record  is  at  hand. 
$34,963.14  -4-  240,121    cu.    yds.  =  14.6   cents,    iii.'it   cost   of   dredging   per 

cu.  yd.  for  tlie  seas-on.     Of  this  the  labor  cost  —  6.S  c-t.  per  cu.  yd.,  and 

the  fuel  oil  3.1  ct.  per  cu.  yd.     The  pump  average  lor  the  season  was 

14.6  cu.  >'d.  per  minute,  or  S78  cu.  yds.  per  hour. 

The  dredge  was  credited  with  deepening  the  bar  chan- 
nel from  17  ft.  at  mean  lower  low  water  to  22  ft.  at  the 
same  stage  of  tide,  but,  as  no  progress  surveys  were  made 
of  the  dredging,  nothing  definite  can  be  said  of  the  na- 
ture of  the  bar  channels  during  the  various  months  of 
the  season.  On  resuming  operations  in  May,  1915,  the 
dredge  started  work  on  about  19  ft.  at  mean  lower  low 
water. 

At  the  conclusion  of  the  Michie's  trial  trips  and  tests, 
made  at  "Astoria,  Ore.,  in  November,  it  was  decided  to 
use  a  smaller  and  lighter  drag-head,  as  well  as  to  enlarge 
the  boilers.  While  the  new  sections  were  being  built  for 
the  enlargement  of  the  pipe  boilers,  the  dredge  was  loaned 
to  the  San  Francisco  District  and  operated  on  Humboldt 
Bay,  Eureka,  Cal.,  from  Nov.  17,  1914,  to  March  1,  1915, 
dredging  the  inside  channels.  The  original  intention  was 
to  carry  this  dredged  material  to  sea  and  dump  it  in  deep 
water,  but,  due  to  the  continued  rough  condition  of  the 
bar,  only  a  small  percentage  of  the  material  was  disposed 
of  in  this  way.  Most  of  the  material  was  dumped  in  blind 
channels  or  deep  holes  inside  the  bay.  The  material  was 
mud  and  fine  sand,  the  work  being  similar  to  that  done 
in  Bay  Ridge  Channel  by  the  New  York  District.  The 
dredge  operated  from  6  a.  m.  to  6  p.  m.,  established  range 
lights  enabling  the  dredge  to  go  and  return  from  work 
in  the  dark.  The  original  drag-head  was  used  the  first 
month,  and  a  noticeable  improvement  was  apparent  in 
the  dredging  when  this  was  replaced  with  a  smaller  drag- 
head.  The  pumping  average  increased  and  the  ship  was 
'much  more  easily  handled. 

The  following  table  gives  the  amount  of  work  done  at 
Eureka  and  the  costs,  which  include  $50  per  day  rental 
for  the  dredge.  This  rental  just  about  paid  for  the  de- 
preciation of  the  plant  while  in  thai;  district. 
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Novembe;-    ....   19.874  15  11  1,897  3.006  6.15  $3,081.67 

December    68,60..  31  26  2.630  4,040  11.00  6,888.14 

;»15— 

January    101,040  31  25  4,04]  5,850  10.00  7,095..=i9 

Ke'iiruary     6?,152  28  23  2,963  5.454  8.40  6,534.14 

Total     257,667         105         85         9.4  $23,599.54 

$23,599.54  -f-  257.667  cu.  yds.  =  $0.09155,  approximate  unit  cost  per 
cu.  yd.  Of  this  the  labor  cost  was  2.8  ct.  per  cu.  yd.,  and  the  fuel  oil 
was  2.6  ct.  per  cu.  yd.  The  above  figures  were  talien  from  the  s-hip's 
files  and  are  subject  to  slight  variations.  The  cost  per  cu.  yd.  based 
iin  place  measurement  was  approximately  10  1/3  ct. 

The  pumping  average  is  low,  though  it  is  good  for  the 
class  of  material  the  dredge  was  working  in,  and  is  as 
good  as  that  of  other  dredges  working  in  the  same  kind 
of  material  with  practically  the  same  pumping  capacity. 
The  material  settled  slowly,  v/as  full  of  sticks,  pieces  of 
wire  rope,  and  all  sorts  of  trash.  The  drag-head  would 
bury  itself  many  feet  in  the  material  if  not  closely 
watched,  and  the  mud  adhered  to  the  sides  of  the  bins  to 


such  an  e.Ktent  that  it  took  an  hour  to  dump  some  of  the 
loads,  the  material  having  in  reality  to  be  washed  out. 

The  Michie  arrived  on  Coos  Bay  ready  for  work  on  May 
10,  1915,  after  having  had  her  boilers  enlarged,  stern 
l)earings  renewed,  and  having  been  given  a  general  over- 
hauling. 

The  weather  conditions  were  not  at  all  favorable  in 
May,  and  it  took  that  month  to  get  the  dredging  organ- 
ized and  another  crew  assembled  and  broken  in  for  op- 
erating the  dredge  with  two  crews  on  the  bar  from  day- 
light to  dark,  weather  permitting.  The  dredge  was  op- 
erated throughout  the  remainder  of  the  season  on  this 
basis  up  to  Nov.  19,  when  it  was  loaned  to  the  Seattle  Dis- 
trict to  dredge  on  Grays  Harbor  Bar.  A  crew  of  35  men 
was  employed. 

The  following  table  shows  the  work  as  accomplished 
by  months: 

M  "  ,n  3iS  S*  to 
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-Muy    40,520  20  9  4,502  7,170  22.8  $6,490.04 

June    210,672  30  25  8,426  13,733  22.S  7.653.99 

July    200,678  31  22  9,121  14,137  24.5  5.793.81 

August    222,623  31  25  8,904  14,192  25.9  7,481.34 

Septembei     .135,881  30  16  8,492  12,795  26.5  5,596.71 

October    80.411  31  ;3  6,185  12,168  27.1  8,076.16 

November   ...   10,919  20  4  2,729  4,575  22.3  5,156.11 

Total    901,704         193         114         $46,248.16 

1915— 

$46,248.16  -^  901,704  =  $0.0513.  which  i."--  the  approximate  unit  cost 
per  cu.  yd.,  which  includes  a  2  per  cent  charge  for  Portland  office 
expense,  hut  does  not  include  any  expense  of  laying  the  dredge  up 
over  the  winter  or  the  necessary  annual  overhauling,  which  will  be 
required  in  March,  1916. 

Of  this  unit  cost  the  labor  alone  was  1.95  ct.  per  cu.  yd.,  and  the 
fuel  oil  in  ct.   per  cu.  yd. 

Surveys  of  the  bar  were  made  each  month,  weather  and 
bar  conditions  permitting,  to  show  the  progress  made  by 
the  dredge.  It  was  not  possible  to  get  the  first  survey 
made  until  May  31,  1915,  after  one  month's  dredging,  due 
to  the  bar  being  very  rough. 


ECONOMICS  AND  COSTS  OF  MOTOR  TRUCK  OP- 
ERATION.* 

Economics  of  Truck  Operation. 

Many  things  contribute  to  make  southern  California  an 
ideal  field  for  the  motor  truck:  perfect  operating  condi- 
tions throughout  the  year,  many  miles  of  good  roads, 
city  streets  out  into  the  country,  a  population  which  has 
scattered  out  instead  of  congesting,  cheaper  fuel  than  can 
be  had  in  any  other  truck  country,  and  a  labor  market 
where  intelligent,  careful  drivers  may  be  had  for  a  mod- 
erate wage.  For  many  kinds  of  haulage,  covering  a  wide 
range  of  operation,  the  motor  truck  is  distinctly  superior 
to  any  other  method  of  transportation.  Given  an  active 
service  at  full  load,  with  a  terminal  not  definitely  fi.xed 
and  a  radius  of  operation  up  to  30  miles,  it  is  an  ex- 
ceptional condition  which  will  justify  any  other  method 
of  goods  haulage. 

Some  of  the  especially  active  fields  for  the  truck  in 
southern  California  are  goods  hauling  to  and  from  Los 
Angeles  harboB,  interurban  delivery  service,  road  build- 
ing and  wholesalers'  delivery.  There  are,  however,  spe- 
cial considerations  which  may  have  considerable  bearing 
upon  the  employment  of  a  truck.  A  committee  of  the 
Boston  Chamber  of  Commerce,  in  a  detailed  report  on 
street  traffic  in  Boston,  covering  eighteen  months  of  study, 
reported  that  "development  of  motor  trucks  will  tend  to 
relieve  congestion  by  moving  all  merchandise  in  larger 
units  and  more  rapidly,"  and  that  "the  average  speed  of 
motor  vehicles  in  getting  into  and  away  from  railway  ter- 
minals is  from  two  to  three  times  that  of  the  horse."  This 
is  especially  applicable  to  Los  Angeles,  which  has  nearly 
two  miles  of  as  conge.sted  streets  as  are  to  be  found  in 
nearly  any  city. 

Another  great  advantage  of  the  motor  truck  to  the  re- 
tailer is  that  he  not  only  can  supply  his  customers  more 

•From  a  paper  by  W.  Howard  Clapp,  Pasadena,  Fla..  in  the  October 
Journal  of  American  Society  of  Mechanical  Engineers. 
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(juickly,  but  also  because  of  the  greater  mileage  range 
his  territory  is  increased  to  about  eight  times  what  he 
could  serve  with  a  horse. 

Costs  of  Gasoline  Trucks. 
Figure  1  gives  curves  of  cost,  weight  and  horsepower 
(average  values)  for  all  classes  of  gasoline  trucks  as 
listed  by  publishers  of  motor  truck  publications.  The 
noticeable  feature  of  these  curves  is  the  sudden  break 
of  each  for  the  lighter  trucks  of  less  than  1  ton  capacity. 
These  show  that  the  demand  for  a  light  truck  has  been 
met  by  making  a  vehicle  which  is  much  lighter  for  the 
rated  load  than  the  heavier  trucks.  This  is  possible  be- 
cause of  the  higher  engine  speed,  a  more  simple  final 
drive,    torque    and    thrust    taken    through    the    vehicle 
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springs,  and  by  the  generous  use  of  special  alloys  and 
heat-treated  steels.  The  curves  suggest  that  these  trucks 
are  too  light  for  the  load  that  they  are  rated  to  carry. 
That  this  is  true  is  abundantly  proved  by  the  records  of 
many  light  trucks,  which  show  that  the  average  life  of  a 
light  delivery  truck  is  about  35,000  miles,  whereas  the 
heavier  trucks  when  properly  driven  and  cared  for  can  be 
depended  upon  to  give  80,000  to  100,000  miles,  or  even 
more  for  the  better  grade  of  trucks,  if  they  are  carefully 
driven  and  ordinary  maintenance  is  kept  up.  It  would 
seem  that  there  is  a  real  field  for  a  more  serviceable 
light  truck  whicii  will  at  a  little  greater  cost  give  enough 
lower  depreciation  and  maintenance  to  be  a  profitable  in- 
vestment. 

That  there  is  a  real  field  for  such  a  truck  not  only  for 
city  service  but  also  for  use  throughout  the  country  is 
shown  by  the  report  of  the  U.  S.  Government,  which 
states  that  only  15  per  cent  of  the  entire  traffic  of  the 
country  is  moved  by  railroads  and  steamships  combined, 
the  remainder  of  85  per  cent  being  carried  for  the  most 
part  in  wagons,  and  the  greater  part  of  it  in  lots  oi 
1,000  lb.  or  less.  This  field  has  only  been  touched  by  the 
motor  truck  as  yet,  and  to  fully  occupy  it  would  require 
not  less  than  two  million  light  trucks.  This  estimate 
makes  no  provision  for  hauling  done  on  the  farm. 

Table  I  is  an  itemized  cost  statement  for  various  sizes 
of  gasoline  trucks  under  average  service  conditions  on 
the  roads  of  southern  California.  These  costs  are  con- 
servative. It  is  possible  to  find  plenty  of  e.xamples  of 
lower  costs  and  also  of  costs  that  are  much  higher,  but 
these  costs  are  easily  realizable  for  ordinary  truck  work 
in  this  locality.  With  proper  management  an  even  lower 
cost  per  day  should  be  realized.  That  these  costs  are 
somewhat  lower  than  averages  for  other  localities  may 
be  largely  credited  to  good  roads  and  an  equable  climate. 
In  making  this  table  three  conditions  of  operation  are 
assumed:  the  costs  for  each  size  of  truck  are  computed 
for  a  daily  run  of  25,  50  and  75  miles,  and  for  each  con- 
dition the  life  of  the  truck  is  estimated,  and  depreciation 
is  based  on  this  life.  Costs  are  given  in  dollars  for  the 
entire  life  of  the  truck.  First  costs  are  average  chassis 
costs  in  Los  Angeles. 

In  California  distillate  is  being  used  to  quite  an  extent 
as  a  substitute  for  gasoline.  The  cost  per  gallon  is  about 
half  that  of  gasoline  at  the  present  time,  and  the  b.  t.  u. 
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content  somewhat  greater.  A  local  truck  manufacturer 
has  been  very  successful  in  equipping  trucks  with  gasifiers 
by  which  the  heat  of  the  exhaust  gases  from  the  engine 
is  used  to  heat  the  inlet  air  as  it  goes  to  the  carburetor, 
and  also  to  heat  the  mixture  as  it  goes  from  the  car- 
buretor to  the  cylinder.  A  supply  of  gasoline  is  carried 
and  used  in  starting.  The  consumption  of  distillate  is 
about  the  same  as  that  of  gasoline.  The  success  which 
has  attended  this  innovation  would  seem  to  justify  the 
claims  of  the  manufacturer  that  the  use  of  distillate  does 
not  increase  carbon  trouble.  The  question  of  a  lessened 
volumetric  efficiency  is  a  negligible  consideration. 

Tires  will  outwear  the  manufacturers'  guarantee  at 
least  25  per  cent  when  used  on  the  good  roads  of  southern 
California.  Smooth  roads,  dry  surfaces  and  an  equable 
climate  all  contribute  to  this  result.  Overloading  and 
overspeeding  are  the  things  that  shorten  tire  life.  How- 
ever, the  important  consideration  is  not  tire  economy,  but 
economy  of  truck  operation  per  ton  of  material  carried; 
therefore,  durability  is  only  one  factor  that  must  be  taken 
into  account.  Resilience,  which  prevents  the  wasting  of 
truck  power;  cushioning  effect,  which  keeps  the  mainte- 
nance charges  low  on  the  whole  truck;  a  good  tractive 
grip  and  a  reasonable  cost  are  all  properties  which  are 
required  in  a  truck  tire. 

Operating  Costs. 

Figure  2  gives  a  graphical  view  of  percentage  costs  for 
a  light,  a  medium  and  a  heavyweight  truck,  each  aver- 
aging 50  miles  a  day.  The  higher  proportion  which  the 
light  truck  has  in  the  items  of  labor,  depreciation  and 
maintenance  is  noticeable.  Against  this  increase  is  the 
lower  percentage  of  the  entire  cost  charged  to  fuel  and 
tires. 

In  discussing  motor  truck  costs  it  is  not  possible  to 
neglect  the  human  factor,  which  here  more  than  in  most 
cases  of  machinery  handling  is  one  of  the  principal  items. 
It  is  hardly  too  much  to  say  that  maintenance  costs  are 
chiefly  driver.  An  expensive  and  intricate  machine  is 
put  in  charge  of  a  low-paid  employe  who  is  not  the  owner 
and  who  ordinarily  has  but  a  limited  knowledge  of  ma- 
chinery. This  is  one  reason  why  the  life  of  a  light  truck 
is  usually  about  two  or  three  years. 

Many  of  the  larger  department  stores  will  not  allow 
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Fig.  2. — Division  of  Truck  Costs. 

their  drivers  to  make  any  repairs  or  even  to  carry  a 
wrench  or  a  pair  of  pliers.  A  repair  force  looks  after 
each  truck  and  keeps  it  cleaned,  oiled  and  set  up.  Owner- 
ship of  eight  or  ten  trucks  will  justify  an  owner  in  em- 
ploying a  mechanic  who,  with  a  small  outfit  of  tools  and  a 
helper,  can  keep  the  trucks  clean  and  in  adjustment  and 
make  many  of  the  smaller  repairs.  Reliable  service 
garages  are  now  to  be  found  which  will  do  the  same 
work  for  a  reasonable  charge,  and  this  is  more  satisfac- 
tory than  to  leave  it  to  the  driver. 

It  is  impossible  for  the  manufacturer  to  devise  a  shop 
test  that  will  equal  the  brutality  of  actual  service.  The 
modern  motor  truck  has  had  to  meet  the  demand  for  a 
vehicle  that  will  stand  abuse.    The  careless  or  indifferent 
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driver  is  quick  to  find  this  out.  Operating  costs  for  the 
same  make  and  capacity  of  truck  engaged  in  exactly  the 
same  kind  of  work  for  one  firm  will  frequently  show  a 
variation  of  40  per  cent  in  the  items  of  gasoline,  oil,  tires 
and  maintenance.  It  is  easy  to  see  how  a  poor  driver  will 
shorten  the  life  of  a  truck. 

Manufacturers  have  tried  to  meet  this  condition  by 
making  truck  parts  as  few  and  simple  as  possible;  by 
standardization  of  parts;  by  making  wrong  assemblies 
impossible;  by  printing  detailed  information  about  oiling 
and  caring  for  the  truck;  and  by  instituting  a  follow-up 
service  to  get  the  truck  owner  started  right.  The  truck 
governor  has  helped  to  solve  the  speeding  problem.  An- 
other aid  is  the  recording  speedometer,  which  gives  a 
graphical  log  of  each  day's  run — velocity  plotted  against 
time:  thus  every  minute  of  the  day  is  accounted  for;  the 
number  of  stops  and  time  of  each,  maximum  speed,  etc. 
The  chart  will  show,  for  example,  whether  it  will  pay  to 
put  on  a  second  man  to  hasten  deliveries  or  whether  a  re- 
routing of  existing  lines  will  give  a  better  all-around 
service.  A  driver's  record  sheet,  if  it  is  brief  and  inform- 
ing and  filled  out  each  day,  is  frequently  helpful.  It  must 
be  drawn  off  at  the  office  and  kept  up  to  date.  Records 
are  of  little  use  unless  changed  conditions  can  be  recog- 
nized at  once. 

Lubrication  is  probably  the  most  important  item  in 
truck  maintenance.  Manufacturers  have  tried  to  make 
oiling  simple  and  easy  to  do  by  making  oiling  places  few 
and  accessible,  and  by  providing  charts  and  printed  in- 
structions for  this  work;  some  parts  every  day,  some  parts 
twice  a  week,  etc.  Still,  there  are  about  seventy  places 
in  the  average  truck  that  must  be  lubricated,  and  if  there 
is  no  intelligent  head  to  look  after  this  work  local  wear 
soon  starts,  and  then  things  go  fast.  Motor  oil  should  be 
changed  frequently,  at  least  once  for  every  1,000  or  1,500 
miles'  run.  It  is  not  enough  to  build  up  the  supply,  as 
the  oil  is  fast  charged  with  carbon  and  with  grit  from  the 
intake  air  and  soon  loses  its  lubricating  qualities. 

Figure  3  gives  curves  for  gasoline  trucks  plotted  from 
the  data  of  Table  I.  These  curves,  if  continued  out  to 
the  line  of  zero  miles  per  day,  show  the  daily  fixed  charges 
for  each  truck.  The  cost  per  day  increases  quite  uni- 
formly with  the  increase  in  size,  of  the  truck,  whether 
the  daily  run  be  a  large  or  a  small  one.  The  cost  per 
ton  mile  is  based  on  a  full  load  each  way.  This  chart 
shows  that  under  such  favorable  conditions  of  haulage 
a  heavy  truck  may  reach  a  ton-mile  cost  of  as  low  as 
5  ct.,  provided  that  the  nature  of  the  work  is  such 
that  the  truck  can  be  run  daily  at  the  rate  of  50  or  60 
miles  a  day.  This  is  a  heavy  mileage  for  a  big  truck,  and 
such  an  ideal  service  as  would  be  represented  by  a  full 
haul  each  way  on  level  roads,  with  loading  and  unloading 
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tmie  minimized  so  that  the  truck  could  be  under  way  for 
six  or  seven  hours  each  day  and  with  no  extra  helper  re- 
(luired,  is  not  often  found. 

In  deciding  upon  a  truck  one  of  the  most  important 
questions  to  settle  is  that  of  size.  On  the  good  roads  of 
this  section  it  is  more  disastrous  to  buy  a  truck  too 
large  for  the  work  than  to  buy  one  that  is  too  small.  A 
5-ton  truck  costs  some  25  per  cent  more  to  operate  than 
a  3-ton  machine,  nor  is  this  cost  reduced  very  much  by 
taking  a  lighter  load  on  the  heavier  truck.  Interest,  de- 
preciation, maintenance,  taxes,  insurance  and  fuel^all 
are  higher.  Until  very  recently  the  tendency  has  been 
for  owners  to  buy  trucks  too  large  for  their  needs.  Now 
the  buyers  have  commenced  to  realize  that  it  costs  too 
much  to  "deliver  the  vehicle." 

Another  point  that  must  not  be  overlooked  is  that  the 
capacity  of  a  truck  is  figured  for  average  conditions,  and 
that  the  average  road  condition  throughout  the  country 
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Fig.   3. — Cost   of    Operating    Gasoline    IVIotor  Trucks. 

is  very  much  harder  on  the  truck  than  it  is  here.  A  half 
load  on  a  truck  carried  over  a  road  full  of  ruts  and  chuck- 
holes  is  much  worse  for  the  truck  than  a  20  per  cent  over- 
load on  a  good  concrete  or  asphalt  road.  A  6V2-ton  truck 
recently  carried  an  11-ton  casting  up  the  Mount  Wilson 
toll  road,  a  distance  of  9  miles.  This  is  a  tremendous 
overload,  but  it  cannot  be  said  that  the  truck  was  injured 
by  it.  In  fact,  it  is  probable  that  the  truck  parts  were 
not  weakened  in  any  way  by  this  test,  for  the  road,  while 
steep,  is  firm  and  smooth.  The  writer  does  not  wish  to 
encourage  overloading,  which  has  been  responsible  for 
many  truck  failures  and  against  which  much  has  been 
written,  but  he  does  wish  to  point  out  that  an  occasional 
overload  of  25  per  cent  or  even  50  per  cent  when  handled 
carefully  on  a  good  road  is  not  a  serious  matter,  while  to 
haul  a  heavy  truck  day  after  day,  leaded  at  half  capacity, 
is  a  very  serious  matter  if  one  would  haul  cheaply. 


TABLE  I.— TOTAL,  COST  OP  OPERATING  GASOLINE  MOTOR  TRUCKS  AT  VARIOUS  DAILY  MILEAGES. 
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It  is  possible  to  buy  a  truck  that  is  suited  for  work 
on  good  roads  or  one  that  is  especially  designed  for  rough 
roads,  mud,  steep  hills  and  severe  service  generally.  The 
problem  is  to  know  what  is  suited  and  to  weigh  properly 
the  arguments  of  the  salesman  who  offers  a  2-ton  truck 
with  a  15-hp.  motor  and  a  25-hp.  rear  axle,  and  the  coun- 
ter arguments  .of  his  rival,  whose  truck  has  a  25-hp 
motor  and  a  20-hp.  rear  axle.  This  is  one  of  the  surpris- 
ing results  of  the  modern  method  of  building  up  assembled 
parts  into  a  truck,  and,  while  there  may  be  advantages 
of  such  variations  in  the  relative  strength  of  truck  parts 
for  some  particular  service,  it  is  a  fact  that  both  extremes 
are  being  sold  for  exactly  the  same  work.  The  Society 
of  Automobile  Engineers  has  done  a  wonderful  work  in 
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Fig.    4. — Comparison    of   Single   Horse    and    Wagon    and    Light    Delivery 
Truck   Costs. 

standardizing  the  parts  for  auto  trucks.  This  will  be 
carried  much  further  in  the  future,  for  the  economies 
that  will  result  from  standardized  parts  and  also  from 
standardized  assemblies  have  been  strongly  emphasized 
by  the  experience  of  European  countries  with  the  use  of 
trucks  in  the  present  war. 

At  present  the  truck  owner  or  prospective  purchaser  is 
sadly  in  need  of  disinterested  advice,  and  there  is  a  good 
engineering  field,  for  the  man  who  thoroughly  knows 
trucks  and  can  plan  service.  There  is  little  doubt  but 
that  the  average  truck  owner  could  save  20  per  cent  of 
his  operating  costs  by  properly  analyzing  his  problem. 
Methods  of  Reducing  Trucking  Costs. 

To  get  a  low  cost  per  ton  it  is  necessary  to  keep  the 
truck  moving.  Devices  which  cut  down  the  time  of  load- 
ing and  unloading  are  very  important.  Among  these  are 
self-dumping  bodies  of  various  kinds  for  stone,  hot  asphalt 
of   lumber;    loading  chutes  or  bins  which  are  filled  by 


TABLE  II.— COMPARISON  OF  OPERATING  COSTS  OF  A   SINGLE- 
HORSE  WAGON  AND  A  LIGHT  GASOLINE  DELIVERY  TRUCK. 


Cost  of  wagon  equipment  (horse, 
Cost  of  "OO-lli.  capacity  gasoline 


Estim,T.tea  life,  years. . 

Depreciation    . . .- 

Interest  at  6  per  cent 

Taxes     

Stable  aid  garage  rent 

Insurance   (fire  and  theft  i 

Driver  (14  time  when  idle  i 

Feed- 
Hay,  10  lb.  and  15  lb 

Oats,   10  qt.   and  15  qt.  . 

Gasoline,  at  16  ct.  per  gal 

Jjubricatlnr  oil,  at  10  ct 

Htetldr  (1  man  to  12  horses  1 

Cleaning  and  oiling 

Shoes  and  veterinary 

Tires  and  tubes 

Repairs  to  wagon 

Maintenance    

Water,   bedding,   etc.. 


$250;  \vagon.  $140: 
truck,  $600. 

,^— Wagon  costs.— 
20  miles 
idle. 
10 
.■sn.ios 

II. on:* 


harness.  S40).  $430. 


ii.::i'0 

0.030 
0.666 


per  day. 
10 
$0,155 
0.086 
0.009 
0.200 
0.030 
2.000 


Truck  costs. -^ 
60  mUes 
per  day. 
2.5 


Idle. 
10 

$0,200 
0.120 
0.012 
0.166 
0.045 
0.666 


$0,760 
0.1'JO 
0.012 
0.166 
0.045 
2.000 


0.102 
0.200 

0.153 
0.300 

I'.L'I.O 

(..'360 

6.095 

6.135 

0.090 

0.045 

0.046 

0.640 
0.130 


0.400 
6.'625 


1.200 
0.005 


elevator  or  conveyor;  there  is  also  a  movable  steel  tipple 
which  can  be  run  alongside  a  train  of  flat  cars  ancl  be 
filled  by  shovelers  while  the  truck  is  out  on  the  road. 
so  that  the  actual  time  required  to  fill  the  truck  is  very 
little.  Another  device  is  the  use  of  extra  truck  bodies, 
which  are  loaded  while  the  truck  is  on  the  road  and  swung 
onto  the  truck  by  an  air  lift  or  other  hoist.  A  firm  of 
wholesale  grocers  in  Los  Angeles  is  using  this  method 
very  satisfactorily.  In  interurban  delivery  service  load- 
ing nests  or  cartridges  are  being  used.  These  are  filled 
in  the  store  and  run  out  onto  the  truck.  There  is  some 
promise  in  the  e.xtension  of  this  device  for  relieving  the 
congestion  around  freight  stations  and  also  for  inter- 
urban service  where  a  heavy  truck  can  bring  over  all  of 
the  orders  for  an  entire  community  and  local  deliveries 
be  taken  care  of  by  light  trucks,  each  with  its  especial 
cartridge.  A  scheme  somewhat  similar  to  this  is  now 
being  tried  out  by  the  city  of  Los  Angeles.  The  incom- 
bustible rubbish  is  gathered  by  a  house-to-house  collec- 
tion, using  wagons.  The  material  is  put  in  large  cans 
which  are  carried  to  a  central  point  an(i  a  heavy  truck  is 
used  to  haul  all  of  the  cans  to  the  city  dump. 

Comparisons  of  Operating  Costs  of  Horse-Drawn  and 
Motor  Trucks. 

The  use  of  an  extra  man  to  facilitate  deliveries  will 
often  save  enough  time  to  make  a  good  investment.  One 
of  the  large  department  stores  in  Los  Angeles  found  that 
on  a  certain  route  where  one  man  had  averaged  110  stops 
a  day  two  men  were  able  to  make  190  deliveries.  The 
use  of  self-starters  on  trucks  of  this  type  is  also  becom- 
ing common.  These  save  a  little  time  on  each  stop  and 
also  keep  the  driver  out  of  the  dirt,  and  particular  cus- 
tomers appreciate  this  feature.  At  the  plant  of  the  South- 
ern California  Gas  Company  the  night  man  unloads  the 
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Total  cost  per  day. 


$1,741       $3,401 


$1,209       $6,103 


?0  30 

M  'ec  pj'  9:14 

Fig,   5. — Comparison  of  Costs  for  5-Ton   Gasoline  Truck   and   rieavy 

Teams. 

trucks  and  stores  the  pipe  and  old  meters  that  have  been 
collected  during  the  day,  and  then  puts  onto  the  truck  the 
new  supplies  that  have  been  requisitioned  for  the  coming 
day. 

Figure  4  and  Table  II  show  a  comparison  between  the 


TABLE    III.— COMPARISON    OF   OPERATING  COSTS    OF  -A   5-TON 
GASOLINf^  TRUCK  AND  A.  HE.4VT  TWO-HORSE  WAGON. 

Cost  of  wagon  equipment  .(2   draft  horses.  $600;  wagon.  $300;  harness. 

$100),  $1,000. 
Cost  of  5-ton  jjasoline  truck,  $4,800. 

, — ^Wagon  costs — ^      ; Truck  costs v 

IGmUes'  50  miles. 

Idle.         per  day.  Idle.  per  day. 

Depreciation    , $60             $    120  %    240  $    480 

Interest    60                    60  288  28S 

Taxes 6                      6  30  30 

.■-;table  or  garage..                        .  120                120  120  120 

Insurance   (liabnityi                    26  ...  140 

Driver    250                  750  360  1,080 

Helper    , 600  ...  600 

Feed   or   gasoline 90              '  135  ...  686 

C)il,  grease,  waste,  etc 5  ...  150 

Shoes  and  veterinary,  or  tires.  .25                  40  ...  550 

Repairs,  maintenance 25  ...  60O 

Water,  bedding,  etc 25                  25  ...  20 

Hostler    100                100  ...  ^ 

Total  cost  1  Per    year $736            $2,012  $1,038  J^.'i* 

iPer  day $2.45              $6.70  $3.46  $lo.Sl 
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cost  of  running  a  light  gasoline  delivery  truck  such  as 
is  used  for  close-in  delivery  work  hy  grocers  and  the  cost 
of  running  a  one-horse  delivery  wagon.  The  costs  are 
from  actual  costs  gathered  in  Los  Angeles  and  vicinity 
and  averaged.  For  each  vehicle  the  cost  is  figured  foi 
the  vehicle  idle  and  again  when  running  at  a  fair  ma.xi- 
mum  daily  average.  The  figures  show  that  there  is  no 
excuse  for  using  a  horse  for  this  kind  of  work,  whether 
the  number  of  deliveries  be  large  or  small.  Twenty  miles 
a  day  is  a  maximum  for  any  delivery  horse  if  used  300 
days  a  year.  If  more  than  20  miles  a  day  are  to  be  cov- 
ered, it  is  necessary  to  duplicate  equipment. 

Figure  5  and  Table  III  give  a  similar  comparison  be- 
tween the  cost  of  operating  a  5-ton  gasoline  truck  and 
heavy  teams  used  for  such  work  as  rock  and  dirt  haulage 
and  heavy  transfer  work  generally.  As  in  Fig.  5,  the 
costs  are  figured  from  actual  costs  based  on  a  maximum 
of  service  per  day  and  an  assumption  as  to  what  the  costs 
would  be  if  the  vehicle  did  no  work.  The  curves  show- 
that  the  truck  should  have  enough  work  to  do  to  occupy 
the  time  of  more  than  one  team,  if  it  is  to  be  the  cheaper 
vehicle.  The  Pacific  Electric  Railway  Co.  uses  heavy 
trucks  for  patching  and  paving  along  the  line.  They 
find  that  for  work  outside  the  business  district  the  truck 
will  do  the  work  of  two  or  three  teams,  depending  upon 
the  length  of  haul  and  the  size  of  the  job;  for  long-dis- 
tance hauling  the  truck  will  do  the  work  of  four  or  five 
teams. 

In  paving  Vernon  Ave.  the  rock  and  crushed  stone  were 
delivered  by  teams,  the  average  haul  being  about  two 
miles.  Each  team  delivered  a  3-ton  load  and  averaged 
51 2  trips  per  day.  When  work  on  other  contracts  took  the 
teams  away  the  work  was  sublet  to  another  contractor. 
who  took  the  job  at  the  same  price  per  ton  as  the  teams 
were  figured  to  have  cost.  Three  5-ton  trucks  averaged 
12  trips  per  day  each,  and  carried  an*  average  of  54.7  tons 
per  day  apiece.  This  makes  each  truck  equivalent  to  3.3 
teams,  which  would  represent  a  considerable  saving  by  the 
use  of  trucks,  provided  they  could  be  kept  steadily  em- 
ployed. 

The  use  of  electric  trucks  for  delivery  service  is  not  so 
general  in  Los  Angeles  as  in  most  large  cities.  Two  of 
the  largest  department  stores  in  Los  Angeles  use  no  elec- 
trics, and  other  stores  which  do  use  them  have  usually  a 
smaller  percentage  of  the  entire  fleet  of  this  type.  There 
are  two  reasons  for  this:  First,  a  smaller  congested  area 
than  cities  like  Boston  or  Chicago;  and,  second,  a  smaller 
number  of  stops  per  mile.  For  light  delivery  service 
where  the  vehicles  carry  1,000  lb.  or  less  the  higher  first 
cost  of  the  electrics  is  a  serious  objection;  for  vehicles 
in  the  1,500-lb.  class  the  difference  in  first  cost  is  not  so 
great,  and  the  electric  vehicle  will  show  a  lower  cost  per 
delivery  than  the  gasoline  truck  where  the  latter  is  held 

TABLE    IV.— COMPARISOX    OF    GASOLINE    AND    E7LECTRIC    DE- 
Ln'ERT  TRUCKS. 
(Averages  for  1  month.) 

Type  of  truck.                                                                     Gasoline.  Electric. 

Miles  traveled  per  day 75  36 

Stops  per  mile 1 .  96  2 .  74 

Stops  per  day 147  104 

Cost  per  mile,  cents 12  15.3 

Cost  per  stop,  ctnts 6.12  5.29 

down  to  the  same  number  of  miles  per  day.  Table  IV 
gives  the  average  work  and  costs  for  one  month  for  both 
classes  of  vehicles  for  one  of  the  large  department  stores 
in  Los  Angeles.  From  this  it  will  be  seen  that,  where  the 
electric  truck  gives  a  cheaper  delivery,  it  has  the  advan- 
tage of  more  stops  per  mile.  It  is  probable  that  in  spite 
of  the  close-in  traffic  conditions  tho  gasoline  truck  would 
cover  the  same  route  in  less  time  or  give  a  larger  num- 
ber of  deliveries  per  day  in  the  same  territory.  These 
costs  are  based  on  the  use  of  two  men  with  the  gasoline 
truck  and  one  man  on  the  electric.  The  comparison  shows 
that  the  advantage  in  favor  of  the  electric  truck  is  a  very 
small  one.  and  may  vanish  altogether  under  comparative 
tests.  On  the  other  hand,  there  is  an  advantage  for  the 
electric  in  its  quieter  operation  and  greater  cleanliness 
that  is  worth  something  in  delivery  service. 


HOW  OLEAN,  N.  Y.,  PROMOTED  AND  FINANCED 
A  $300,000  FLOOD  ABATEMENT  PROJECT. 

The  city  of  Glean,  N.  Y.,  is  making  an  S'/i  mile  river 
improvement,  which  is  a  striking  example  of  what  may 
be  accomplished  by  intelligently  directed  community  co- 
operation. 

Until  the  spring  of  1913  Clean's  flood  troubles  were 
regarded  as  merely  a  local  matter  aff'ecting  only  the  own- 
ers and  occupants  of  the  lower  lands.  About  this  time 
the  city  became  imbued  with  the  idea  of  reorganizing  its 
Chamber  of  Commerce  on  the  community  betterment  plan. 
The  idea  found  such  general  favor  that  it  was  possible  to 
triple  its  membership  and  increase  its  income  over  1,000 
per  cent. 

One  of  the  first  tasks  undertaken  by  the  new  organiza- 
tion was  the  solving  of  the  flood  problem.     A  committee 


OLEAN  FLOOD  ABATEMENT 


General   Layout   of   Olean   Work. 

of  representative  citizens  was  formed  by  the  Chamber 
of  Commerce,  and  unlike  in  the  case  of  previous  efforts, 
it  was  made  up  of  men  who  had  no  personal  interest  in 
the  abatement  of  floods.  After  a  thorough  study  of  the 
subject  a  plan  was  recommended  and  adopted  by  the  Com- 
mon Council;  a  bill  introduced  in  the  state  legislature 
appropriating  $150,000  contingent  upon  the  city  of  Olean 
raising  a  like  amount. 

After  two  years  of  effort  this  bill  became  a  law  and  the 
local  appropriation  carried  by  the  taxpayers  by  a  vote  of 
six  to  one.  A  Flood  Abatement  Commission  came  into 
existence  under  the  statute.  O'Connor  &  Chapman,  of 
Albany,  N.  Y.,  were  employed  as  executive  engineers  and 
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Cross   Section    of    Channel    Excavation. 

prepared  plans  subject  to  the  approval  of  the  Superin- 
tendent of  Public  Works,  State  of  New  Y'ork,  for  a  flood 
prevention  system  which  involves  the  straightening, 
widening  and  deepening  of  the  channels  and  the  building 
of  an  S'/i-mile  earthen  dike  as  well  as  the  installation 
of  6  electrically  driven  pumping  plants,  which  will  take 
care  of  the  sewage  and  the  discharge  of  lateral  streams 
at  flood  time. 

The  James  M.  Hamilton  Contracting  Co.  of  New  York 
was  awarded  the  content.  This  company  has  |50,000  worth 
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of  plant  on  the  ground  and  a  force  of  over  a  hundred  men 
working  day  and  night  with  the  hope  of  having  the  bulk 
of  the  work  completed  before  the  closing  in  of  winter. 

The  accompanying  cuts  show  how  the  new  channels  are 
provided  for  the  Olean  Creek  and  the  bends  are  cut  off, 
which  shorten  the  stream  over  three-quarters  of  a  mile 
within  the  city  limits. 

Notwithstanding  the  fact  that  the  fund's  did  not  become 
available  until  Sept.  15,  1915,  the  plans  have  been  made, 
approved  by  state  authority,  the  contract  let  and  the  work 
about  one-third  completed.  This  project  is  believed  to 
hold  the  record  for  speed  as  it  ordinarily  requires  two 
years  to  secure  plans  for  this  type  of  work  and  their  ap- 
proval by  state  and  federal  authorities.  This  is  stated  to 
be  the  largest  flood  abatement  project  ever  undertaken  in 
the  state  and  has  received  the  largest  single  appropria- 
tion ever  made  by  the  state  for  a  similar  purpose. 

The  financing  of  this  project  was  accomplished  pri- 
marily through  an  educational  campaign  consisting  of 
newspaper  publicity,  illustrated  lectures  and  personal  in- 
terviews and  the  dissemination  of  information  in  every 
possible  manner  until  the  entire  community  became  thor- 
oughly informed  on  the  project  and  got  solidly  behind  it. 


The  Osgood  Shovel  on   18- Ft.  Sewer  Trench  Cut. 

In  addition  to  the  $300,000  provided  by  the  city  and 
state  the  individual  land  owners  and  corporations,  whose 
properties  are  affected  by  the  work,  have  contributed  over 
$200,000  worth  of  lands  and  service  in  the  way  of  bridge 
extensions  and  other  alterations  to  their  property  made 
necessary  by  the  work.  Besides  the  right  of  way  over  a 
hundred  acres  of  lands  have  been  donated  to  the  city, 
which  will  be  graded  in  connection  with  the  flood  abate- 
ment work  and  afterwards  used  as  parks  and  play- 
grounds. Many  of  these  lands  have  frontage  on  principal 
streets,  and  when  the  improvement  is  completed  will  have 
a  value  little  short  of  the  total  cost  to  the  city  of  the 
entire  project. 


TRENCH  EXCAVATION  WITH  STEAM  SHOVEL. 

Trenching  in  sewer  construction  with  steam  shovels  is 
a  comparatively  recent  development  in  the  excavation 
field.  In  the  last  few  years,  however,  this  excavating 
method  has  been  much  used  on  many  large  sewerage  un- 
dertakings. The  accompanying  illustration  shows  a 
shovel  that  has  been  used  extensively  for  work  of  this 
kind.  This  is  the  Osgood  Model  18,  revolving  traction 
steam  shovel,  manufactured  by  the  Osgood  Co.,  Marion,  0. 
The  shovel  shown  is  equipped  with  boom  raising  and  low- 
ering device. 

This  latter  device,  which  also  is  used  on  other  makes 
of  shovels,  adds  much  to  the  flexibility  of  the  digging  op- 
trations.  By  means  of  it  the  boom  can  be  raised  to  the 
highest  possible  angle,  so  that  it  can  make  high  cuts  and 


load  to  an  extreme  height.  It  also  permits  the  boom  to 
be  lowered  to  an  almost  horizontal  position  for  making 
deep  cuts,  dumping  material  at  the  furthest  possible  dis- 
tance from  the  shovel,  and  enables  the  shovel  to  be  moved 
under  trolley  wires  and  other  low  obstructions. 

The  shovel  shown  in  the  halftone  is  equipped  with 
19-ft.  dipper  handle  and  is  excavating  to  a  depth  of  18  ft. 
A  %-yd.  dipper  was  used  on  this  particular  job.  In  recent 
work  the  Osgood  18,  equipped  with  the  boom  raising  and 
lowering  device,  is  stated  to  have  excavated  a  sewer  trench 
46  in.  wide,  15  ft.  deep  and  150  ft.  long  in  a  9-hour 
day.  The  material  consisted  of  very  dry  and  hard  clay 
mixed  with  boulders.  After  the  pipe  was  laid  the  shovel 
refilled  the  trench.  On  another  job  this  machine,  simi- 
larly equipped,  excavated  a  sewer  trench  17  ft.  deep,  9  ft. 
wide  and  76  ft.  long  in  7V2  hours,  loading  one  half  of  the 
material  into  wagons  and  depositing  the  other  half  on  one 
side  of  the  trench. 


REPORT  FORM  FOR  STEAM  SHOVEL  WORK. 

A  steam  shovel  report  form  that  was  used  to  a  consid- 
erable extent  by  the  U.  S.  Corps  of  Engineers  in  the  con- 
struction of  the  Dalles-Celilo  Canal,  is  shown  below.  This 
form,  which  is  reproduced  from  The  Excavating  Engi- 
neer, was  prepared  by  Mr.  L.  T.  Russell,  now  western 
sales  agent  of  the  Bucyrus  Co.,  at  the  time  work  was 
started  on  the  canal.  The  form  was  intended  for  use  in 
connection  with  foremen's  slips  which  were  turned  in 
daily.  One  of  these  slips  was  made  up  by  the  dump  boss, 
one  by  the  steam  shovel  engineer  and  one  by  the  general 
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Report   Form   for  Steam   Shovel  Work. 

foreman.  Each  showed  the  number  of  men  employed,  to- 
gether with  their  rates  of  pay  and  the  hours  worked.  The 
three  together  were  intended  to  cover  all  material  and 
labor  used  in  connection  with  one  day's  work.  Each  eve- 
ning or  on  the  following  morning  the  timekeeper  filled  out 
the  report  blank  from  the  information  given  on  the  above 
mentioned  slip.  This  he  supplemented  to  a  limited  extent 
from  his  own  time  book.  A  good  feature  of  this  form  is 
that  it  not  only  gives  the  record  of  the  day's  excavating 
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and  the  cost  thereof,  but  it  carries  forward  each  day  the 
amount  of  excavation  done  to  date,  as  well  as  the  cost. 
This  report  blank  worked  out  very  well  in  practice. 


COMBINATION  HYDRAULIC  AND  DIPPER  DREDGE. 

A  combination  hydraulic  and  dipper  dredge  will  be  used 
by  the  State  Department  of  Public  Works  of  Ohio  for 
maintenance  work  and  other  purposes  on  Lake  St.  Marys, 
one  of  the  artificial  bodies  of  water  controlled  by  the 
state.  This  lake  has  an  area  of  about  19,000  acres  and 
the  earth  for  the  construction  of  the  embankments  was 
taken  from  borrow  pits. 

The  Department  intends  to  pump  these  borrow  pits  full 
of  earth  and  also  to  construct  artificial  islands  in  the 
lake.     The  dipper  feature  was  included  in  order  to  con- 
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showed  no  ore,  and  consequently  the  plan  described  under 
(2-b)  was  adopted  and  the  roads  laid  out  on  the  ground 
to  cover  the  ore  bodies  and  their'probable  extensions  with 
100-ft.  squares,  with  the  minimum  amount  of  road  build- 
ing. 

The  cost  of  the  road  building  for  the  period  considered 
was  as  follows: 

Li-'ibor  and  supplies $22,06r> 

Footage   of  road 15,002 

Cost  per  foot ?l.d2 

About  this  time,  owing  to  the  expense  of  delivery  of 
the  coal  and  the  proximity  to  the  central  power  house,  it 
was  decided  that  some  cheaper  power  could  be  secured, 
and  finally  electrical  power  was  decided  upon  as  offer- 
ing the  most  advantages  and  the  fewest  disadvantages. 
Accordingly,  two  No.  22  Armstrong  drilling  rigs  without 
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Combination   Hydraulic  and  Dipper  Dredge  of  Ohio   Department  of       Public  Works. 

struct  channels  and  to  remove  stumps  in  the  lake.     The  engines  or  boilers  were  secured  and  equipped  with  25-h.p., 

contract  price  for  the  dredge,  shown  in  the  illustration,  230  volts,  94  amperes,  400  to  1,200  r.  p.  m.  motors, 

including  hull  and  one  20  by  40  ft.  scow,  together  with  At  the  same  time  an  arrangement  for  steering  the  ma- 

400  ft.  of  pontoon  pipe,  was  $13,900.  The  idea  was  t-volved  chines  when  moving  was  devised  and  installed  on  each 

by  H.  R.  Klepinger,  Assistant  Superintendent  State  De-  machine.     The  moving  was    accomplished    by  means  of 

partment  of  Public  Works.  "dead  men"  and  the  drilling  lope  and  reel.    This  arrange- 

ment   was    somewhat    less   convenient   than   that    of   the 

COMPARATIVE  COSTS  OF  CHURN  DRILLING  WITH  f.^^^m  drill    which  was  self-propelling.     A  transmission 

<5TPAM   ANn  Fi  FPTRir  POVVKR  ''"^  ^'^^^  ^*-  ^°"^'  °^  ^^^  following  specifications,  was  m- 

blEAM  AND  ELbtlKlL  POVVLK.  stalled  from  the  power  house  at  the  following  cost: 

Interesting    comparative    costs    of    churn    drilling    with  2,S60  ft.  cable,  OOOO  rubber-covered  standard. 

steam  and  electric  power  are  given  in  a  paper  by  Mr.  Ar-  hIbV'-..'^.'^!'.\!'°.!'.'^V™:"!"^.."'.^.'.'!'."^<.'".V'^                                 4S7 

thur  Notman,  Bisbee,  Ariz.,  in  the  recently  issued  Trans-     Supplies    ■  1.435 

actions  of  the  American  Institute  of  Mining  Engineers.  Total   $1,922 

The  drilling  was  done  in  connection  with  the  prospecting  From  the  main  line,  which  was  run  approximately  par- 

of  Sacramento  Hill,  which  is  a  mass  of  granite  porphyry  allel  to  the  axis  of  the  hill,  temporary  lines  of  the  flat 

intruded  along  a  fault  between  Paleozoic  sediments  and  cable  were  run  to  the  drill  locations. 

pre-Cambrian    schists    in    the    Bisbee    District,    Cochise  Tables  I  and  II  give  the  costs  obtained  in  this  work. 

County,  Arizona.  The  figures  for  No.  1,  or  the  steam  drill,  cover  a  period  of 

The  general   plan   adopted   for  the   drilling   of   Sacra-  22  months,  during  which  time  12,153  ft.  were  drilled  in 

mento  Hill  was  outlined  as  follows:  outside  ground  and  16,617.5  ft.  in  Sacramento  Hill.     The 

1.  The  drilling  of  a  line  of  holes  to  crosscut  the  area  of  figures  for  the  Nos.  2  and  3  electric  drills  cover  a  period 
the  hill  between  the  two  well-mineralized  areas  at  either  of  only  31/2  months. 

end.    The  purpose  of  this  work  was  to  determine  at  the  table  i.— no.  1  churn  driliL  (operated  bt  steam). 

earliest  moment  the  approximate  extent  of  the  ore  bodies,  ^^r^'ing                                                                         ^°|'  p®*"  ^°°'- 

2.  a.    In  case  the  ore  bodies  were  proved  continuous        pfshPn^,  ■ ■•■  "•'"•■' 

by  (1),  the  whole  area  of  the  hill  was  to  be  drilled  at  the  Movinc  . ......'i.'i.'.'i.'ii.i.'ii.'i.'.'.'.'i.'.'.'.i.'i.'.W;;.'..!;.-;.;;  o'.m 

corners  of  200-ft.  squares,  with  intermediate  holes  where        Repairing   L^jo  ssi 

the  irregularity  in  outline  of  the  ore  seemed  to  require  it.  ^^[P^^j*^- 

b.    In  case  this  work  proved  the  central  portion  of  the        Casinp   '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.]'.'.'.'.['.'.'.'..'"."  ". 'ooifi 

hill  to  be  barren,  the  work  was  to  be  laid  out  on  100-ft.  ?ordL"/e"°.'^::::::::::;::::::::::;::::::::::::''-'--- ••■'••  o'os? 

squares,  with  the  ore  developed  underground  as  starting        Miscellaneous  ?.'!!!!."!.'!!!!.'!!.'!!!!;!!. ■!.';,.'!!.■..■;  o!o62 

points.    Here,  too,  when  it  seemed  necessary,  intermediate     storehouse,  water  line,  air  une,  and  steam  line $0:029 

holes  were  to  be  driven.  Total   THoi 

With  these  objects  in  view,  a  road  was  constructed  to     Footage  driiied.  z's.vToii.  ■ 

drill  the  line  of  holes  called  for  by    (1).     These  holes  L'i^f^rcotl'tkul  '"*""  ''''"•  '" 
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TABLE  II.— NOS.   2   AND  3  CHURN  DRILLS   (OPERATED  BY 

ELECTRICITY). 

Labor:  Cost  per  fool. 

Drilling    , $0,466 

Casing    , 0.14S 

Fishing     , 0.072 

Moving     0.204 

Repairing    ■  •  0.084 

Supplies: 

Casing    $0,021 

Drilling   tools    0-066 

Cordage   0.093 

Miscellaneous    0.194 

$0,373 

Electric  power 9'5?? 

Teaming   •  0-0^° 

$1,425 


and  3.  $20,322. 


Total     

Footage  drilled,   8.294. 
Footage  drilled  per  8-hr.  shift,  15.2. 
Initial  costs,  $6,679. 
i^ectric»power  line: 

Labor,  $487. 

Supplies,  $1,435 
Grand  total  drills  Nos. 
Grand  total  drill  No.  1,  $44,060. 
Assaying  cost,  $1,132. 
Roads: 

Labor,  $21,065. 

Supplies,  $1,010.  

Grand  total  $2,385 

Total   footage,    37,064%- 
Average  depth  of  hole,  feet,  427. 
Footage  of  roads,   21.814. 
Cost  per  foot  of  roads.  $1.01. 

The  following  table  gives  the  cost  for  the  steam  drill 
on  Sacramento  Hill  alone: 

TABLE   III.— NO.    1    CHURN   DRILL   (SACRA.MENTO  HILL). 
Labor'  Cost  per  foot. 

Drilling    *5-15? 

Casing    0.0.6 

Fishing   0-015 

Moving   "■!'» 

Repairing     < u.iu» 

Supplies: 


Coal 


$0,836 

0.102 

Miscellaneous • 21}? 

Water   lines    : 0.014 

Teaming ■  0-051 

Total     , ^1-115 

Footage   drilled,    16,6171^. 

Footage  drilled  per  8-hr.  shift,  20.4. 

Teaming  estimated. 

It  is  not  quite  fair  to  compare  the  figures  in  Table  III 
with  those  for  the  electric  drills,  as  the  larger  part  of 
the  work  by  No.  1  was  done  in  nearly  barren  ground  of 
uniform  character,  while  that  of  the  electric  drills  was 
done  entirely  in  ore-bearing  ground,  where  the  changes 
from  strongly  silicified  leached  capping  to  soft  enriched 
ore,  and  harder  primary  material,  rendered  the  drilling 
much  more  difficult.  For  a  three  months'  period,  in  which 
the  drills  were  working  under  essentially  similar  condi- 
tions, the  following  figures  were  obtained: 

OPERATING  EXPENSE. 

No.  1  Steam.      No.  2  Electric.  No.  3  Electric- 

Cost  per  foot $1-34  $1.56  $1.15 

Footage  drilled    4,169  3,198  4,510 

Analysis  of  the  working  conditions  shows  that  No.  2 
drill  was  operating  in  exceptionally  bad  ground  and  that, 
while  not  conclusive,  these  figures  indicate  that  eventually 
the  electric  drills  should  be  operated  at  from  10  ct.  to 
25  ct.  per  foot  cheaper  than  the  steam  drill,  under  the  con- 
ditions obtaining. 

The  work  was  conducted  as  follows:  It  was  carried 
out  under  the  immediate  supervision  of  a  drill  superin- 
tendent, and  operations  were  continuous  in  three  8-hour 
shifts,  excepting  on  Sundays.  Each  shift  on  each  ma- 
chine consisted  of  one  driller,  one  helper  and  one  sampler. 
There  was  also  a  chief  sampler,  who  was  responsible  for 
the  sampling  on  all  drills.  On  day  shift  there  was  one 
team  with  a  driver  and  helper  for  approximately  half  a 
shift  to  deliver  coal  for  the  steam  drill,  wood  for  drying 
samples,  to  haul  supplies,  repair  parts  to  and  from  the 
machine  shop,  casing,  samples  and  miscellaneous  eq^iip- 
ment  when  the  drill  was  moving  from  one  hole  to  another. 
The  electrie  drills  were  equipped  with  portable  forges 
operated  by  electric  motors,  while  the  steam  drill  was 
equipped  with  a  forge  operated  by  a  small  steam  turbine. 
Both  smithing  coal  and  coke  were  used  in  these  forges. 

The  routine  duties  of  the  various  members  of  the  crew 
were  as  follows:  The  driller  was  in  charge  of  and  op- 
erated the  machine;  the  helper  oiled  the  machine,  dressed 
bits  and  assisted  and  relieved  the  driller  when  necessary ; 
the  sampler  arranged  for  the  sampling  of  the  sludge 
every  5  ft.,  the  drying  of  the  sample,  the  tagging  and  re- 


cording of  the  sample  and  its  transportation  to  the  assay 
office.  When  not  engaged  in  sampling  he  was  at  the  call 
of  the  driller  for  repairing,  bit  setting  or  moving.  The 
chief  sampler,  one-half  of  whose  time  was  devoted  to  the 
supervision  of  underground  sampling,  had  general  charge 
of  the  drill  sampling  and  kept  the  office  records  up  to 
date. 

In  the  costs  given  the  sampler's  time  is  included  in  the 
labor  charge,  as  only  a  small  portion  of  his  time  is  really 
chargeable  to  sampling. 

The  tools  used  were  standard  and  are  of  no  particular 
interest  in  a  discussion  of  costs,  excepting  that  lack  of 
proper  tools,  or  a  sufficient  number  of  them,  is  undoubt- 
edly a  most  frequent  cause  of  high  labor  costs  in  churn 
drilling.  The  labor  and  supply  charges  for  casing  de- 
pend entirely  on  the  character  of  the  ground  drilled,  and 
so  comparisons  of  these  items  for  the  two  kinds  of  ma- 
chines are  of  no  value.  The  time  lost  in  fishing  depends 
on  the  character  of  the  ground,  the  supply  of  tools  and 
the  nature  of  the  power.  Experienced  drillers  operating 
a  steam  drill  are  able  to  tell  immediately  when  there  is 
danger  of  the  tools  sticking  by  the  character  of  the -ex- 
haust, and  by  taking  necessary  precautions  can  avoid 
undue  strain  on  the  drilling  rope  and  possible  loss  of  the 
tools.  In  the  case  of  the  motor-driven  drill  this  becomes 
a  matter  of  much  more  delicate  observation,  and  to  inex- 
perienced men  offers  considerable  difficulty.  This  is  in- 
dicated by  the  increased  loss  of  time  in  fishing  with  the 
electric  over  the  steam  drills  and  the  slightly  increased 
cordage  expense. 

The  labor  of  moving  is  practically  the  same  with  both 
types  of  drill.  The  repair  labor  item  for  the  steam  drill 
is  higher,  due  partly  to  inherent  disadvantages  and  partly 
to  the -fact  that  it  was  a  second-hand  machine. 

In  considering  the  cost  of  power  on  the  two  types  we 
encounter  the  widest  difference  in  the  cost  of  operation. 
Unfortunately,  the  cost  of  teaming  on  the  steam  drill,  at 
least  60  per  cent  of  which  is  chargeable  to  the  coal,  is 
not  very  accurate,  owing  to  the  fact  that  stable  expense  in 
the  past  has  been  very  roughly  segregated.  This  would 
indicate  a  cost  of  17^2  ct.  per  foot  for  the  coal  and  an- 
other 2I2  ct.  for  pipe  lines,  or  a  total  of  20  ct.  per  foot. 

Electric  power  cost  only  3.3  ct.  There  is  no  teaming 
to  be  charged  against  it,  while  the  proper  charge  for  the 
installation  of  the  power  line  depends  on  the  amount  of 
drilling  to  be  done.  For  a  minimum  of  30,000  ft.  this 
would  amount  to  6.4  ct.  per  foot,  or  a  total  of  9.7  ct.  per 
foot,  or  less  than  one-half  the  power  cost  of  the  steam 
drill. 

The  4  ct.  difference  in  the  item  of  drilling  tools  in 
favor  of  the  electric  drill  is  more  apparent  than  real, 
inasmuch  as  the  steam  machine  was  put  into  commission 
more  than  a  year  prior  to  the  starting  of  the  electric 
drills,  and  some  of  the  tools  then  purchased  have  been 
used  on  all  machines. 

The  13  ct.  difference  in  miscellaneous  supplies  in  favor 
of  the  steam  drill,  on  the  other  hand,  is  due  to  the  fact 
that  a  considerable  portion  of  this  item  might  very  rea- 
sonably have  been  charged  to  initial  costs. 

The  initial  costs  include  the  purchase  price  of  the  ma- 
chines, the  freight  and,  with  the  exception  just  noted,  all 
additional  permanent  equipment. 

The  road  building  completed  is  sufficient  for  a  total  of 
60,000  ft.  of  drilling  to  an  average  depth  of  400  ft.,  or  a 
cost  of  36.8  ct.  per  foot  of  hole  drilled.  The  assaying  cost 
amounts  to  3.5  ct.  per  foot. 

The  initial  costs  of  the  three  machines,  distributed  over 
a  minimum  of  60,000  ft.,  amount  to  17.2  ct.  per  foot. 

These  figures  would  indicate  the  following  complete 
costs  for  60,000  ft.  of  drilling: 

Cost  per  foot 

$0.1: 

....   1.4.^ 
..  0.37 

"$1571 

A  salvage  of  7  ct.  a  foot  on  the  initial  costs  might  be! 
reasonably  allowed,  and  it  seems  probable  that  the  op- 
erating expense  can  be  lowered  another  5  ct.  to  10  ct.  per 


Initial    costs    

fiperatlng  expense 
lluart    building    ... 


it. 
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foot,  giving  an  average  cost  of  about  $1.80  per  foot  for  a 
minimum  of  60,000  ft.  of  drilling. 

The  conclusions  warranted  by  the  costs  obtained  so 
far  are: 

1.  That  60  to  75  per  cent  of  the  operating  cost  is  labor. 

2.  That  the  labor  item  is  materially  affected  by  the 
supply  of  tools  and  the  accessibility  to  a  machine  shop 
for  heavy  repairs. 

3.  That  the  choice  of  power  in  churn  drilling  cannot 
affect  the  costs  obtained,  excepting  to  a  very  minor  extent. 
In  the  present  case  the  low  cost  of  electrical  power,  due 
to  the  proximity  to  the  central  power  house,  determined 
the  selection. 


A  CAR  UNLOADING  DEVICE. 

The  difference  between  profit  and  loss  in  hauling  often 
depends  upon  the  time  required  to  load  the  wagons  or 
trucks.  In  general  motor  truck  operation,  for  example, 
the  average  truck  loses  more  time  at  the  loading  station 
than  at  any  other  point  on  its  entire  route.     Numerous 
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an  overthrow  across  the  wagon  or  truck.  The  loader  skip 
is  made  in  two  sizes:  1  cu.  yd.  and  l'.i  cu.  yd.,  the  com- 
plete weight  of  the  former  being  325  lbs.,  and  of  the 
latter  410  lbs.  It  is  so  constructed  that  it  can  be  quickly 
dismantled  and  handled  with  ease  by  one  or  two  men. 


SPECIAL  RIMS  FOR  ADAPTING  MOTOR  TRUCK 
TO  RAILROAD  TRACK. 

Detachable  rims  for  use  on  motor  truck  wheels  to  en- 
able them  to  run  on  railroad  tracks  have  been  developed 
recently.  The  possibilities  of  this  invention  were  pointed 
out  in  an  editorial  in  the  July  19  issue  of  Engineering  and 
Contracting,  reference  being  made  to  the  employment  of 
trucks  for  the  transportation  of  U.  S.  troops.  The  de- 
tachable steel  flanges  used  on  these  trucks  were  invented 
and  perfected  by  Mr.  A.  L.  Riker,  vice-president  and  chief 
engineer  of  the  Locomobile  Co.  of  America,  Bridgeport, 
Conn.  The  accompanying  illustration  shows  a  Riker  truck 
being  fitted  with  the  flanged  steel  rims. 

The  flanges  are  made  of  steel,  cast  and  machined  in  one 


Riker  Tn.ck   Being   Fitted   Vy/ith   Flanged   Steel   Rims. 


devices  have  been  invented  to  facilitate  loading  opera- 
tions. The  accompanying  illustration  shows  one  of  par- 
ticular interest  to  contractors.  This  is  the  "Lightning" 
Loader  Skip,  manufactured  by  the  Heltzel  Steel  Form  & 
Iron  Co.,  Warren,  O.     This  skip  is  easily  and  quickly  at- 


piece  and  sawed  apart  at  the  bolt  lugs.  The  inside  fits 
the  rubber  tire  exactly.  To  put  them  on,  the  car  is  jacked 
up,  the  flanges  placed  over  the  rubber  tires  and  pounded 
into  place  with  a  mawl,  and  the  bolts  inserted  and  drawn 
up  tight.  With  two  men  working  at  each  wheel  the  com- 
plete set  of  flanged  rims  can  be  put  on  or  removed  in  from 
10  to  15  minutes. 


The    Heiskel   "Lightninj"    Loader   Skip. 

tached  to  a  steel  or  wooden  railroad  car.  The  height  is 
adjustable — it  is  applicable  to  a  high  or  low  car.  The 
angle  of  dump  is  controlled  by  means  of  a  lever.  The 
gate  opens  by  gravity,  retarding  materials  and  preventing 


METHODS  FOR  DETERMINING  SUBSIDENCE  AND 
SHRINKAGE  IN  EARTHEN  EMBANKMENT. 

Some  interesting  methods  are  being  used  by  the  Board 
of  Levee  Commissioners  of  the  Orleans  Levee  District 
for  determining  the  subsidence  and  shrinkage  in  earthen 
embankments  now  being  constructed  in  the  district.  For 
this  purpose  2-in.  and  3-in.  test  pipes  are  placed,  their 
distance  apart  depending  entirely  on  ground  conditions. 

On  rear  levees,  especially  along  canals,  bayous  or 
through  prairie  and  marsh  lands,  pipes  are  placed  every 
300  to  500  ft.  At  present  they  are  placed  every  fifth  sta- 
tion and  along  the  center  line  of  the  levee.  The  length 
of  pipes  depends  upon  ground  conditions,  such  as  strata 
formation  and  gross  height  of  levee. 

Upon  one  particular  levee  the  sectionand  grade  and 
conditions  are  as  follows:  Crown,  10  ft.  wide;  slopes, 
3:1;  net  fill,  8  ft.,  with  20  per  cent  added  for  shrinkage, 


making  gross  fill  about  9.6  ft.  The  contractors  are  being 
paid  for  pit  measurements,  subsidence  and  shrinkage 
being  taken  for  a  record.  On  all  previous  contracts  the 
contractors  were  paid  for  the  net  section  in  embankment, 
but  were  required  to  build  the  le\-ee  to  the  gross  height 
(being  20  per  cent  above  the  net  fill),  as  indicated  by 
dotted  lines  on  the  sketches,  subsidence  as  measured  being 
allowed  and  paid  for  at  the  contract  price  per  cubic  yard. 


p:  N  G  I  N  E  E  R  I  \  G 
AND      CONTR.JlCTING 

ARRANGEMENT  FOR  VARYING  LEVEL  OF  RAIL 
AT  TURNTABLE. 

For  some  years  the  Atchison,  Topeka  &  Santa  Fe  has 
been  using  wedge  shaped  tie  plates  for  supporting  the 
rails  for  carrying  traveling  cranes  in  its  machine  shops 
and  roundhouses.  Recently  this  type  of  plate  has  been 
employed  for  supporting  the  circle  rail  on  the  100-ft.  turn- 
tables of  the  company.    The  sketch  shows  the  arrange- 
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On  the  rear  protection  levee  as  being  built  the  2-in. 
pipes  are  20  to  25  ft.  long,  being  threaded  at  one  end  to 
permit  lengthening  the  pipe  when  necessary.  The  3-in. 
pipes  are  12  ft.  long  and  are  threaded  at  both  ends.  One 
end  screws  in  the  8-in.  flange  and  the  other  end  is  length- 
ened when  necessary,  or  fitted  with  a  cap  to  prevent  dirt 
from  getting  in.  On  this  particular  levee  the  humus 
strata  varies  from  5  ft.  to  12  ft.  in  depth. 

First,  the  2-in.  pipe  is  driven,  as  shown  in  the  sketch, 
until  sufficient  penetration  is  secured,  through  good  solid 
earth,  so  that  pipe  cannot  be  disturbed  by  the  super- 
imposed weight.  The  top  of  this  pipe  serves  as  a  bench 
mark. 

Two  pieces  of  boards  2  in.  x  12  in.  x  7  ft.  are  spiked 
together  as  shown.  The  8-in.  flange  is  fastened  v^'ith  four 
lag  screws.  Into  this  flange  is  screwed  the  3-in.  pipe,  the 
top  of  the  pipe  being  fitted  with  a  cap.  The  above  is 
then  slipped  over  the  2-in.  pipe  so  that  the  boards  lay 
flat  upon  the  original  ground  surface.  The  elevation  of 
the  top  of  this  3-in.  pipe  is  then  taken. 

The  levee  is  then  built  to  the  grade  and  section  as  pre- 
scribed. On  the  rear  levees  it  is  not  always  possible  to 
build  to  the  prescribed  grade  in  one  lift.  However,  the 
height  that  the  embankment  is  built  to  is  marked  on  the 
3-in.  pipe.  For  illustration,  it  will  be  considered  as  built  to 
gross  height  in  one  lift,  and  the  3-in.  pipe  marked  as 
shown  in  Fig.  2.  The  elevation  of  the  top  of  the  3-in.  pipe 
and  the  elevation  of  the  mark  is  taken.  The  difi'erence 
in  elevation  between  the  original  and  final  levels  of  the 
top  of  the  3-in.  pipe  gives  the  amount  of  subsidence.  The 
comparison  in  elevation  between  the  mark  on  the  pipe 
and  the  elevation  of  the  earth,  when  taken,  gives  the 
shrinkage. 

For  illustration,  if  the  top  of  the  3-in.  pipe  when  set 
was  36.0  and  the  top  of  the  embankment  35.0  and  the 
final  elevations  of  the  top  of  the  3-in.  pipe  34.0  and  the 
top  of  the  embankment  34.5,  then  the  subsidence  would 
be  2.0  ft.  and  the  shrinkage  0.5  ft.  The  object  in  mark- 
ing the  pipe  is  to  determine  the  relative  conditions  of 
shrinkage  and  subsidence  after  the  embankment  is  built. 

In  paying  for  subsidence  the  area  A  B  C  D  A  (Fig.  2) 
is  the  area  paid  for,  B  O  and  C  0  being  the  subsidence 
as  measured.  If  the  shrinkage  is  above  the  estimated 
amount  the  contractor  is  paid  for  the  additional  work  at 
the  contract  price. 

C.  T.  Rayner,  Jr.,  is  Chief  Engineer  of  the  Commis- 
sioners of  the  Orleans  Levee  District. 


ment  adopted  for  the  new  turntable  at  Albuquerque, 
N.  Mex.  The  tie  plates  allow  of  a  variation  both 
of  the  position  and  of  the  level  of  the  rail.  The 
lowest  adjustment  is  1  1  10  in.  high  and  the  highest 
adjustment  is  1 7/10  in.  high.  The  adjustment  is 
made   by   driving  the   upper  plate  forward   or  back  and 
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Tie    Plate   for    Adjusting    Rail    Heights. 

when  the  required  elevation  is  secured  it  is  maintained 
by  a  pair  of  screw  spikes  against  the  plate.  The  plates 
are  8x11  in.  in  size,  with  a  thickness  of  1  in.  at  one  end 
and  14  in.  at  the  other.  A  pair  of  these  wedge  shaped 
plates  are  placed  on  each  tie,  the  rail  spikes  being  driven 
through  the  slots  in  the  plates.  The  arrangement  was 
devised  by  Mr.  A.  F.  Robinson,  Bridge  Engineer  of  the 
Athison,  Topeka  &  Santa  Fe  Ry. 
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EDUCATIONAL     ADVERTISING     AND     ITS     IN- 
FLUENCE ON  BUILDING. 

"Ignorance  is  the  greatest  obstacle  to  industrial  prog- 
ress. Advertising  is  a  dynamite  that  has  been  most  effec- 
tive in  blasting  ignorance  away." 

With  this  as  his  text  the  editor  of  Engineering  and 
Contracting  recently  addressed  the  Pittsburgh  Advertis- 
ing Club  in  a  talk  on  "Educational  Advertising."  Educa- 
tional advertising  was  defined  as  being  the  sort  of  pub- 
licity that  is  intended  primarily  to  teach  the  economics 
of  a  given  type  of  product  or  machine  rather  than  to 
effect  an  immediate  .sale  of  a  particular  product  or  ma- 
chine. 

There  are  thousands  of  contractors  using  horses  or 
mules  for  hauling  loads  that  can  be  more  economically 
hauled  with  motor  trucks  or  tractors.  Educational  adver- 
tising is  working  a  rapid  change  in  the  field  of  transpor- 
tation over  roads,  as  everyone  is  aware.  It  is  true  that 
engineering  journals  are  primarily  responsible  for  the 
publication  of  most  of  the  reliable  cost  data  relative  to 
motor  trucking,  but  it  is  not  the  province  of  the  engineer- 
ing journal  to  reprint  the  very  same  data  again  and 
again.  Yet  only  by  constant  iteration  and  reiteration  are 
all  the  readers  made  to  realize  that  a  given  fact  is  worthy 
of  their  serious  consideration.  This  reiteration  of  eco- 
nomic facts  is  the  true  function  of  the  advertiser,  and 
when  he  does  it  properly  and  truthfully  his  work  is  edu- 
cational advertising. 

More  and  more  has  advertising  come  to  be  truthful. 
Let  it  become  more  instructive — more  educational — and 
we  shall  have  ideal  advertising. 

At  the  great  convention  of  advertising  men  in  Phila- 
delphia last  summer  the  editor  was  impressed  with  the 
fact  that  "truth  in  publicity"  is  now  the  slogan  of  the 
army  of  men  who  conduct  advertising  campaigns.  But 
the  editor  was  sorry  not  to  see  equal  emphasis  laid  on 
the  greater  use  of  economic  data  in  advertising.  This, 
however,  will  soon  come.  Already  many  advertisers  are 
setting  forth  costs  and  giving  hints  as  to  the  best  ways 
of  using  their  products  under  given  conditions.  Some 
catalogs,  for  e.xample,  are  veritable  text  books,  full  of 
exceedingly  useful  information.  The  advertising  pages 
of  journals  contain  suggestive  photographs  and  text,  and, 
while  there  is  much  room  for  improvement,  the  march  is 
steadily  and  rapidly  onward  toward  ideal  educational  ad- 
vertising. 

In  the  building  field  certain  manufacturers — big  men 
of  far  vision — have  been  conducting  publicity  campaigns 
of  educational  nature.  We  wonder  whether  many  of  our 
structural  engineering  and  contracting  readers  who  are 
designers  or  builders  of  reinforced  concrete,  steel  and 
other  fireproof  buildings,  realize  to  what  extent  they  are 
indebted  to  the  advertising  that  these  manufacturers  have 
done.  When  you  see  the  nation  wide  exploitation  of  ce- 
ment, tile  and  reinforced  concrete  structures,  when  you 
read  the  advertisements  of  modern  plumbing,  heating  and 
ventilating  apparatus;  when  you  note  the  publicity  given 
to  fireproofing,  both  by  manufacturers  and  fire  insurance 
companies,  it  will  be  well  if  you  divest  yourself  of  the 
common  ideas  that  all  this  advertising  effects  merely 
a  profit  for  the  advertisers.  If  it  is  successful  advertising 
it  must  be  truthful.  If  it  is  truthful  it  must  win  pur- 
chases because  it  benefits  the  purchaser.  If  it  benefits  the 
purchaser  it  undoubtedly  does  as  much  good  for  the  pub- 
lic as  it  does  for  the  advertiser.    Indeed  it  is  safe  to  say 


that  for  every  dollar  expended  in  advertising,  the  public 
gains  many  dollars  in  efficiency. 

If  we  recall  aright  Mill's  "Logic,"  in  the  chapter  on 
"Fallacies,"  states  that  a  common  sophism  is  the  one  that 
argues  against  accepting  the  advice  of  a  person  who  profits 
if  you  accept  his  statements.  A  bargain  that  is  a 
good  bargain  is  always  profitable  to  both  parties 
to  the  transaction.  You,  as  a  reader  profit  by  sub- 
scribing for  this  journal,  and  the  publisher  profits 
from  your  subscription.  Indeed  all  co-operative  effort 
is  collectively  profitable,  and  the  bargains  between 
two  parties  are  merely  devices  for  splitting  up  and  shar- 
ing the  gain  resulting  from  co-operative  effort.  Let  those 
who  doubt  it,  go  back  to  old  Adam  Smith's  "Wealth  of 
Nations" — that  still  admirable  treatise  on  political  eco- 
nomics— and  read  his  analysis  of  the  mutual  gains  from 
fair  bargaining  and  co-operative  effort. 

Occasionally  some  thoughtless  engineer  speaks  slurring- 
ly  of  the  advertising  pages  of  engineering  papers,  seem- 
ingly regarding  them  as  akin  to  the  "balleyhoo"  shouting 
in  front  of  the  tents  of  a  circus.  But  such  engineers  are 
relatively  few,  and  their  number  grows  daily  less,  for  it 
is  plain  to  be  seen  that  advertising  is  an  educational  force, 
growing  steadily  more  powerful. 

The  socialists  have  it  that  all  advertising  is  waste  effort 
that  would  be  done  away  with  if  competition  were  elimi- 
nated. But  they  do  not  tell  us  how  the  elimination  of 
competition  will  also  eliminate  ignorance.  Education, 
they  must  grant,  would  remain  necessary  under  socialistic 
rule.  The  best  advertising  is  educational  and  will  never 
cease. 

Every  cradle  is  a  tiny  kingdom  of  ignorance,  and,  as  the 
kingdom  grows,  the  boundaries  of  ignorance  are  pushed 
back  only  a  little  at  best,  even  in  the  three  score  years 
and  ten  of  allotted  life.  Parents,  school,  books,  papers, 
publicity — all  are  mobilized  in  the  effort  to  drive  the 
encircling  ignorance  back  from  the  individual  mind,  yet 
never  with  more  than  a  modicum  of  success,  for  total 
knowledge  must  always  remain  vaster  by  far  than  the 
knowledge  encompassed  by  any  individual.  Educational 
advertising,  then,  must  remain  as  it  now  is,  among  the 
most  effective  means  of  enlightenment. 

Listen,  in  conclusion,  to  the  following  quotation  from  a 
recent  editorial  by  Mr.  S.  M.  Fechheimer,  B.  C.  E.,  in 
"Modern  Building": 

The  past  decade  has  seen  more  changes  and  development  in  methods 
of  building  than  any  of  the  preceding  ages.  All  tj-pes  of  buildings — 
houses,  offices,  stores,  factories,  etc. — show  evidences  of  these  mod- 
ern improvements.  What  were  considered  "new  fangled"  ideas  yes- 
terday have  become  necessities  today.  Questions  of  convenience, 
sanitation  and  comfort  have  become  so  important  that  it  is  almost 
literally  true,  as  said  by  another,  that  "The  good  American  mechanic 
would  not  be  satisfied  to  live  in  one  of  the  old-time  castles,  at  least 
unless  modern  heating,  lightigg  and  plumbing  were  installed." 

The  average  American  accepts  all  these  improvements  as  a  matter 
of  course  and  wonders  at  the  high  cost  of  building.  He  does  not 
stop  to  consider  that  the  modern  tile  bath  room,  for  instance, 
which  he  now  considers  a  necessity  was  the  height  of  luxury  a  few 
years  ago.  Indeed,  the  owner  today  gets  more  for  his  money  in  the 
way  of  solid  comfort  and  practical  usefulness  than  he  ever  did  in 
the  old  days,  when  labor  and  materials  were  cheap  and  partitions 
were  uselessly  built  2  ft.  thick. 

Much  less  do  persons  reaUze  one  of  the  principal  underlying  causes 
for  the  rapid  advance  in  building  methods.  Just  as  in  the  spread  of 
knowledge  generally,  so  here  the  development  of  the  printing  press 
has  played  an  important  part.  But  for  the  power  of  the  press  in 
spreading  information  quickly,  we  would  be  dwelling  largely,  in  the 
old  style  of  buildings.  In  our  ignorance  we  would  still  be  content 
with  tin  bath  tubs,  oil  lamps,  and  stove  heating.  Everywhere — in  the 
workshop    and    in    the   home — is   seen    the    influence    of   publicity   on 
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building.  How  else,  except  by  publicity,  would  It  have  been  possible  to 
bring  the  advantages  of  relnlorced  concrete  before  builders?  In  less 
than  a  decade  this  construction  has  developed  from  a  novelty  to  the 
standard  fireproof  construction.  The  leaders  In  thi.s  field  did  not  hesi- 
tate to  use  the  forces  of  publicity  in  their  sincere  efforts  to  place 
valuable  information  in  the  hands  of  architects,  engineers,  contractors 
and  owners. 

In  the  equipment  of  buildings,  publicity  has  played  the  same  im- 
portant part.  Manufacturers  did  not  hesitate  to  use  it  to  show  Im- 
proved methods  in  plumbing,  heating,  lighting,  painting,  etc.  Think 
back  In  your  own  e.xperience;  was  it  not  In  the  advertising  pages 
where  you  received  your  first  impressions  in  regard  to  many  of  the 
details  you  incorporated  in  your  building? 

Few  of  the  public  or  of  the  building  world  realize  the  service  which 
progressive  manufacturers  thus  have  rendered  in  influencing  better 
methods  of  building.  Courageously  and  unhesitatingly  these  men 
have  borne  the  expense  of  important  educational  work,  deriving  for 
themselves  only  those  incidental  benefits  that  come  from  the  use  of 
better  methods.  It  has  taken  big  men  with  big  ideas  to  do  w'ork  of 
this  kind  and  it  is  no  wonder  that  many  of  them  have  developed  big 
organizations. 

When  the  whole  story  of  modern  building  is  written,  you  will 
find  an  important  place  is  occupied  by  these  broad  gaged  manufac- 
turers who  have  unsparingly  used  the  forces  of  publicity  in  bringing 
their  improved  methods  before  prospective  builders.  Their  influence, 
more  than  any  other  single  factor,  is  responsible  for  the  high  class  of 
our  modern  building  construction. 


DID  AN  UNDERESTIMATE  OF  A  COEFFICIENT 

OF  FRICTION  CAUSE  THE  QUEBEC 

BRIDGE   DISASTER? 

We  raised  this  question  in  our  issue  of  Sept.  27  and 
as  yet  no  engineer  has  attempted  to  refute  our  affirmative 
answer  to  it.  One  of  our  readers  has  asked  whether  we 
are  certain  that  in  designing  the  rocker  joint  castings 
(one  of  which  broke  and  caused  the  Quebec  Bridge 
disaster)  a  coefficient  of  sliding  friction  of  only  10  per 
cent  was  assumed.  Our  authority  for  this  is  Mr.  A.  J. 
Meyers,  Chief  Draftsman,  Board  of  Engineers,  Quebec 
Bridge,  whom  we  quote: 

The  arrangement  of  castings  and  pins  shown  [the  universal  or 
rocker  joint  underneath  each  corner  of  the  span]  was'  demanded  by 
the  conditions  of  hoisting  to  place  in  the  biidge.  However,  to  take 
care  of  this  expansion  and  contraction,  the  lower  longitudinal  pin 
and  its  bearing  casting  were  polished  and  lubricated  to  insure  that 
the  friction  would  not  exceed  10  per  cent  of  the  vertical  end  reaction 
of  the  trusses  as  the  surface  slipped  under  the  end  thrusts  of  the 
span;  and  the  end  bents*  in  addition  to  taking  care  of  the  longitudinal 
wind  on  the  span  were  designed  to  resist  this  horizcntal  friction  force, 
which   was  estimated  at   300,000   lb. — Eng.    News,   Sept.    14,    WIG. 

When  we  read  this  statement  we  were  struck  with 
doubt  as  to  the  correctness  of  an  assumed  coefficient  of 
friction  of  only  10  per  cent  where  the  unit  pressure  is  so 
great  as  existed  in  this  case.  As  stated  in  our  issue 
of  Sept.  27  the  unit  pressure  was  not  less  than  5,360  lb. 
per  square  inch,  assuming  it  to  be  uniformly  distributed 
over  the  projected  area  of  the  longitudinal  pin  along 
which  sliding  was  to  take  place  in  the  event  of  tempera- 
ture variations.  We  also  stated  that  we  could  find  no 
tests  on  coefficients  of  starting  friction  of  journals  or 
pins  where  the  unit  pressure  exceeded  1,000  lb.  per  square 
inch.  Nearly  all  mechanical  engineers  and  some  civil  en- 
gineers know  that  the  coefficient  of  starting  friction  is 
not  a  constant  but  increases  with  increased  unit  pressure. 
Yet  here  was  a  design  of  an  important  part  of  the  equip- 
ment used  in  hoisting  this  huge  span  apparently  based  on 
two  assumptions  of  questionable  accuracy:  First,  that  the 
coefficient  of  starting  friction  at  a  unit  pressure  of  more 
than  5,000  lb.  per  square  inch  would  be  as  low  as  at  a 
few  hundred  pounds  per  square  inch.  Second,  that  a  low 
temperature  would  not  considerably  reduce  the  coefficient 
of  friction  of  the  lubricated  pin  bearing. 

Thurston's  tests  on  steel  journals  in  bronze  bearings, 
lubricated  with  sperm  oil,  indicated  that  up  to  pressures 
of  1.000  lbs.  per  square  inch  the  following  formula  ap- 
plies : 

f  —  0.015   to   0.02   'J'pT 

f  =  coefficient  of  starting  friction. 

p  =  pressure   in   lbs.    per  sq.    in. 

The  coefficient  of  starting  friction  increases  as  the  cube 
root  of  the  unit  pressure  up  to  1,000  lb.  per  square  inch. 
Who  knows  what  the  increase  is  up  to  5,000  lb.  per  square 
inch?  But  assuming  it  to  increase  at  this  rate  up  to 
5,000  lb.  per  square  inch,  we  deduce  from  this  formula 


that  the  coefficient  of  starting  friction  with  sperm  oil  lub- 
rication would  be  as  high  as  34  per  cent! 

It  is  obvious  that  if  the  coefficient  of  friction  actually 
approximated  34  per  cent,  whereas  the  design  of  the 
rocker  joint  was  based  upon  an  assumed  10  per  cent,  the 
horizontal  thrust  upon  the  casting,  resulting  from  a  tem- 
perature change,  was  in  itself  sufficient  to  account  for  its 
failure. 

II  should  also  be  noted  that  the  coefficient  of  friction  is 
a  function  of  the  temperature  of  the  lubricant,  the  co- 
efficient varying  inversely  with  the  temperature.  There 
are,  of  course,  several  other  variables  that  affect  the  fric- 
tional  resistance,  all  tending  to  cast  grave  doubt  on  the 
accuracy  of  the  assumed  10  per  cent.  Who  knows,  for  ex- 
ample, to  what  extent  a  lubricant  is  squeezed  out  of  a  pin 
bearing  after  a  few  days'  service?  The  lubricant  need 
only  leave  the  bearing  in  slight  measure  to  cause  a 
marked  rise  in  the  frictional  resistance. 

The  fact  that  the  breaking  of  one  of  the  rocker  joint 
castings  threw  a  double  load  on  another  rocker  joint  with- 
out breaking  it,  is  cited  as  proof  that  the  rocker  joints 
were  properly  designed  but  that  there  was  a  defect  in  a 
steel  casting  in  the  joint  that  broke.  This  is  by  no  means 
convincing  argument  even  for  vertical  loading,  and  it  is 
no  argument  at  all  if  a  horizontal  thrust  was  the  cause 
of  the  break,  as  we  believe  it  was. 

It  is  not  often  that  the  structural  engineer  finds  that 
a  correct  coefficient  of  friction  is  a  factor  of  vital  im- 
portance. Perhaps  this  accounts  for  the  fact  that  rela- 
tively few  structural  engineers  are  well  acquainted  with 
all  the  important  test  data  relative  to  friction.  Such 
disasters  as  the  recent  Quebec  Bridge  failure  and  Austin 
Dam  failure  should  serve  to  focus  attention  upon  the 
somewhat  neglected  coefficient  of  starting  friction,  par- 
ticularly under  great  pressures. 


THE    ADVANTAGES    OF    CO-PARTNERSHIP    BE- 
TWEEN ENGINEERS  AND  ARCHITECTS. 

A  partnership  between  a  structural  engineer  and  an 
architect  often  proves  an  ideal  union  of  the  economist 
and  the  artist.  Recently  the  personal  columns  of  civil 
engineering  journals  have  recorded  an  increasing  num- 
ber of  such  partnerships.  We  venture  the  prediction  that 
each  coming  year  will  witness  a  marked  increase  in  en- 
gineering-architectural co-partnerships. 

There  are  many  new  forces  at  work  that  tend  to  de- 
velop relationships  of  this  sort.  To  begin  with,  the  in- 
creasing wealth  of  the  country  leads  inevitably  toward  the 
construction  of  larger  and  better  buildings  of  all  sorts. 
The  financial  progress  of  every  nation  is  always  marked 
by  the  betterment  of  both  residential  and  industrial  build- 
ings. With  larger  investments  in  buildings  there  comes 
greater  care  in  selecting  the  designers.  And  when  an 
owner  gives  careful  thought  to  this  matter,  it  takes  no 
unusual  powers  of  perception  to  recognize  that  it  pays  to 
employ  a  designer  skilled  in  study  of  building  economics — ■ 
structural  engineering. 

As  observed  in  another  column,  educational  publicity  is 
playing  an  important  part  in  convincing  owners  that  it 
pays  to  build  for  permanence.  When  to  the  publicity 
effected  by  manufacturers  of  cement,  tile,  steel,  etc.,  there 
shall  be  added  the  publicity  that  individual  engineers 
and  structural  engineering  societies  can  effect,  owners 
will  more  commonly  d.emand  engineering  services  of  high 
order  in  the  designing  of  buildings.  We  believe  that  this 
demand  will  not  relate  to  industrial  buildings  only  but 
will  involve  residential  buildings.  Take,  for  example, 
the  problem  of  heating  a  house.  Here  is  an  engineering 
problem  of  no  mean  intricacy,  yet,  as  conditions  now 
exist,  its  solution  is  usually  left  to  the  mechanic  who  in- 
stalls the  heating  apparatus.  How  many  house  owners 
know  that  the  efficiency  of  the  average  furnace  is  less 
than  50  per  cent  and  that  it  could  be  raised  to  75  per  cent? 
How  many  know  that  the  heat  lost  through  the  window 
glass  constitutes  the  greatest  drain  upon  their  coal  bin, 
and  that  double  glazing  cuts  this  drain  in  two?  How 
many  know  that  cheap  and  defective  plumbing  not  only 


October    2, 
Vol.  XLVI. 


1916 

No.  17 


doubles  their  annual  maintenance  costs  but  results  in  a 
vast  waste  of  water  which,  directly  or  indirectly,  they 
must  pay  for?  How  many  know  that,  for  equal  illumina- 
tion, light  colored  interior  walls  decrease  the  monthly 
lighting  bills  as  compared  with  dark  walls?  How 
many  realize  that  white  exterior  walls  in  courts  and 
where  buildings  are  close  together  will  eliminate  at  least 
one  hour  of  artificial  illumination  daily?  How  many 
know  that  by  building  large  refrigerators  as  part  of  the 
house  they  can  not  only  cut  ice  bills  in  two  but  reduce  the 
cost  of  all  perishable  foods  by  buying  in  larger 
quantities? 

We  have  touched  but  a  few  of  many  economies  of 
household  operation  that  are  effected  by  the  design  of 
the  house,  yet  they  alone  would  justify  employing  an  en- 
gineer in  the  design  of  every  modern  residence. 

We  believe  that  an  engineer  who  specializes  in  house- 
hold economics  both  of  operation  and  construction  has  a 
better  chance  of  winning  clients  than  has  an  architect. 
Together  a  good  structural  engineer  and  a  good  architect 
should  easily  forge  ahead  of  any  firm  composed  only  of 
architects. 


A  NATIONAL  SOCIETY  OF  STRUCTURAL  EN- 
GINEERS. 

Evidence  multiplies  that  archiects  have  been  for  years 
striving  to  exclude  structural  engineers  from  the  build- 
ing field.  When  the  engineers  of  Illinois  started  out  to 
get  a  state  law  that  would  put  structural  engineers  on 
equal  footing  with  architects,  at  least  in  respect  of  au- 
thority to  design  commercial  buildings,  they  were  met  by 
an  architects'  lobby  that  came  within  an  ace  of  defeating 
their  effort.  The  structural  engineers'  license  law  of 
Illinois,  printed  in  full  on  another  page,  is,  to  some  ex- 
tent "a  thing  of  shreds  and  patches"  simply  because  many 
compromises  had  to  be  accepted  rather  than  witness  the 
defeat  of  the  bill. 

We  wonder  how  many  structural  engineers  in  other 
states  realize  the  extent  to  which  the  architects  have 
hemmed  them  in.  Let  it  not  be  assumed  that  a  mere  read- 
ing of  an  architect  license  law  tells  the  whole  tale.  After 
securing  a  state  law  that  requires  architects  to  "register," 
the  next  step  has  often  been  to  secure  the  passage  of  city 
ordinances  prohibiting  the  acceptance  of  plans  filed 
with  the  building  department  unless  indorsed  by  a  "reg- 
istered architect." 

Not  long  ago  an  architect  advertised  for  a  structural  en- 
gineering assistant.  Asked  why  he  did  not  advertise  for 
a  structural  engineer  as  a  partner,  he  replied:  "Our  so- 
ciety frowns  upon  any  such  association.  Architects  be- 
lieve in  keeping  the  engineer  in  his  place." 

Structural  engineers  have  ideas  as  to  their  "place"  that 
differs  quite  a  bit  from  the  ideas  of  most  architects.  In- 
dividually, however,  engineers  will  make  slow  headway 
against  the  organized  opposition  of  architects.  This  is  the 
primary  reason  why  every  state  should  have  its  associa- 
tion of  structural  engineers,  eventually  to  act  in  national 
unison  upon  all  matters  concerning  their  welfare. 

Beyond  this  reason  for  a  national  society  of  structural 
engineers  there  are  two  others:  First,  a  strong  national 
society  could  give  great  publicity  to  the  part  played  by 
the  structural  engineer  in  the  design  of  industrial  build- 
ings. This  alone  warrants  the  existence  of  such  a  so- 
ciety. Second,  the  problems  of  the  structural  engineer  are 
so  many  and  so  complex  that  a  separate  engineering  so- 
ciety is  needed  for  their  adequate  consideration. 

It  is  commonly  urged  that  there  are  enough  societies 
already,  and  that  what  is  now  needed  is  a  federation  of 
those  that  ajready  exist.  We  grant  that  such  a  federa- 
tion is  greatly  to  be  desired,  but  we  maintain  that  an 
autonomous  society  of  structural  engineers  is,  neverthe- 
less, a  great  desideratum. 


If  all  city  streets  were  properly  paved,  it  would  be  pos- 
sible to  wash  them  clean  at  night,  and  thus  reduce  disease 
to  say  nothing  of  increasing  the  comfort  of  all  "within 
the  city  gates." 
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STRENGTH    OF    CLAMPED    SPLICES    IN    CON- 
CRETE REINFORCEMENT  BARS. 

To  the  Editor:  I  have  read  Mr.  McCullough's  letter  to 
your  paper  in  regard  to  the  strength  of  Clamped  Splices  in 
Reinforcement  Bars  and  judge  he  fears  that  the  state- 
ment made  by  E.  L.  Lasier  in  a  paper  before  the  American 
Society  of  Testing  Materials  that  "clamped  lap  splices  em- 
bedded in  large  masses  of  concrete  undoubtedly  can  safely 
withstand  a  unit  load  equal  to  the  unit  stresses  in  steel 
reinforcement"  is  going  to  lead  to  a  great  number  of  dis- 
asters if  contractors  should  continue  to  use  this  method  of 
splicing  reinforcement  bars. 

Mr.  McCuUough  speaks  so  positively  of  the  inefficiency 
of  the  clips  for  splicing  reinforcement  bars,  that  the 
writer  is  curious  to  know  the  method  used  in  the  experi- 
ments on  which  he  bases  his  sweeping  condemnation.  It 
is  just  as  unfair  to  condemn  all  clips  because  one  or  two 
kinds  failed  as  it  would  be  to  discourage  the  use  of  con- 
crete for  building  purposes  because  now  and  then  a  build- 
ing fails  in  course  of  construction.  Mr.  McCullough's  ex- 
perience has  been  so  different  from  the  writer's  in  recent 
experiments  with  Crosby  Clips  that  he  believes  that  Mr. 
McCullough  and  all  engineers  and  contractors  will  be  in- 
terested in  hearing  about  them.  These  tests  conclusively 
show  that  results  have  been  obtained  from  clamped  splices 
showing  a  greater  factor  of  safety  at  the  point  of  slip  than 
advocated  by  him  as  good  engineering  practice. 

Fifteen  tests  were  made,  using  three  sizes  of  cold 
twisted  square  bars,  \2  in.,  %  in.  and  1  in.  Two  clips 
suitable  for  the  size  of  bar  were  used  in  each  test  placed 
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on  the  bars  as  shown   in  the  accompanying  sketch   and 
Table  I: 

TABLE  I. 

Lenirth 

Sii^e  b;ir.                                            •  of  wrench 

2D.  X.  L.  used. 

•«-in 1-in.  3%  13?i  12 

%-in H4-in.  5H  16  IS 

1     -in 2-ln.  6  17  21 

All  clips  were  tightened  with  wrenches  having  handle 
length  recommended  by  the  manufacturer  of  the  clip. 

The  concrete  was  a  mixture  of  1-2-1  made  under  rather 
unfavorable  conditions  during  the  months  of  January 
and  February.  It  was  cast  into  blocks  18  in.  long  and  10 
in.  square. 

The  tests  were  made  on  an  Olsen  Testing  Machine  of 
100,000  lb.  capacity.  Two  men  conducted  the  tests,  one 
operating  the  beam  and  the  other  observing  the  point  of 
slipping. 

The  limit  of  travel  of  the  machine  due  to  the  size  of  the 
blocks  prevented  as  high  a  final  load  reading,  in  some 
cases,  as  might  have  been  obtained  with  a  longer  travel 
as  the  beam  was  still  rising  when  the  limit  of  travel  was 
reached. 

Before  placing  the  block  in  the  testing  machine  a  cast 
iron  jacket  was  bolted  around  the  four  sides  of  the  block 
to  prevent  as  far  as  possible  pieces  of  concrete  which 
might  be  broken  from  the  block  from  falling  on  the  op- 
erator or  the  machine. 

Prick  punch  marks  were  placed  on  the  rods  at  each  end 
of  the  block  and  around  the  punch  mark;  at  the  upper  end 
the  rod  was  file  finished  and  coppered  with  a  copperas 
solution. 

After  placing  the  block  in  the  machine  dividers  were 
set  to  the  punch  marks  and  a  scratch  made  on  the  cop- 
pered surface.  Any  elongation  of  the  distance  between 
the  two  punch  marks  was  plainly  noticed  as  soon  as  it  oc- 
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curred.  Due  to  the  eccentricity  of  the  pull  on  the  two 
bars  a  slight  movement  from  this  line  was  noted  on  some 
of  the  tests  until  the  pull  came  into  line  when  a  new 
scratch  mark  was  made.  The  straightening  action  was 
very  apparent  by  the  tilting  of  the  block. 

In  many  cases  no  apparent  dropping  of  the  load  was 
noted  at  the  point  of  slip,  but  the  beam  continued  to  climb 
until  the  final  load  was  reached. 


ENGINEERING 
AND      CONTRACTING 

The  builders  have  declared  that  they  will  re-erect  the 
suspended  span  in  exactly  the  same  manner  as  before. 
The  prediction  is  here  recorded  that  they  will  not.  I 
predicted  that  in  the  second  erection  the  erection  gantry 
would  be  braced.  It  was  well  braced  in  every  direction, 
and  not  at  all  like  the  first  one.  After  reading  the  fol- 
lowing explanation  of  the  failure,  here  or  elsewhere,  they 
will  revise  their  determination. 


The  results  obtained  are  given  in  Table  II. 


TABLE    II. 


Kind  of  rod. 

%  in.  sq.,  twisted. 

%   in.  sq..  twisted. 
1    in.    sq..    twisted. 


No.  of 
tests. 


Point  of  slip 
or   stretch. 
Lbs.  per  sq 


in. 


Final    load. 
Lbs.  per  gq.  in. 


t 


r  JIax. 
i  Min. 
[  Aver, 
f  Max. 
\  Min. 
[  Aver. 
fMax. 
■  Min. 
Aver. 


72,000 
4S,000 
65,580 
60,100 
52,400 
57,330 
53,000 
2S.000 
■18,400 


Max. 
Min. 
Aver. 

Max. 

Min. 

Aver. 

Max. 

Min. 

Aver. 


76.000 
69,500 
74.080 
74,300 
65,700 
69,520 
66,000 
57,900 
63,440 


Factor  of 

safety    at 

point    of   slip. 

At    1,600 

Lbs.    per  sq, 

4.5 

3 

4.1 

3.76 
3.28 
3.58 
3.3 

2.44 

3.1 


in. 


Remarks. 

Yield   point,    65,000   lbs. 

4  rods  broke,  aver.  74,100  lbs. 


per  sq.  m. 


Yield  point,  58,000  lbs.  per  sq.  in. 
1  rod  broke,  aver.  74,300  lbs.  per  sq. 


Yield  point,   57,000  lbs.  per  sq.   in. 


From  the  above  results  I  cannot  see  why  any  engineer 
should  not  feel  safe  in  using  clamps  of  a  design  which  will 
show  in  a  series  of  tests  a  minimum  point  of  slip  not  less 
than  2.44  times  an  allowable  fibre  stress  in  reinforcement 
of  16,000  lb.  per  square  inch. 

Very  truly  yours, 

3816  Thomas  Ave.,  3.  Carl  A.  Herrick. 

Minneapolis,  Minn. 


THE    QUEBEC    BRIDGE    DISASTER. 

To  the  Editor:  When  the  Quebec  Bridge  fell  in  1907,  the 
plain  truth  that  it  was  pulled  over  by  the  great  erection 
gantry  was  so  exasperating  that  in  8  lb.  of  printed  matter, 
which  constituted  the  Royal  Commission's  Report,  there  is 
not  the  flicker  of  a  hint  in  any  question  that  was  asked  or 
any  statement  that  was  made  that  bore  on  the  possibil- 
ity of  this  unbraced  gantry  having  been  the  cause  of  the 
collapse  This  in  spite  of  the  fact  that  in  a  letter  pub- 
lished a  few  weeks  after  the  collapse  I  pointed  out  that 
it  was  the  neglect  of  one  of  the  simplest  principles  of 
equilibrium  that  brought  down  the  great  structure. 

The  lack  of  bracing  in  the  great  traveler  or  gantry  by 
which  the  first  structure  was  being  erected  was  responsi- 
ble for  its  fall.  I  attempted,  14  months  before  the  col- 
lapse to  warn  the  builders,  by  sending  a  letter  to  an  en- 
gineering  paper,   but  the  paper   refused   to   publish   my 
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letter.  If  the  reader  will  just  imagine  a  structure  as  large 
as  a  good-sized  16-story  office  building,  with  1,000,000  lb. 
of  steel  on  top  of  it,  and  this  structure  totally  lacking 
in  bracing  between  two  high  bents  at  the  sides,  he  will 
have  a  good  idea  as  to  what  destroyed  the  first  Quebec 
Bridge. 

If  he  will  imagine  himself  sitting  on  the  seat  of  a  swing 
and  trying  to  balance  without  holding  on  to  the  ropes, 
he  will  have  an  idea  as  to  what  it  was  that  dropped  the 
second  Quebec  Bridge.  Or,  if  he  will  take  a  paint  can  and 
swing  the  bale  just  half  way  down  the  side  of  the  can 
instead  of  near  the  top,  and  balance  something  across 
the  top  of  the  can,  and  then  attempt  to  carry  it  by  the 
bale,  he  will  have  a  still  more  accurate  idea  of  the  cause 
of  this  failure. 

Neglect  of  one  of  the  simplest  principles  of  equilibrium 
is  the  sum  and  substance  of  the  thing,  and  it  can  all  be 
demonstrated  in  three  minutes. 


The  above  figure  shows  one  of  the  girders  upon  which 
the  four  shoes  of  the  suspended  span  were  raised.  These 
short  girders  were  hung  on  chains  of  bars.  The  last  pin 
in  the  chain  was  just  above  the  top  of  the  girder.  The 
girder  could  therefore  rock  or  swing  around  this  pin. 
The  astounding  thing  about  the  design  is  that  the  pin  of 
the  shoe  supporting  the  big  span  was  almost  in  line  with 
these  suspending  pins.  It  was  a  trifle  lower,  but  the  pub- 
lished details  do  not  show  just  how  much. 

Suppose  the  shoe  pin  had  been  on  the  same  level  as 
the  last  pin  of  the  suspending  chain.  It  would  have  been 
impossible  to  raise  the  span  a  foot.  The  girder  would 
simply  have  flopped  over  and  dropped  the  shoe  and  its 
load. 

Suppose  the  shoe  pin  had  been  3  in.  lower  than  the 
pins  of  the  suspending  chain  and  suppose  the  shoe  were 
one-twentieth  of  this  or  0.15  in.  off  the  center  of  the 
girder.  This  would  tilt  the  girder  enough  to  give  it  a  slope 
of  1  in  20.  If  the  coefficient  of  friction  were  one- 
twentieth  between  the  greased  surface  of  the  longitudinal 
pin  and  the  casting  above  it,  this  would  give  just  the 
force  to  slide  the  shoe  off  the  girder  and  into  the  river. 
If  the  coefficient  of  friction  is  more  than  that  assumed,  or 
if  the  vertical  distance  were  more,  it  just  means  that 
the  shoe  would  have  to  be  somewhat  more  than  ^s  in. 
out  of  place,  which  it  could  very  readily  have  been. 

The  thing  was  in  unstable  equilibrium  any  way  you 
look  at  it,  and  the  only  marvel  is  that  it  did  not  drop  be- 
fore it  was  raised  even  15  ft. 

The  idea  that  the  breaking  of  a  steel  casting  caused 
the  failure  is   untenable.     The   casting  no   doubt   broke. 
Something  had  to  break,  but  the  failure  was  due  to  the 
overlooking  of  a  very  simple  principle  of  equilibrium. 
Yours  truly, 

Edward  Godfrey. 
Monongahela  Bank  Bldg.,  Pittsburgh,  Pa. 

Sept.  30,  1916. 
Since  writing  the  above  more  details  have  been  pub- 
lished, also  some  arguments  aiming  to  show  that  it  was 
not  the  instability  of  the  supports  that  caused  the  fail- 
ure but  the  breaking  of  shoe  castings. 

It  has  been  brought  out  that  the  vertical  distance  be- 
tween the  last  pin  of  the  supporting  chain  and  the  shoe 
pin  was  only  2^4  in.  It  is  astounding  that  this  should 
be  the  case,  that  even  a  condition  of  unstable  equilibrium 
should  depend  upon  these  shoes  being  placed  and  main- 
tained within  less  than  ^s  in.  of  the  exact  center  of  these 
large  supporting  girders.  It  is  taking  unheard-of  chances 
with  fate  to  create  a  condition  demanding  such  accuracy, 
especially  when  there  exists  no  reason  whatever  for  so 
doing. 

Another  published  fact  is  that  the  longitudinal  pin  on 
which  the  middle  shoes  slid  was  not  only  well  greased 
but  was  polished.  Here  is  another  ideal  condition  for 
just  such  occurrence  as  that  which  took  place.  A  very 
small  slant  to  the  girder  was  enough  to  cause  the  shoe 
on  this  greased  and  polished  pin  to  slip  off  in  toboggan    i 
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style  and  drop  its  load  into  the  river.     The  coefficient  of 
friction  on  such  surfaces  is  very  small. 

The  statement  has  been  published  that  the  girder 
would  have  to  rock  nearly  90°  for  the  shoe  to  slip  off  and 
evidence  shows  that  no  such  rocking  took  place.  It  is 
far  from  true  that  the  shoe  would  have  to  rock  through 
any  greater  angle  than  that  whose  tangent  is  1/20,  or 
whatever  is  the  coefficient  of  friction  of  polished  and 
greased  surfaces  on  each  other.  The  girder  would  be 
shot  out  in  a  horizontal  direction  and  made  to  swing  away 
while  the  span  dropped.  That  it  did  this  is  shown  clearly 
by  the  photograph  taken  while  the  span  is  dropping,  for 
the  girder  is  swung  out  in  exactly  this  manner. 

It  is  also  publicly  stated  that  there  were  centering 
plates  that  would  hold  the  middle  shoe  from  sliding  on 
the  lower  pin.  These  plates,  against  the  tremendous 
force  of  2,600,000  lb.  sliding  down  an  incline,  would  have 
exactly  the  chance  of  the  proverbial  wax  rabbit  in  hades. 
They  were  wide  thin  plates  bearing  on  the  thin  edge  at 
the  corner  on  a  chipped  surface.  No  structural  engineer 
will  claim  that  they  are  in  any  sense  an  adequate  detail 
where  forces  of  this  magnitude  are  concerned. 

It  is  hardly  to  be  expected  that  a  shoe  of  this  size  could 
be  located  on  a  large  built  girder  with  such  extreme  ac- 
curacy. Another  phase  of  this  required  precision  would 
develop  when  the  span  was  near  the  top.  The  distance 
center  to  center  of  supports  at  the  cantilever  arms  could 
not  be  within  an  eighth  of  an  inch  in  accuracy.  The 
swinging  arm  should  have  been  several  feet  instead  of 
2^4  in. 

The  breaking  of  one  or  more  of  the  middle  shoes  is 
readily  explained.  After  the  girder  had  rocked  through  a 
very  small  angle  the  shoulders  of  the  upper  and  middle 
shoe  would  come  together.  Instead  of  stopping  the  rota- 
tion the  pressure  would  be  so  enormous  that  one  or  the 
other  of  the  shoes  would  simply  be  crushed.  Imagine  a 
pressure  of  2,600,000  lb.  on  a  line  a  little  over  2  ft.  long. 
The  shoulders  were  ^4  jn.  wide  but  would  not  meet 
squarely.  Even  assuming  a  surface  24x^4  subject  to  this 
pressure  of  144,000  lb.  per  sq.  in.,  crushing  and  facture 
would  be  the  necessary  accompaniment.  The  middle  shoe 
doubtless  broke  with  the  loud  report  heard,  after  the 
rotation  had  crushed  it.  This  was  a  mere  incident  in  the 
failure  and  in  no  sense  a  cause.  It  is  not  the  fault  of 
the  material.  No  material  ever  made  could  stand  such 
forces. 

Every  great  structural  failure  that  ever  took  place  was 
the  fault  either  of  the  design  of  the  structure  or  the 
plan  of  its  method  of  erection. 

Yours  truly, 

Edward   Godfrey. 

Oct.  18,  1916. 


COST  OF  FORM  WORK  FOR  VARIOUS  TYPES 
OF  FLOORS. 

The  following  costs  on  form  work  are  given  by  H. 
Whittemore  Brown,  assistant,  Testing  Material  Labora- 
tory, Massachusetts  Institute  of  Technology,  in  a  paper 
presented  on  Oct.  12  before  the  Boston  Society  of  Civil 
Engineers:  In  a  recent  example  of  groined  arch  con- 
struction in  reservoir  roofs  wooden  forms  were  used, 
being  made  up  in  convenient  sections  at  a  woodworking 
mill  and  transported  to  the  job  at  an  initial  cost  of  about 
20  ct.  per  square  foot.  Having  them  carefully  built  en- 
abled them  to  be  used  7  or  8  times  with  a  minimum 
amount  of  work  in  removing  and  resetting,  the  total  aver- 
age cost  per  square  foot  of  the  entire  roof  being  given  by 
the  contractors  at  4^^  ct.  This  work  was  in  connection 
with  the  Springfield,  Mass.,  water  supply,  the  Charles  R. 
Gow  Co.,  Boston,  Mass.,  being  the  contractors.  The  cost 
of  form  work  for  floors  in  the  Carter's  Ink  Co.  factory, 
a  good  example  of  beam  and  slab  construction,  was  11  ct. 
per  square  foot.  The  Aberthaw  Construction  Co.  was 
the  contractor.  The  cost  in  the  Winchester  Repeating 
Arms  Co.  factory,  a  typical  mushroom  or  flat  slab  con- 
struction, was  reported  at  12^2  ct.  per  square  foot. 
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ERECTION  METHODS  FOR  BOONE  COUNTY, 
lA.,  COURTHOUSE. 

The  use  of  a  52-ft.  tower  and  stiff  leg  derricks  is  en- 
abling the  conti:actor  for  the  $200,000  court  house  at 
Boone,  la.,  to  make  rapid  progress  in  the  erection  of  the 
structure. 

The  building  will  be  81  ft.  by  146  ft.  10  in.,  four  stories 
and  basement.  The  walls  will  be  faced  with  granite  for 
the  two  base  courses  and  with  Bedford  limestone  above, 
all  backed  with  hard  burned  shale  brick.  All  floors  and 
roof  will  be  of  reinforced  concrete  and  hollow  tile.  The 
derricks  used  on  the  job  consist  of  two  5-ton  stiff  leg, 
placed  on  a  tower  38  ft.  by  38  ft.  by  52  ft.  high.  This 
tower  is  made  up, with  10  in.  by  10  in.  posts,  3  in.  by  10  in. 
braces  and  10  in.  by  10  in.  sills  and  plates.  The  following 
information  applies  to  each  derrick: 

Mast    12  in.  by  12   in.— 36  ft.  long 

Boom     10  in.  by  12  in. — 70  ft.  long 

Stiff  legs   10  in.  by  10  in. 

Bull  wheel   12  ft.  diameter 

The  derricks  were  constructed  of  fir  timbers  with  struc- 
tural steel  fittings  which  were  furnished  by  the  Minne- 


Tower   and    Derricks   Used    in    Erecting    Court    House    at    Boone,    Iowa. 

apolis  Steel  Machinery  Co.  of  Minneapolis,  Minn.  The 
framing  was  all  done  by  union  carpenters  at  the  building 
site. 

The  derricks  are  operated  by  an  American  hoisting  en- 
gine 5'j-in.  by  8-in.  double  cylinders,  double  drum  with 
boom  swinging  attachment. 

The  tower  is  placed  approximately  in  the  center  of  the 
building  with  derricks  placed  on  opposite  corners  the  long 
way  of  the  building,  so  that  each  derrick  covers  one-half 
of  the  building.  The  braces  are  so  placed  as  to  clear  the 
floors. 

This  design  enables  the  outside  wall  to  be  carried 
story  high  on  one  end  of  the  building  at  a  time,  thus  per- 
mitting the  concrete  floor  on  that  half  to  be  poured  while 
the  walls  on  the  other  end  are  being  carried  up.  By  this 
method  the  stone  masons,  brick  masons  and  carpenters 
can  be  kept  busy  practically  all  of  the  time  and  the  con- 
crete floors  are  given  sufficient  time  to  set  before  resum- 
ing the  construction  of  the  outside  walls. 

Norman  T.  Vorse,  911  S.  &  L.  Bldg.,  Des  Moines,  la.,  is 
the  architect.  The  Boyd  Construction  Co..  312  Germania 
Life  Bldg.,  St.  Paul,  Minn.,  is  the  general  contractor. 
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DESIGN    AND    CONSTRUCTION    OF    THE    UNIT- 
BUILT    REINFORCED    CONCRETE    TRAIN 
SHEDS  OF  THE  DENVER  UNION 
STATION. 

Contributed  by  Albert  M.  Wolf,  Chicago,  111. 

The  Denver  Union  Terminal  Railway  Co.  has,  since 
September,  1914,  been  making  extensive  improvements  to 
the  old  Union  Station  at  Denver,  built  in  1880.  The  re- 
construction is  being  carried  out  by  the  company — the 
equal  owners  of  which  are  the  Union  Pacific,  Colorado 
&  Southern,  Denver  &  Rio  Grande,  Santa  Fe,  Burlington, 


Fig.    1 — Arrangement    of    Pissenger    Platform    and    Umbrella    Shed. 

and  Rock  Island  railroads — to  provide  facilities  commen- 
surate with  the  volume  of  traffic  handled.  The  Terminal 
Company  controls  the  station  only,  owning  no  equipment 
of  any  kind,  each  road  providing  its  own  service  other 
than  that  performed  by  the  passenger  station.  The  im- 
provements, which  were  completed  in  July,  1916,  rep- 
resent an  expenditure  of  about  $3,800,000,  and  they  include 
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arranged  as  to  have  each  passenger  platform  and  its 
umbrella  shed  serve  two  tracks,  with  an  uncovered  truck- 
ing platform  between  each  two  alternate  tracks,  as  shown 
in  Fig.  1.  The  passenger  platforms  are  17  ft.  6  in.  wide, 
while  the  trucking  platforms  are  14  ft.  wide,  all  of  con- 
crete construction,  with  lengths  varying  from  1,200  to 
2,050  ft.  Entrance  to,  and  exit  from,  trains  are  made 
through  6-ft.  stairways  from  the  platforms  to  a  passen- 
ger subway  25  ft.  wide  and  8  ft.  high  lined  with  white 
enameled  brick,  leading  to  the  station  concourse  and  exit. 
Baggage  and  express  subways,  one  on  each  side  of  the  pas- 
senger subway,  near  the  ends  of  the  platforms,  are  served 
by  electric  elevators  at  the  platforms  and  also  at  the  bag- 
gage and  express  rooms  in  the  station  building. 

The  umbrella  sheds  which  cover  the  passenger  plat- 
forms are  of  special  interest.  These  sheds,  five  in  num- 
ber, cover  platforms  which  serve  ten  tracks.  They  have 
a  spread  of  19  ft.  6  in.  and  a  height  above  the  top  of  rail 
at  the  outer  end  of  the  cantilever  wing  of  16  ft.  4  in. 
They  consist  of  roof  slab  units  20  ft.  long  and  9  ft.  9  in. 
wide  (two  for  each  bay),  carried  on  reinforced  concrete 
beams  cantilevered  from  reinforced  concrete  columns 
see  Figs.  1  and  2).  The  footings  for  the  columns  were 
poured  in  place;  while  the  column  and  roof  slab  units 
were  cast  in  a  central  yard  nearby,  and  after  curing  were 
erected  by  means  of  a  locomotive  crane.  No  roofing  ma- 
terial was  placed  on  the  roof  slabs,  some  hydrate  of  lime 
having  been  added  to  the  concrete  when  mixing  and  the 
top  surfaces  troweled  to  a  smooth,  impervious  finish. 
After  completion,  the  roof  surface  was  given  a  coat  of 
waterproofing  compound  to  prevent  leakage  at  the  joints 
and  to  insure  the  waterproofness  of  other  parts. 

The  merits  of  unit-construction  methods  for  reinforced 
concrete,  as  applied  to  certain  types  of  structures  involv- 
ing considerable  duplication  of  a  few  simple  parts,  has 
been  recognized  by  engineers  for  some  time,  and  in  the 
umbrella  shed  for  passenger  station  platforms  there  is 
found  one  of  the  most  notable  examples  of  the  adaptability 
of  unit  methods.  This  type  of  shed  is  permanent  and  fire- 
proof; it  therefore  requires  no  outlay  for  maintenance, 
and  the  cost,   about  $12  per  linear  foot,  compares  very 


Figs.   2-6 — Details   of   Unit    Reinforced    Concrete   Train    Shed   for    Denver  Union   Station. 


the  complete  reconstruction  and  enlargement  of  the  track 
layout,  the  rebuilding  of  the  main  portion  of  the  station, 
and  the  erection  of  about  6,700  lin.  ft.  of  cantilever  but- 
terfly-type shed  of  pre-cast  concrete  units  of  unique  de- 
sign.   This  article  will  treat  only  of  these  sheds. 

General  Features. — Due  to  the  fact  that  trains  enter 
from  both  the  east  and  the  west,  the  station — although 
a  terminal — has  a  track  layout  of  the  through  type,  with 
the  central  portion  of  the  yard  approximately  opposite 
the  main  portion  of  the  station.  To  avoid  interference 
of  trucking  with  passenger  traffic,  the  platforms  are  so 


favorably  with  similar  sheds  of  steel  frame  construction 
with  wood  roofs. 

Details  and  Methods  of  Design. — From  an  inspection  of 
Figs.  2  and  3  it  will  be  seen  that  the  roof  slab  units  con- 
sist of  a  3-in.  slab,  the  inner  portion  of  which,  5  ft.  9 
in.  wide,  is  reinforced  transversely  between  two  longi- 
tudinal beams  and  an  outstanding  or  cantilever  wing  por- 
tion having  a  4-ft.  projection  beyond  the  outer  longitudi- 
nal beam,  which  is  reinforced  longitudinally  between  can- 
tilever rib  beams  spaced  5  ft.  on  centers.  These  centi- 
lever  beams  are  4  in.  deep  at  the  ends  and  18  in.  deep  at 
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the  connection,  with  the  longitudinal  beam;  this  section  The  design  features  of  typical  column  units  are  sown  in 

is    carried     over    to     the    inside    longitudinal    beam    to  Fig.  4.     These  units  consist  of  a  12xl6-in.  column  with  a 

give  added  stiffness  to  the   unit  and  anchorage   for  the  cross  beam  to  support  the  slab  units,  which  are  cast  in- 

reinforcement  of  the  cantilever  (see  Fig.  3).     To  facili-  tegral  with  the  column.     They  have  an  overall  length  of 


Fig.    7 — General    View    of    Casting    Yard. 


tate  the  removal  of  units  from  the  forfns  all  beams  are 
given  a  bevel  of  3  in.  on  both  sides. 

The   roof  slabs   and  beams  were  designed  for  a  total 
load  of  70  lb.  per  square  foot,  of  which  82  lb.  per  square 


L7  ft.  8  in.  and  weigh  about  7,000  lb.  each.  The  columns 
are  reinforced  with  four  1-in.  square  bars  tied  together 
with  ^,4-in.  diameter  hoops  spaced  about  10  in.  on  centers. 
To  protect  the  edges  of  column,  a  steel  guard  angle  about 


Fig.    8 — Roof    Slab    Units    in    Various    Stages    cf    Construction. 

foot  is  live  load.  These  numbers  were  considered  as 
simply  supported  in  designing.  The  allowable  stresses 
were  650  lb.  compression  in  the  concrete  and  16,000  lb. 
tension  in  the  reinforcing  steel. 


Fig.    9 — Handling    Roof    Units. 

3  ft.  6  in.  high  is  embedded  in  each  corner.  The  cross 
beams  are  bracketed  to  the  column  with  curved  fillets, 
and  are  built  in  the  shape  of  an  inverted  T-beam.  They 
are  19  in.  wide  at  the  bottom  and  12  in.  wide  at  the  top. 
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the  support  for  roof  units  being  formed  by  3'/2-in.  shelves 
8-in.  deep.  The  reinforcement  of  the  beam  consists  of 
stirrups  and  straight  bars,  as  is  shown  in  Fig.  4.  Over 
the  stairways  leading  from  passenger  subway  to  the  plat- 
form level  the  roof  slabs  are  carried  on  bents  consisting 
of  two  columns  seated  in  side  walls  of  the  stairway  and 
supporting  a  cross  girder  at  the  top,  the  inner  fillets  of 
the  column  forming  an  arch. 

An  interesting  feature  of  the  design  is  the  manner  of 
forming  the  expansion  joints  in  the  several  sheds.  These 
joints  are  spaced  about  360  ft.  apart,  and  are  designed 
to  relieve  the  structure  of  the  accumulative  effect  of  ex- 
pansion and  contraction.  They  are  formed,  as  shown  in 
Fig.  5,  by  placing  two  columns  in  one  footing,  with  a  1- 
in.  space  between  them.  After  placing  the  slab  units  on 
the  column  beams  a  concrete  coping  about  1  ft.  high  was 
added  to  each  beam,  and  over  the  opening  between  them 
a  piece  of  galvanized  iron  was  placed,  so  bent  as  to  al- 
low movement  of  the  parts  connected. 

The  typical  column  footings  are  built  in  two  courses, 
the  lower  course  being  6x4x1  ft.  deep  and  the  top  one  3 
ft.  5  in.  X  3  ft.  1  in.  X  2  ft.  deep  (see  Fig.  6).  Consider- 
ing the  direct  and  wind  loads  the  pressure  on  the  soil 
under  the  footings  is  about  2,600  lb.  per  square  foot. 
The  footings  were  made  oblong,  instead  of  square,  with 
the  long  dimension  transverse.  The  top  course  of  the 
footing  is  anchored  to  the  lower  course  by  Vo-in.  square 
loops  in  each  corner. 

A  1:2:4  concrete  was  used  throughout  and  all  steel 
was  protected  by  the  following  minimum  thickness  of 
concrete:  Columns,  IV2  in.;  beams,  2  in.;  and  slabs,  1  in. 
The  unit  stresses  allowed  were :  Compression  in  concrete 
in  cross  bending,  600  lb.;  tension  in  deformed  bars  hav- 
ing a  minimum  yieldpoint  of  33,000  lb.  per  square  inch, 
16,000  lb. 

Construction  Methods. — As  previously  stated,  the  col- 
umn and  roof  slab  units  were  pre-molded.  This  work  was 
done  in  a  yard  arranged  especially  for  the  purpose  near 
the  station.  The  forms  for  all  units  were  erected  on  old 
rails  set  with  an  instrument  to  a  uniform  level.  The  accom- 
panying view  of  the  yard  (Fig.  7)  shows  very  clearly 
the  different  stages  of  the  work,  namely,  the  fabrication 
of  the  reinforcing,  the  column  units  in  various  stages  of 
construction,  the  roof  slab  forms  with  reinforcement  in 
place,  the  completed  slabs,  and  also  some  slabs  stacked 
in  piles  for  curing.  The  mixer  and  locomotive  crane 
used  for  distributing  concrete  and  handling  units  are 
also  shown  in  this  view. 

The  beam  boxes  of  the  roof  unit  forms  were  lined  with 
jheet  metal.  To  prevent  the  sticking  of  forms  to  the  con- 
crete they  were  coated  with  paraffin  oil  before  placing 
the  reinforcement.  In  the  foreground  of  Fig.  8  there 
can  be  seen  a  number  of  roof  slab  unit  forms  with  the 
reinforcement  in  place  ready  to  receive  concrete  and 
some  recently  cast  units  receiving  their  daily  sprinkling 
before  being  removed  from  the  form  beds,  while  in  the 
background  there  are  stacks  of  completed  units,  piled  up 
for  seasoning. 

To  reduce  the  cost  of  framework  to  a  minimum,  the 
forms  for  all  units  were  so  designed  that  the  side  forms 
were  entirely  independent  of  the  bottom  forms  and  were 
capable  of  being  removed  as  soon  as  practicable  after 
pouring.  By  this  method  it  was  possible  to  get  along 
with  only  about  one-third  the  number  of  side  forms  as 
bottom  forms,  and  in  addition  the  finishing  of  the  ex- 
posed surfaces  was  facilitated.  After  curing  for  at  least 
one  week  the  units  were  picked  up  by  the  locomotive 
crane  and  placed  in  stacks.  Handling  hooks,  embedded  in 
the  cross  beams  near  their  ends,  permitted  the  ready  at- 
tachment of  lifting  cables.  The  electric  conduits  were 
placed  in  a  space  formed  by  longitudinal  grooves  in  the 
inside  longitudinal  beams  of  each  section,  lights  at  the 
center  of  each  bay  being  supplied  from  this  conduit. 

After  a  thorough  seasoning  in  the  casting  yard  the 
roof  and  column  units  were  loaded  on  flat  cars  by  the 
crane  and  hauled  to  the  site.  The  columns  for  several 
bays  were  then  placed,  with  the  locomotive  crane,  their 
ends  being  set  into  the  footing  slot  and  grout  poured  in 
to  anchor  them.     Until  this  grout  had  hardened  the  col- 


umns were  braced  together  longitudinally,  and  were  held 
plumb  by  means  of  a  series  of  horizontal  board  struts. 
The  roof  units  were  hoisted  as  shown  in  Fig.  9  and  set 
in  a  bed  of  grout  on  the  supporting  column  cantilevers. 
To  anchor  these  units  to  each  other  the  rods  projecting 
from  the  ends  of  units  lap  each  other  over  the  column 
beams,  and  the  rods  are  covered  with  grout  brought  up 
level  with  the  remainder  of  slab.  The  longitudinal  joints 
between  sections  were  carefully  grouted  to  prevent  leak- 
age. 

Personnel. — The  sheds  were  designed  and  constructed 
under  the  supervision  of  the  late  H.  W.  Cowan,  chief  en- 
gineer of  the  Colorado  &  Southern,  and  his  successor  J. 
G.  Gwyn,  chief  engineer  of  the  Denver  &  Rio  Grande,  act- 
ing as  chairman  of  the  engineers'  committee.  This  com- 
mittee was  composed  of  the  chief  engineers  of  the  six 
companies  owing  the  station  property.  The  designs  were 
made  and  the  work  carried  out  by  the  Van  Sant-Hough- 
ton  Co.  of  San  Francisco  and  Denver,  western  repre- 
sentatives of  the  Unit  Construction  Co.  of  St.  Louis,  Mo., 
who  control  the  use  of  unit  construction  under  several 
patents.  The  writer  is  indebted  to  Shirley  Houghton  for 
plans,  photographs  and  data  used  in  this  article. 


STRUCTURAL  ENGINEERS'  LICENSE  LAW  OF 
THE  STATE  OF  ILLINOIS. 

On  July  5,  1915,  the  Governor  of  Illifiois  approved  the 
bill  providing  for  the  licensing  of  structural  engineers  in 
that  state.  Under  the  provisions  of  this  law  licensed 
structural  engineers  are  exempt  from  the  provisions  of 
the  1897  act  licensing  architects  and  regulating  the  prac- 
tice of  architecture  as  a  profession.  The  Illinois  law  con- 
tains so  many  excellent  points  that  it  is  reprinted  below 
in  full,  as  a  model  that  might  well  be  followed  by  en- 
gineers in  other  states  seeking  relief  from  unjust  restric- 
tions imposed  upon  them  by  license  laws  drawn  solely  in 
the  interest  of  the  architect. 

AN    ACT    TO    PROVIDE    FOR    THE    LICENSING    OF    STRUCTURAL 
ENGINEERS. 

Section  1.  Be  it  enacted  by  the  People  of  the  State  of  Illinois, 
represented  in  the  General  Assembly:  That  within  30  days  after  the 
taking  effect  of  this  Act  the  Governor  of  the  State  shall  appoint  a 
State  Board  of  Examiners  of  Structural  Engineers,  to  be  composed  of 
five  members,  one  of  whom  shall  be  a  professor  in  the  Civil  Engi- 
neering Department^of  the  University  of  Illinois,  and  the  others  shall 
be  structural  engineers  of  recognized  standing,  who  have  had  not 
less  than  10  years  practical  experience,  then  practicing  as  structural 
engineers  in  the  State  of  Illinois,  to  hold,  regulate,  supervise  and 
control  examinations  of  applicants  for  license  to  practice  structural 
engineering  in  this  State.  Two  of  the  members  shall  be  designated 
to  hold  office  until  Jan.  31,  1917,  and  the  other  three  shall  hold  ofBce 
until  Jan.  31,  1919:  and  thereafter  upon  the  expiration  of  the  term  of 
oflice  of  the  persons  so  appointed,  the  Governor  of  the  State  shall 
appoint  a  successor  to  each  person  whose  term  of  office  shall  expire 
to  hold  office  for  four  years,  and  said  person  so  appointed  shall  have 
the  above  specified  qualifications.  In  case  appointment  of  a  suc- 
cessor is  not  made  before  the  expiration  of  the  term  of  any  member, 
such  member  shall  hold  office  until  his  successor  is  appointed  and 
duly  qualified.  Any  vacancy  occurring  in  the  membership  of  the 
Board  shall  be  filled  by  the  Governor  of  the  State  for  the  unexpired 
term   of  such   membership. 

Sec.  2.  The  members  of  the  State  Board  of  Examiners  of  Structural 
Engineers  shall,  before  entering  upon  the  discharge  of  their  duties, 
make  and  file  with  the  Secretary  of  State  the  constitutional  oath  of 
office.  They  shall,  as  soon  as  organized,  and  biennially  thereafter  in 
the  month  of  February  elect  from  their  number  a  President  and  a 
Secretary  who  shall  also  be  the  Treasurer.  The  Treasurer,  before 
f'ntering  upon  his  duties,  shall  file  a  bond  with  the  Secretary  of  State, 
for  such  a  sum  as  shall  be  required  of  him  by  the  Secretary  of  State, 
and  in  such  form  and  with  such  sureties  as  may  be  approved  by  the 
Governor  of  the  State.  The  Board  shall  adopt  rules  and  regulations 
not  inconsistent  with  this  Act  to  govern  its  proceedings;  shall  adopt 
a  seal:  and  shall  cause  the  prosecution  of  all  persons  violating  any 
of  the  provisions  of  this  Act.  and  may  incur  necessary  expense  in  that 
behalf.  The  Secretary  shall  have  the  care  and  custody  of  the  seal:  . 
and  shall  keep  a  record  of  all  the  proceedings  of  the  Board  which 
shall  be  open  at  all  times  to  the  public. 

The  Secretary  of  the  Board  shall  receive  a  salary  to  be  fixed  by  the 
Board,  and  which  shall  not  exceed  the  sum  of  $1,500  per  annum:  he 
shall  also  receive  his  traveling  and  other  expenses  incurred  in  the 
performance  of  his  official  duties,  and  each  of  the  other  members  of 
the  Board  shall  receive  the  sum  of  $10  for  each  day  actually  engaged 
in  the  performance  of  his  duties,  and  all  legitimate  and  necessary 
exjjenses  incurred  in  attending  the  meetings  of  the  Board  and  in  con- 
ducting examinations,  which  together  with  alt  other  lawful  expenses 
shall  be  paid  from  funds  appropriated  therefor,  as  pro\'ided  by  law. 

Sec.  3.  Three  members  of  the  Board  shall  constitute  a  quorum. 
Meetings  of  the  Board  shall  be  called  by  the  Secretary  upon  the  writ- 
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ten  request  of  the  President  or  any  two  members,  by  giving  at  least 
seven  days'  written  notice  of  such  meetings  to  each  member,  count- 
ing from  the  day  on  which  the  notices  are  post-marl<cd,  telegraphed 
or  personally  delivered. 

The  Board  shall  adopt  rules  and  regulations  for  the  examination  of 
applicants  for  license  to  practice  structural  engineering.  In  accord- 
ance with  the  provisions  of  this  Act,  and  may  amend,  modify,  and 
repeal  such  rules  and  regulations  from  time  to  time.  The  Board  shall 
immediately  upon  the  election  of  each  ofliccr  thereof,  and  upon  the 
adoption,  repeal  or  modification  of  its  rules  of  government  or  its  rules 
and  regulations  of  examinations  of  applicants  for  licenses,  file  with 
the  Secretary  of  State  and  publish  at  least  twice  in  at  least  one  en- 
gineering journal  of  general  circulation  in  the  State  of  Illinois  and  In 
one  daily  newspaper  published  in  the  State  of  Illinois,  the  name  and 
address  of  each  officer,  and  a  copy  of  such  rules  and  regulations,  or 
the  amendments,  repeal  or  moditication  thereof. 

Sec.  1.  Provisions  shall  be  made  by  the  Board  hereby  constituted 
for  holding  examinations  at  such  place  or  places  as  shall  be  appointed 
by  the  Board,  and  at  least  two  in  each  year,  of  applicants  for  license 
to  practice  structural  engineering.  Notice  of  the  time  and  place  of 
the  holding  of  such  examinations  shall  be  published  in  the  same 
manner  as  is  hereinbefore  provided  for  the  publication  of  the  rules 
and  regulations  pertaining  to  such  examinations  adopted  by  the  Board, 
provided  that  the  last  day  of  such  publication  shall  be  at  least  20  days 
prior  to  the  date  of  holding  such  examinations.  Each  applicant  shall 
pay  to  the  Secretary  of  the  Board,  in  advance,  a  fee  of  $20,  and 
shall  present  his  affidavit  that  he  is  of  the  age  of  21  years,  or  above. 
Such  examinations  shall  be  held  by  the  examiners  as  a  body,  a 
majority  of  whom  shall  constitute  a  quorum,  or  by  a  committee  of 
two  or  more  members  selected  and  appointed  by  the  Board.  Exam- 
inations shall  be  conducted  by  written  or  printed  interrogatories,  in 
whole  or   in   part. 

Each  applicant  examined  shall  sustain  a  satisfactory  examination 
in  the  design  and  construction  of  buildings  and  structures  according 
to  scientific  principles  and  with  special  reference  to  strength  and 
safety;  the  strength  and  properties  of  the  various  building  materials; 
the  principles  of  theoretical  and  applied  mechanics;  the  ability  of 
the  applicant  to  applpy  his  knowl'ed^e  to  the  ordinary  requirements  of 
structural  engineering;  and  in  such  other  matters  and  subjects  as  the 
Board  of  Examiners  may  require  as  suitable  to  fairly  and  thoroughly 
test  the  competency  of  the  applicant  to  practice  structural  engineering 
in  this  State. 

Every  applicajit  for  a  license,  except  those  who  apply  by  virtue  of 
the  provisions  of  Sections  5  and  6  of  this  Act,  shall  present  to  the 
Board  of  Examiners  satisfactory  proof,  by  affidavit,  or  otherwise,  as 
the  Board  may  direct: 

(a)  That  at  the  time  of  the  taking  effect  of  this  Act,  he  was  ac- 
tually engaged  in  the  practice  of  structural  engineering  in  this  State, 
and  did  not  apply  for  a  license  under  Section  5  of  this  Act,  and  in 
such  case  the  applicant  shall  be  entitled  to  an  examination  without 
regard  to  the  number  of  years  he  has  practiced.     Or, 

(b)  That  within  10  years  next  prior  to  his  application,  he  has 
practiced  structural  engineering  in  some  state  or  territory  of  the 
United  States,  or  in  some  foreign  country,  for  not  less  than  six  years, 
during  at  least  two  full  years  of  which  period  he  shall  have  been  in 
responsible  charge  of  work,  as  principal  or  assistant.     Or, 

(c)  That  within  10  years  next  prior  to  his  application,  he  has 
pursued  a  course  of  study  and  training  in  the  theory  and  practice  of 
structural  engineering  covering  at  lea.st  the  subjects  above  specifically 
enumerated,  for  the  period  of  not  less  than  six  years,  in  the  employ 
or  under  the  supervision,  direction  and  tuition  of  one  or  more  prac- 
ticing structural  engineers,  during  at  least  two  full  years  of  which 
period,  every  such  applicant  shall  show  that  he  has  been  in  charge 
of  work  in  designing  or  construction  in  the  employ  or  under  the 
direction  of  such  engineer  or  engineers.  Such  applicants  w*ho  have 
graduated  from  a  college  or  school  of  engineering  considered  by  the 
Board  to  be  in  good  standing  and  requiring  a  course  of  study  of  not 
less  than  four  years,  during  at  least  30  weeks  in  each  year,  shall  be 
credited  two  years  upon  the  B-year  period  required  above,  the  re- 
maining four  years  to  be  pursued  as  hereinabove  in  this  paragraph 
provided.  The  Board  in  its  discretion  may  adopt  rules  providing  for 
credit  not  exceeding  two  years  on  said  6-year  period  to  applicants 
who  have  pursued  a  course  of  instruction  in  schools  or  colleges  of 
engineering  approved   by   the   Board,    but   who  have   not   graduated. 

If  the  result  of  the  examination  of  any  applicant  shall  be  satisfac- 
tory to  a  majority  of  the  Board,  under  its  rules,  the  Secretary,  upon 
an  order  of  the  Board,  and  iy)on  payment  by  said  applicant  of  the 
further  sum  of  $30,  shall  issue  to  said  applicant  a  license  to  practice 
structural  engineering  in  this  State,  in  accordance  with  the  provision 
of  this  .\ct.  which  license  shall  contain  th«  full  name,  birthplace,  and 
age  of  the  licensee,  and  s'hall  be  signed  by  the  President  and  Secretary 
and  sealed  with  the  seal  of  the  Board. 

All  papers  received  by  the  Secretary  in  relation  to  applications 
for  license,  shall  be  kept  on  file  in  his  office,  and  proper  index  and 
record  thereof  shall  be  kept  by  him. 

Any  fraudulent  act  or  representation  by  any  applicant  in  con- 
nection with  his  application  for  examination,  or  for  a  license  without 
examination,  under  this  Act,  or  during  the  conduct  of  his  examination, 
shall  be  sufficient  cause  for  the  withholding  of  the  license  by  the 
Board  of  Examiners  or  for  its  revocation  after  it  has  been  issued. 

Sec.  .5.  Any  person  who  shall  by  affidavit  or  other  proof  as  the 
Board  may  direct,  show  to  the  satisfaction  of  the  State  Board  of 
Examiners  of  Structural  Engineers  that  he  was  a  resident  of  and 
engaged  in  the  practice  of  structural  engineering  in  this  State,  on  the 
date  of  the  taking  effect  of  this  Act,  shall  be  entitled  to  a  license 
without  examination,  provided  such  application  shall  be  made  within 
six  months  after  the   taking   effect  of  this  Act.     Such  license,   when 
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granted,  shall  set  forth  the  fact  that  the  person  to  whom  the  same 
was  is.sued  was  practicing  structural  engineering  in  this  State  at  the 
time  of  the  taking  effect  of  this  Act,  and  is  therefore  entitled  to  the 
license  to  practice  the  profession  of  structural  engineering  without 
an  examination  by  the  Board  of  Examiners,  and  the  Secretary  of  the 
Board  shall  upon  the  payment  to  him  by  the  applicant  of  a  fee  of 
$50  issue  to  the  person  named  in  said  affidavit  a  license  to  practice 
structural  engineering  in  this  State  in  accordance  with  the  provisions 
of  this  Act. 

Sec.  6.  The  State  Board  of  Examiners  may  in  its  discretion,  issue 
a  license,  without  examination,  upon  payment  of  a  fee  of  $30,  to  a 
structural  engineer  licensed  under  the  laws  of  any  other  state  or  ter- 
ritory of  the  United  States,  or  any  foreign  country,  provided  it  appear 
to  the  Board  that  in  the  state  or  territory  or  country  in  which  such 
license  was  issued,  the  requirements  for  a  license  to  practice  struc- 
tural engineering  were  equal  to  those  prescribed  in  this  State,  and 
that  such  state,  territory  or  country  accord  a  like  privilege  to  struc- 
tural engineers  who  hold  licenses  issued  under  the  provisions  of  this 
Act. 

Sec.  7.  Every  person  holding  a  license  to  practice  structural  engi- 
neering in  this  State  shall  have  it  recorded  in  the  office  of  the  Secre- 
tary of  State  and  the  date  of  recording  shall  be  endorsed  thereon, 
and  upon  such  recording  said  license  shall  be  of  force  and  effect 
throughout  the  State.  The  Secretary  of  State  shall  be  entitled  to 
receive  a  fee  of  $1  for  the  recording  of  each  license  filed  for  record. 
Until  such  license  is  recorded  as  herein  provided,  the  holder  thereof 
shall  not  exercise  any  of  the  rights  or  privileges  conferred  therein  and' 
thereby. 

Sec.  8.  Every  licensed  structural  engineer  shall  have  a  seal,  the 
impression  of  which  must  contain  the  name  of  the  structural  engineer, 
his  place  of  business,  and  the  words  "Licensed  Structural  Engineer," 
"State  of  Illinois,"  with  which  he  shall  stamp  all  plans,  drawings  and 
specifications  issued  by  him  for  use  in   this  State. 

Sec.  9.  Persons  licensed  to  practice  structural  engineering  in  this 
State  under  this  Act  shall  be  exempt  from  the  provisions  of  "An  Act 
to  provide  for  the  licensing  of  architects  and  regulating  the  practice 
of  architecture  as  a  profession."  approved  June  3,  1897,  and  in  force 
July  1,  1897,  and  all  amendments  thereto. 

Sec.  10.  No  corporation  shall  be  licensed  to  practice  structural  en- 
gineering, but  it  shall  be  lawful  for  it  to  prepare  drawings,  plans  and 
specifications  for  buildings  and  structures  as  defined  in  this  Act, 
which  are  constructed,  erected,  built  or  their  construction  supervised 
by  such  corporation,  provided  that  the  chief  executive  officer  or  man- 
aging agent  of  such  corporation  in  the  State  of  Illinois  shall  be  a 
structural  engineer  licensed  under  this  Act. 

Sec.  11.  It  shall  be  lawful  for  one  or  more  licensed  structural  en- 
gineers to  enter  into  copartnership  with  one  or  more  architects  licensed, 
under  the  laws  of  this  State,  for  the  practice  of  their  profession. 

Sec.  12.  Any  person  who  shall  be  engaged  in  the  designing  or  su- 
pervising of  the  construction,  enlargement  or  alteration  of  any  struc- 
tures, other  than  buildings,  as  hereinafter  defined,  or  any  part  there- 
of, for  others,  and  to  be  constructed  by  persons  other  than  himself 
shall  be  regarded  as  practicing  structural  engineering  within  the 
meaning  of  this  Act,  and  shall  be  held  to  comply  with  the  same. 
Structures  within  the  meaning  of  this  Act  shall  be  construed  to 
mean  all  structures  other  than  buildings,  having  as  essential  fea- 
tures, foundations,  columns,  girders,  trusses,  arches  and  beams,  with 
or  without  other  parts,  and  in  which  safe  design  and  construction  re- 
quires that  loads  and  stresses  must  be  computed  and  the  size  and 
strength  of  parts  must  be  determined  by  mathematical  calculations 
based  upon  scientific  principles  and  engineering  data,  and  any  per- 
son who  shall  be  engaged  as  a  principal,  in  the  designing  and  super- 
vision of  the  construction  of  structures  or  the  structural  parts  of 
structures  designed  solely  for  the  generation  of  electricity,  or  for  the 
hoisting,  cleaning,  sizing  or  storing  of  coal,  cement,  sand,  grain, 
gravel  or  similar  materials,  elevators,  manufacturing  plants,  docks, 
bridges,  blast  furnaces,  rolling  mills,  gas  producers  and  reservoirs, 
smelters,  dams,  reservoirs,  w'aterwork?,  sanitary  works  as  applied  to. 
the  p«rification  of  water  or  plants  for  waste  and  sewage  disposal,  or 
roundhouses  for  locomotives,  railroad  .shops,  pumping  or  power  sta- 
tions for  drainage  districts,  or  power  houses,  shall  be  considered  as 
structural  engineers  within  the  meaning  of  this  Act,  and  shall  be  en- 
titled to  the  benefits  of  these  provisions,  even  though  such  struc- 
tures may  come  under  the  definition  of  "buildings"  as  defined  in  "An. 
Act  to  provide  for  the  licensing  of  architects  and  regulating  the  prac- 
tice of  architecture  as  a  profession,"  approved  June  3,  1S97,  in  force 
July  1,  1897,  and  all  amendments  thereto;  provided,  however,  that 
nothing  contained  in  this  Act  shall  be  construed  to  Hmit  or  abridge 
the  rights,  privileges  and  duties*  of  architects  licensed  to  practice  un- 
der the  provisions  o(  sfid  Act.  nor  to  modify,  limit  or  repeal  any  of 
the  provisions  of  said  Act;  and  provided,  further,  that  nothing  con- 
tained in  this  Act  shall  prevent  draftsmen,  students,  clerks  of  work, 
superintendents  and  other  employees  of  those  legally  practicing  as 
structural  engineers  under  licenses  as  herein  provided  for,  from  act- 
ing under  the  instructions,  control  or  supervision  of  their  employers 
or  shall  prevent  the  employment  of  superintendents  of  construction 
paid  by  the  owner  from  acting  if  under  the  control  and  direction  of  a 
licensed  structural  engineer  who  has  prepared  the  drawings  and 
specifications  for  the  structure;  and  provided,  further,  that  nothing 
contained  in  this  Act  shall  be  construed  to  prevent  any  person,  me- 
chanic or  builder  from  making  plans  or  specifications,  or  supervising 
the  construction,  enlargement  or  alteration  of  any  structure  or  build- 
ing which  is  to  be  constructed  by  himself  or  his  employees,  and  for 
his  own  use. 

Sec.  13.  After  six  months  from  the  taking  effect  of  this  Act,  it 
shall  be  unlawful  for  any  person  to  practice  structural  engineering 
without  a  license  in  this  State,  or  to  advertise,   or  to  display  a  sigrv 
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or  card,  or  other  device  which  indicates  or  represents  that  he  is  en- 
titled to  practice  as  a  structural  engineer  in  this  State,  and  any  per- 
son guilty  of  the  violation  of  any  of  the  provisions  of  this  Act  shall 
be  punished  by  a  fine  of  not  less  than  $10  nor  more  than  $200  for 
each  and  every  offense. 

Sec.  14.  It  shall  be  lawful  and  be  the  duty  of  the  State  Building 
Commissioner  appointed  and  acting  under  any  State  Building  Code 
which  is  now  or  which  may  hereafter  be  in  force  and  effect  in  this 
State,  or  of  any  Building  Commissioner  of  any  city,  town  or  village 
organized  under  any  general  or  special  law  of  this  State,  which  has 
adopted  a  building  code  or  other  ordinance  or  laws  relative  to  the 
construction,  alteration,  repair,  maintenance  and  safety  of  buildings 
and  structures,  and  providing  for  the  issuing  of  building  permits  by 
a  Building  Commissioner  or  other  officer  designated  for  that  purpose, 
to  issue  permits  for  the  construction,  enlargement  or  alteration  of 
such  buildings,  as  defined  in  Section  12  of  this  Act,  or  structures  to 
any  owner,  or  his  agent,  upon  the  filing  with  the  State  Building  Com- 
missioner or  with  the  Building  Commissioner  of  such  city,  town  or 
village,  of  a  true  copy  of  the  plans,  drawings  and  specifications  for  the 
construction,  enlargement  or  alteration  of  such  buildings  or  structures, 
and  a  certificate  signed  by  the  structural  engineer  who  executed  them 
certifying  under  his  seal  that  said  plans,  drawings  and  specifications 
are  in  accordance  with  the  State  Building  Code,  or  the  Building  Code 
of  such  city,  town,  or  village,  as  the  case  may  be,  provided,  such 
structural  engineer  shall  be  licensed  under  this  act,  and  provided, 
such  owner  or  his  agent  has  complied  with  all  other  requirements  of 
law  requisite  to  obtain  such  building  permit,  and  provided,  further. 
that  such  plans,  drawing  and  specifications  are  in  accordance  with  the 
State  Building  Code,  or  the  Building  Code  of  such  city,  town  or  village, 
as  the  case  may  be. 

Sec.  15.  Every  licensed  structural  engineer  in  this  State,  who  de- 
sires to  continue  the  practice  of  his  profession,  shall  annually,  during 
the  time  he  snail  continue  in  such  practice,  pay  to  the  Secretary  of 
the  Board  during  the  month  of  Ju'.y.  a  fee  of  $10.  and  the  Secretary 
shall  thereupon  issue  to  such  licensed  structural  engineer  a  certificate 
of  renewal  of  his  license  for  the  term  of  one  year.  Failure  by  any 
licensed  structural  engineer  in  actual  practice  to  cause  his  license  to 
be  renewed  during  the  month  of  July  in  each  and  every  year,  shall 
constitute  valid  grounds  for  the  revocation  of  his  license.  The  fail- 
ure to  renew  such  license  in  apt  time  shall  not  deprive  such  struc- 
tural engineer  of  the  right  of  renewal  thereafter;  but  the  fee  to  be 
paid  upon  the  renewal  of  a  license  after  the  month  of  July  shall  be  $1."). 
It  shall  be  the  duty  of  the  Secretary  of  the  Board  to  file  with  the 
Secretary  of  State  on  the  loth  days  of  February  and  August  in  each 
year  certified  lists  of  all  licenses  then  in  force,  upon  the  filing  of  each 
of  which  said  lists,  the  Secretary  of  State  shall  be  entitled  to  receive 
a  fee  of  $1. 

Sec.  16.  Licenses  issued  in  accordance  with  the  provisions  of  this 
Act  shall  remain  in  full  force  unless  revoked  for  cause,  as  hereinafter 
provided.  Any  license  so  granted  may  be  revoised  by  a  four-fifths 
vote  of  the  State  Board  of  Examiners  for  gross  incompetency;  or 
recklessness  in  the  construction  of  buildings  or  other  structures;  or 
for  fraudulently  affixing  his  seal  to  plans,  drawings  or  specifications: 
or  for  any  dishonest  practice  or  practices  on  the  part  of  the  holder 
thereof;  or  for  fraud  in  obtaining  his  license;  or  practicing  without 
payment  of  the  annual  license  renewal  fee  provided  in  Section  15  of 
this  Act;  but  before  any  license  shall  be  revoked  such  holder  shall 
be  entitled  to  at  least  tv^'enty  days'  notice  of  the  charge  against  him. 
and  of  the  time  and  place  of  the  meeting  of  the  Board  for  the  hearing 
and  determining  of  such  charge. 

For  the  purpose  of  carrying  out  the  provisions  of  this  Act  relating 
to  the  revocation  of  licenses,  the  Board,  and  each  member  thereof, 
shall  have  the  power  to  administer  oaths,  and  said  Board  shall  have 
the  power  to  secure  by  its  subpoena  both  the  attendance  and  the  testi- 
mony of  witnesses,  and  the  production  of  books  and  papers,  relevant 
to  any  investigation  by  the  Board  for  the  purpose  of  carrying  out  the 
provisions  of  this  Act,  relating  to  the  revocation  of  licenses'.  Wit- 
nesses shall  be  entitled  to  the  same  fees  and  mileage  as  witnesses 
in  a  Court  of  Record,  to  be  paid  in  like  manner.  The  accused  shall 
be  entitled  to  the  subpoena  of  the  Board  for  his  witnesses,  and  to  be 
heard  in  person  or  by  counsel  in  open  public  trial.  Any  Circuit  Court 
of  this  State  or  any  judge  thereof,  either  in  term  time  or  vacation, 
upon  application  of  such  Board,  may  in  its  discretion  by  order  duly 
entered  by  such  court  or  Judge  thereof,  require  the  attendance  of  wit- 
nesses, the  production  of  books  and  papers,  and  giving  of  testimony 
before  such  Board,  and  upon  refusal  or  neglect  to  so  appear  and 
testify  and  produce  such  books  and  papers  as  commanded  by  such 
order  of  the  court  or  judge  thereof,  may  compel,  by  attachment  or 
otherwise,  as  provided  by  law,  the  attendance  of  such  witnesses,  the 
production  of  such  books,  and  papers  and  the  giving  of  testimony 
before  such  Board,  in  the  same  manner  as  production  of  evidence  may 
be  compelled  before  said  court.  Every  person  who,  having  taken  an 
oath  or  made  affirmation  before  said  Board,  shall  willfully  swear  or 
affirm  falsely,  shall  be  guilty  of  perjury  and  upon  conviction  shall  be 
punished  accordingly.  It  shall  be  the  duty  of  the  Secretary  of  the 
Board  to  promptly  give  notice  of  all  revocations  of  licenses  to  the 
Secretarj'  of  State  who  shall  malie  an  entry  thereof  in  his  records. 

Sec.  17.  The  State  Board  of  Examiners  shall  have  power  to  enter- 
tain and  grant  for  good  cause  shown,  petitions  to  vacate  its  orders 
revoking  licenses  and  reinstate  such  petitioner  to  practice  in  this 
State,  and  to  adopt  rules  and  regulations  governing  the  requirements 
and  hearing  of  such  petitions,  provided  that  at  least  one  year  shall 
intervene  between  the  date  of  the  entry  of  the  order  revoking  a 
license  and  the  filing  of  such  petition  in  cases  involving  gross  in- 
competency, recklessness,  dishonest  practices,  or  fraud.  The  Board 
in  its  discretion  may  require  petitioners  whose  licenses  have  been 
revoked  for  gross  incompetency  or  recklessness  to  submit  to  an  ex- 


amination by  the  Board  touching  their  professional  qualifications  and 
competency  to  practice,  which  shall  at  least  cover  the  subjects  re- 
quired of  applicants  for  a  license  by  examination.  Such  petitions 
shall  briefly  state  the  date  and  cause  of  revocation,  the  gi*unds  upon 
which  petitioner  seeks  reinstatement,  and  such  other  facts  as  the 
Board  by  its  rules  may  prescribe,  and  shall  be  verified  by  the  peti- 
tioner. The  Board  In  the  hearing  of  such  petitions  shall,  as  near 
as  may  be,  follow  the  practice  required  by  this  Act  in  relation  to 
citations  to  revoke  licenses.  Any  person  interested  may  appear  and 
contest  such  petitions.  A  majority  vote  of  the  Board  shall  be  suffi- 
cient to  reinstate  such  petitioners  to  practice. 

Every  petitioner  shall  pay  to  the  Secretary  of  the  Board,  in  ad- 
vance, upon  the  filing  of  his  petition,  a  fee  of  $10. 

It  shall  be  the  duty  of  the  Secretary  of  the  Board  to  promptly 
notify  the  Secretary  of  State  of  the  reinstatement  of  any  such  appli- 
cant, and  the  Secretary  of  State  shall  note  the  same  on  his  records 
accordingly. 

Sec.  18.  It  shall  be  the  duty  of  the  Secretary  of  the  Examining 
Board  to  file  at  the  close  of  each  fiscal  year  with  the  Auditor  of 
Public  Accounts  of  the  State  of  Illinois,  a  full  annual  report  of  the 
proceedings  of  the  Board,  including  a  statement  of  all  funds  received 
and  disbursed,  and  he  shall  also  pay  over  to  the  State  Treasurer  of 
the  State  of  Illinois,  quarterly,  all  license  fees  and  renewal  and  other 
fees  collected  by  him  during  the  preceding  quarter  and  take  hie  re- 
ceipt therefor.  Said  report  shall  be  attested  by  the  affidavits  of  the 
President  and  Secretary. 


THINGS  WE  DO  NOT  KNOW    ABOUT    STRUC- 
TURAL ENGINEERING.* 

Omitting  the  assumptions  relative  to  the  loads,  it  is  ap- 
parent that  the  assumptions  which  enter  the  design  of  a 
bridge  which  demand  special  attention  on  the  part  of  the 
designer  refer  to  the  following:  Secondary  stresses;  dis- 
tribution of  stress  in  a  member;  and  distribution  of  stress 
in  a  connection. 

Secondary  Stresses. 

One  of  the  fundamental  assumptions  in  stress  analysis 
is  that  connections  are  frictionless  hinges.  If  a  truss 
having  frictionless  hinges  is  deflected,  the  members  meet- 
ing at  a  joint  are  free  to  rotate  relative  to  each  other  and 
no  bending  stresses  are  produced  in  the  members.  If, 
however,  the  connections  are  rigid,  when  a  truss  is  de- 
flected the  members  are  not  free  to  rotate  relative  to  each 
other  and  bending  stresses,  known  as  secondary  stresses, 
are  produced.  These  secondary  stresses  can  be  deter- 
mined mathematically.  While  all  are  willing  to  admit  that, 
theoretically,  secondary  stresses  exist,  many,  apparently 
because  of  the  elaborateness  of  the  calculations  necessary 
for  their  determination,  look  upon  them  as  something  in- 
vented by  the  mathematician  for  the  further  torture  of 
the  soul  of  the  engineer.  The  strain-gage,  however,  has 
come  to  the  support  of  the  mathematician  and  secondary 
stresses  are  known  to  be  a  reality. 

Secondary  stresses  equal  to  50  per  cent  of  the  primary 
stresses  are  common.  To  just  what  extent  such  secondary 
stresses  increase  the  danger  of  failure,  however,  is  not 
clear.  Upon  first  thought  it  would  seem  that  introducing 
a  secondary  stress  equal  to  50  per  cent  of  the  primarj* 
stress  would  increase  the  danger  of  failure  as  much  as  if 
the  primary  stress  were  increased  50  per  cent.  This, 
however,  is  not  the  case.  A  secondary  stress,  being  a 
bending  stress,  is  not  uniform  over  the  section,  and  if 
the  maximum  values  of  the  combined  primary  and  secon- 
dary unit  stresses  exceeds  the  proportional  limit  of  the 
material  Hooke's  law  no  longer  applies,  and  there  will  be 
but  little  increase  in  the  combined  stress  beyond  the  pro- 
portional limit.  Just  what  value  of  combined  primary  and 
secondarj-  stress  can  be  used  as  a  working  stress  has  not 
been  agreed  upon  by  engineers. 

Although  secondary  stresses  can  be  computed,  the  cal- 
culations are  so  long  that  they  are  not  at  present  made, 
except  in  the  case  of  the  more  important  structures.  For 
ordinary  structures  secondary  stresses  do  not  appear  in 
the  calculations  and  are  not  mentioned  in  the  specifica- 
tions. The  view  is  held  by  many  engineers  that  secondary 
stresses  need  not  be  considered  since  with  an  allowable 
unit  stress  of  16,000  lb.  per  square  inch  a  secondary  stress 
equal  to  50  per  cent  of  the  primaiy  stress  produces  a  total 
stress  considerably  below  the  yield  point  of  the  material. 
If  secondary  stresses  were  equal  in  all  members  of  a  truss 
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and  in  all  types  of  trusses  this  position  could  be  defend- 
ed .since  the  method  would  result  in  a  structure  for  which 
all  members  would  have  the  same  factor  of  safety.  But 
secondary  sti-esses  do  not  bear  the  same  relation  to  the 
primary  stresses  in  all  members  of  a  truss,  and  the  sec- 
ondary stresses  are  not  the  same  in  all  types  of  trusses. 
The  result  is  that  designs  are  not  properly  balanced. 
Furthermore  we  are  unable  to  judge  intelligently  of  the 
relative  merits  of  different  types  of  trusses. 

The  calculation  of  secondary  stresses  is  a  long  and 
tedious  process,  but  like  all  long  processes  it  shortens 
with  repetition.  In  the  early  days  of  bridge  design  mo- 
ment tables  were  unknown.  Moreover  to  the  student  first 
introduced  to  the  problem  of  primary  stresses  due  to  mov- 
ing loads,  the  determination  of  the  stresses  in  a  si.x-panel 
truss  due  to  a  Cooper's  loading  is  almost  an  overwhelming 
job  even  with  a  moment  table,  whereas  to  the  experienced 
designer  equipped  with  modern  tables  it  is  a  small  part  of 
a  forenoon's  work.  If  we  once  recognize  the  necessity  of 
determining  secondary  stresses,  may  we  not  hope  for  a 
similar  development  in  the  methods  by  which  they  are  de- 
termined? The  design  of  short  and  medium  length  spans 
has  been  standardized,  and  if  the  secondary  stresses  are 
computed  in  a  few  of  each  of  the  common  types  of  trusses, 
may  we  not  hope  to  establish  empirical  laws  by  means  of 
which  the  secondary  stresses  in  other  trusses  may  be  de- 
tei mined  in  a  comparatively  short  time?  Thus  it  would 
be  possible  to  design  all  members  with  approximately  the 
same  factor  of  safety  after  secondary  stresses  have  been 
included. 

The  resulting  more  perfectly  balanced  design  would 
be  a  sufficient  reason  for  making  an  extended  systematic 
study  of  secondary  stresses  in  standard  trusses.  There 
are,  however,  other  results  to  be  obtained  from  such  a 
study  which  are  even  more  important.  A  more  intimate 
knowledge  of  secondary  stresses  would  result  in  the 
abandonment  of  types  of  trusses  having  high  secondary 
stresses  and  the  substitution  for  them  of  trusses  having 
low  secondary  stresses.  An  illustration  of  this  is  to  be 
found  in  the  attempts  to  use  the  K-type  of  truss  of  the 
Quebec  bridge  for  shorter  spans.  Moreover,  being  con- 
fronted with  high  secondary  stresses,  the  engineer  would 
exercise  his  ingenuity  to  devise  details  which  would  re- 
duce the  secondary  stresses.  This  is  illustrated  by  the 
recent  use  of  pin  connections  between  the  floor  beams 
and  trusses  to  reduce  the  secondary  stresses  in  the  vertical 
posts  of  trusses. 

Distribution  of  Stresses  in  a  Member. 
The  area  of  the  section  required  for  a  member  subjected 
to  a  known  stress  is  obtained  by  dividing  the  total  stress 
by  the  allowable  unit  stress  for  the  material.  This  is 
virtually  equivalent  to  assuming  that  the  stress  is  uni- 
formly distributed  over  the  area  of  a  section  of  the  mem- 
ber. Tests  show  that  if  an  angle  is  riveted  to  a  gusset 
plate  by  means  of  rivets  in  one  leg  only,  the  full  strength 
of  the  angle  can  not  be  developed.  Members  of  trusses 
are  much  larger  than  the  single  angles  tested,  and  some 
portions  of  the  section  are  a  considerable  distance  from 
the  central  point  in  the  connection.  Engineers  recognize 
the  necessity  of  attaching  the  member  to  the  gusset  plate 
over  as  large  a  portion  of  the  section  as  possible.  In 
considering  the  value  of  the  auxiliary  parts  of  a  connec- 
tion, such  as  lug  angles,  it  is  well  to  bear  in  mind  that 
where  there  are  several  paths  for  a  stress  the  portions 
of  the  total  stress  which  travel  over  the  different  paths 
depend  upon  the  relative  stiffness  of  the  paths.  To  illus- 
trate the  truth  of  this  statement  consider  again  the  case 
of  a  single  angle  riveted  to  a  gusset  plate.  The  connec- 
tion of  one  leg  to  the  gusset  plate  by  means  of  a  rivet 
holding  the  two  pieces  in  immediate  contact  is  very  rigid. 
A  lug  angle  attached  to  the  gusset  plate  and  to  the  out- 
standing leg  of  the  main  angle,  comparatively  speaking, 
is  not  rigid.  The  result  is  that  a  strain  which  ruptures 
the  leg  of  the  angle  riveted  directly  to  the  gusset  plate 
produces  but  little  stress  in  the  lug  angle.  This  state- 
ment is  supported  by  tests.  Reasoning  by  analogy  if  the 
different  parts  of  a  connection  are  not  equally  rigid  the 
stiffer  parts  may  be  overstressed,  if  not  actually  ruptured. 
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before  the  more  flexible  parts  of  the  connection  receive 
an  appreciable  stress.  It  is  true  that  as  the  stress  in  the 
most  rigid  part  passes  its  proportional  limit  a  part  of  its 
load  is  automatically  transferred  to  other  parts  of  the 
connection,  but  in  the  case  of  the  angle  connected  to  the 
gusset  plate  one  part  of  the  connection  is  so  much  more 
rigid  than  the  other  that  the  two  parts  act  in  succession 
instead  of  in  unison.  The  same  action  is  even  more  likely 
to  occur  in  the  connections  for  large  truss  members.  Let 
me  repeat,  the  portion  of  the  stress  which  follows  one 
path  depends  not  at  all  upon  the  strength  of  the  path 
but  depends  entirely  upon  its  rigidity,  and  the  stress  in  a 
member  is  not  uniformly  distributed  over  a  section  at 
the  end  unless  the  different  parts  of  the  connection  are 
properly  proportioned,  one  to  another,  relative  to  their 
rigidity. 

It  is  the  writer's  opinion  that  for  ordinary  working 
loads  the  stress  at  the  end  of  a  member  is  not  uniformly 
distributed  over  the  section,  and  that  the  maximum  unit 
stress  is  materially  greater  than  the  total  stress  divided 
by  the  area  of  the  section.  Furthermore,  it  is  the  opinion 
of  the  writer  that  ultimate  failure  of  many  members  con- 
nected as  they  are  in  bridges,  will  occur  at  a  stress  ma- 
terially below  the  ultimate  unit  strength  of  the  material 
multiplied  by  the  area  of  the  section  of  the  member.  Since 
the  advent  of  the  strain  gage  the  first  statement  can  be 
either  verified  or  disproved  by  means  of  field  tests  of 
bridges  under  normal  working  conditions  without  a  pro- 
hibitive expense.  The  second  statement  can  be  checked 
by  tests  to  destruction. 

The  important  thing  to  be  revealed  by  such  tests  is  the 
efficiency  of  the  different  types  of  sections.  If  a  member 
having  one  section  can  develop  a  stress  of  only  80  per 
cent  of  the  product,  area  times  unit  strength  of  material, 
whereas  if  the  member  had  a  different  type  of  section  it 
could,  because  of  the  better  type  of  connection  possible, 
develop  90  per  cent  of  the  product,  area  times  unit 
strength  of  material,  then  other  things  being  equal  the 
latter  type  of  member  should  be  used.  At  present  we  have 
but  little,  if  any,  reliable  data  relative  to  the  efficiency  of 
connections  for  different  types  of  members.  We  have 
many  opinions,  but  few  facts. 

Distribution  of  Stresses  in  Connections. 

The  discussion  cf  the  distribution  of  stresses  in  a  mem- 
ber is  equally  pertinent  to  the  distribution  of  stresses  in  a 
connection.  If  the  connection  is  made  up  of  a  number  of 
parts  each  of  which  is  to  take  a  certain  prescribed  portion 
of  the  total  stress,  each  part  must  have  just  sufficient 
rigidity  to  enable  it  to  take  its  portion  of  the  total  stress. 
This  condition  it  is  practically  impossible  to  obtain. 

In  a  riveted  connection  the  stress  is  not  uniformly  dis- 
tributed among  the  rivets.  The  rivets  are  distributed 
over  a  considerable  distance,  and  the  intensity  of  the 
stress  in  the  gusset  plate  at  its  outer  edge  is  zero  whereas 
the  intensity  of  the  stress  in  the  member  at  the  same 
point  is  a  maximum.  The  intensity  of  the  stress  in  the 
main  member  at  its  end  is  zero  whereas  the  intensity  of 
the  stress  in  the  gusset  plate  at  the  same  point  is  a  maxi- 
mum. At  some  intermediate  point  the  intensity  of  the 
stresses  in  the  gusset  plate  and  in  the  main  member  are 
equal.  Designate  this  point  as  the  working  point.  If  the 
main  member  is  in  tension,  the  portion  of  the  member  be- 
tween the  working  point  and  the  edge  of  the  gusset  plate 
will  elongate  more  under  stress  than  the  corresponding 
part  of  the  gusset  plate,  and,  therefore,  the  rivets  at  the 
edge  of  the  gusset  plate  will  be  strained  more  than  the 
rivets  at  the  working  point.  Likewise  the  portion  of  the 
main  member  between  its  end  and  the  working  point  will 
be  stressed  less  than  the  corresponding  portion  of  the 
gusset  plate,  and,  therefore,  the  rivets  at  the  end  of  the 
main  member  will  be  strained  more  than  the  rivets  at  the 
working  point.  That  is,  where  we  have  assumed  the  stress 
to  be  uniformly  distributed  among  the  rivets  we  know  that 
it  is  not  so  distributed.  It  follows,  therefore,  that  the 
maximum  stress  per  rivet  exceeds  the  quotient,  total 
stress  divided  by  the  number  of  rivets.  A  comparison  of 
the  strain  in  a  riveted  joint  for  ordinary  working  stresses 
with  the  difference  in  the  strains  in  the  gusset  plate  and 
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the  main  member,  shows  that  the  maximum  stress  per 
rivet  may  be  very  much  greater  than  the  average  stress 
per  rivet. 

Since  a  riveted  joint,  at  usual  working  loads,  resists  a 
stress  by  virtue  of  the  friction  between  the  pieces  con- 
nected, and  since  a  riveted  joint  takes  a  permanent  set  at 
loads  much  below  the  usual  working  loads,  overload  in  a 
rivet  subjected  to  a  reversal  of  stress  may  cause  the  rivet 
to  work  loose  and  must  be  considered  as  a  serious  matter. 
This  fact  together  with  the  fact  that  stresses  on  rivets 
are  not  uniformly  distributed  as  assumed,  but  that  the 
maximum  may  be  much  greater  than  the  average,  indi- 
cates that  the  number  of  rivets  in  the  connections  should 
be  increased,  especially  for  members  subjected  to  a  re- 
versal of  stress. 

The  uneven  distribution  of  the  stresses  can  only  be  re- 
duced by  reducing  the  lap  of  the  main  member  on  the 
gusset  plate.  This  suggests  the  desirability  of  arranging 
the  plates  so  as  to  put  the  rivets  in  double  shear,  thus 
reducing  the  number  required,  or,  as  has  been  suggested, 
of  using  a  comparatively  small  number  of  large  turned 
bolts  instead  of  a  large  number  of  rivets. 

The  thickness  required  for  gusset  plates  is  another 
question  that  has  no  satisfactory  answer.  Some  designers 
claim  that  a  truss  can  be  assembled  with  only  25  per  cent 
for  details,  other  designers  use  50  per  cent.  The  Ameri- 
can Bridge  Co.  state  that  their  trusses  run  about  33  per 
cejit  details.  As  gusset  plates  comprise  a  large  part  of  the 
details,  the  percentage  of  details  depends  largely  upon 
the  thickness  of  the  plates.  The  thickness  of  the  plates 
can  not  be  computed  except  that  the  strength  of  the  rivets 
in  bearing  should  develop  the  strength  of  the  rivets  in 
shear.  Usually  the  plates  are  thicker  than  is  necessary 
to  meet  this  requirement.  The  outstanding  fact  is  that 
the  weight  of  a  truss  can  be  materially  altered  by  chang- 
ing the  thickness  of  the  gusset  plates,  and  we  have  no 
positive  evidence  determining  the  proper  thickness.  We 
have  opinions  of  course,  but  the  man  who  assembles 
trusses  on  25  per  cent  details  is  positive  that  any  one 
using  more  than  25  per  cent  is  wasting  material,  whereas 
the  man  who  uses  50  per  cent  details  is  positive  that  any 
less  than  that  endangers  the  structure. 

In  general,  in  judging  of  the  merits  of  a  connection,  it 
is  well  to  bear  in  mind  that  the  main  member  is  the  major 
part  and  the  connection  is  the  minor  part,  and  that  it  is 
not  good  logic  to  jeopardize  the  major  part  to  save  a 
little  on  the  minor  part.  Furthermore,  if  the  life  of  a 
bridge  is  determined  by  the  time  it  will  wear  as  a  ma- 
chine, it  will  be  the  connections  that  will  wear  instead  of 
the  main  members.  For  this  reason  also  the  connections 
should  be  stronger  than  the  inembers. 

The  whole  question  of  the  strength  of  connections  is  a 
field  ripe  for  experimental  investigation. 
Advantages  to  Be  Gained  From  a  More  Exact  Knowledge 
of  the  Behavior  of  Structures. 

The  object  in  having  a  more  exact  knowledge  of  ♦^he 
behavior  of  structures  is  not  either  to  use  more  material 
or  to  use  less  material,  but  rather  to  use  the  material  so 
that  it  will  do  the  most  good.  The  structure  must  be 
safe,  but  it  should  also  be  economical.  The  advantages 
to  be  gained  are  economy  and  safety. 

Greater  economy  in  design  can  be  obtained  from  an  in- 
crease in  knowledge  in  two  ways.  If  the  stress  in  a 
member  is  determined  with  a  high  degree  of  accuracy, 
what  is  usually  known  as  a  factor  of  safety  is  in  reality  a 
factor  of  safety,  whereas  if  the  stress  is  not  known,  what 
is  termed  a  factor  of  safety  is  largely  a  factor  of  ignor- 
ance, and  the  member  is  made  unnecessarily  large  be- 
cause of  the  uncertainty  in  regard  to  the  stress.  If  the 
stress  in  a  member  is  determined  with  a  high  degree  of 
accuracy  those  types  of  structures  and  types  of  details 
will  be  selected  for  which  the  secondary  stresses  are  a 
minimum,  and  either  the  safety  of  the  structure  will  be 
increased  or  the  cost  of  the  structure  will  be  decreased. 

The  most  important  advantage  of  an  increased  knowl- 
edge relative  to  the  behavior  of  a  .structure,  is  the  increase 
in  the  safety  of  the  design.     Shakespeare  says  that  fear 


springs  from  ignorance.  To  the  engineer  the  unknown  is 
the  source  of  danger. 

With  very  few  exceptions,  failures  have  been  due,  not 
to  error  in  calculations,  but  to  error  in  the  assumptions 
upon  which  the  calculations  are  based.  It  is  the  failure 
of  the  material  to  have  the  properties  with  which  it  is 
credited,  or  the  failure  of  the  structure  to  resist  a  stress 
in  the  manner  assumed,  that  causes  all  failures.  Design  is 
not  solely  a  mathematical  process.  Every  equation  used 
is  based  upon  assumptions.  These  assumptions,  the  foun- 
dation upon  which  our  structure  of  stress  analysis  is 
built,  need  contant  inspection. 

Structural  engineering  has  made  wonderful  progress 
both  in  design  and  manufacture.  But  it  is  only  by  keep- 
ing before  us  the  importance  of  the  factors  that  are  neg- 
lected that  progress  is  to  continue.  To  the  man  with  an 
inclination  for  research  work,  whether  engaged  in  prac- 
ticing engineering  or  in  university  work,  structural  en- 
gineering is  a  wonderfully  attractive  field. 


SOME  COSTS  ON  EXCAVATION  AND  CONCRETE 

FOR  MAYFAIR  PUMPING  STATION, 

CHICAGO,  ILL. 

The  city  of  Chicago  now  has  construction  under  way  on 
a  large  pumping  station  at  Mayfair  to  supply  water  to  the 
northwest  portion  of  the  city  and  parts  of  the  adjacent 
suburbs.  This  station  is  to  be  equipped  with  seven  verti- 
cal triple  expansion  pumping  engines  of  25,000,000  gal. 
each,  together  with  necessary  boilers  and  accessories. 
The  station  and  excavation  for  the  same  occupies  a  space 
286  ft.  by  164  ft. 

The  excavation  for  the  pumping  station  was  started 
Sept.  16,  1915,  and  has  been  carried  on  by  city  day  labor. 
The  estimated  quantity  of  earth  to  be  removed  was  56,000 
yd.  in  place.  The  excavation  was  handled  by  means  of  a 
steam  shovel  loading  into  wagons  that  are  hauled  by  teams 
belonging  to  a  private  contractor.  The  progress  of  the 
excavation  to  December  31,  1915,  according  to  the  recently 
issued  report  of  the  Department  of  Public  Works,  was  as 
follows: 

Sept.  Oct.  Nov.  Dec.  Total. 

Yards  excavated,  in  place 1.600  S.370  S,900  10.850  29,720 

Yards  excavated,  loose 2,090  13,200  13.710  16,714  45,714 

Number  of  working  days  of  9  hours 

each     7  25  27  38  90 

Yards    per   day 29S  62S  508  555  508 

Cost   of   labor  and   shovel   per   yard 

for  loadins?    36.1  15.2  20.8  30.6  23.8 

Cost  per  yard   for  hauling  (cents)..         .0  38.5  38.5  39.5  36.9 

36.1         53.7         59.3         70.1         60.7 

The  gradual  increase  in  the  unit  cost  is  due  to  the  in- 
crease in  quantity  of  hand  digging  and  bracing  for  the 
wall  trenches. 

The  construction  equipment  consisted  of  one  Marion- 
Osgood  %-yd.  steam  shovel,  one  stiff  leg  steel  derrick,  one 
90  H.P.  electrically  operated  double  drum  hoist,  two  50 
H.P.  electrically  operated  single  drum  hoists,  one  concrete 
mixer  of  28  cu.  ft.  capacity  and  one  locomotive  crane. 

The  placing  of  concrete  for  coal  receiving  room  footings 
was  started  Nov.  18  and  to  Dec.  31,  1915,  945  cu.  yd.  of 
concrete  was  placed. 

The  following  is  an  analysis  of  labor  costs: 
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Coal  room — 

Footings    139  ?0.28 $1.77  $0.63 $2.68 

Walls    282       .84  $0.02  $1.94  $0.05     1.94       .21  $0.58     5.52 

Girders     15S     1.90       .30       .32 2.21       .38 4.81 

Boiler  room — 

Wall-footings     185 1.21       .29 1.50 

Wall    181     4.40     1.41       .52       .02     1.75       .28       .38     7.33 

jVverage  cost  per 
cubic  yard  for  945 
cu.    yd 1.43       .7S       .01       .04     1.72       .33 4.47 

The  construction  work  at  the  Mayfair  Pumping  Station 
was  in  local  charge  of  F.  C.  Martini,  Assistant  Engineer. 


Plans  have  been  submitted  to  officials  of  New  York 
state  for  two  power  developments  in  the  Upper  Hudson 
Valley,  calling  for  expenditure  of  $7,000,000. 
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THE  COST  AND  DETAILS  OF  CONSTRUCTION  OF 
A  STEEL  HIGHWAY  BRIDGE. 

Contributed  by  William  C.  Davidson.  Former  Assistant  County 
Engineer. 

The  structural  steel  highway  bridge  discussed  in  this 
article  was  recently  built  in  McLennan  County,  Texas. 
It  is  one  of  about  500  bridges  and  culverts  covering  a  ter- 
ritory which  has  175  miles  of  improved  highway.  The 
site  of  the  bridge  is  situated  about  10  miles  from  Waco, 
the  central  location  of  the  road  improvement  district.  It 
spans  Aquilla  Creek,  one  of  the  larger  tributary  streams 
of  the  Brazos  River.  The  structure  has  a  total  length  of 
273  ft,  consisting  of  120  ft.  of  main  span  and  153  ft.  of 
timber  trestle  approaches. 

Owing  to  the  fact  that  this  class  of  construction  was 
not  covered  in  the  contractor's  bid,  it  became  necessary 
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for  more  than  an  eight-hour  day.  Laborers  were  paid 
overtime  for  all  work  exceeding  eight  hours  per  day.  It 
was  necessary  to  haul  a  part  of  the  material,  such  as 
form  lumber,  tools,  equipment  for  camp  outfit  and  other 
miscellaneous  supplies,  from  Waco.  This  teaming  was 
done  by  one  of  the  county  maintenance  outfits,  at  a  cost 
of  $3  per  day. 

The  nearest  railroad  spur  was  situated  a  distance  of 
five  miles  from  the  site  of  the  bridge.  Cement,  struc- 
tural steel,  bridge  lumber,  piling  and  wood  preserver  for 
treating  certain  portions  of  the  wood  work,  were  shipped 
to  this  point.  The  hauling  of  this  material  to  the  site  was 
contracted  to  'a  local  teamster  at  the  following  prices: 
Cement,  6%  ct.  per  sack;  bridge  lumber,  25  ct.  per  100 
ft.  B.  M.;  structural  steel,  $1  per  ton.  The  piling  and 
wood  preserver  were  hauled  to  the  site  at  a  cost  of  $0.40 
per  hour  for  man  and  team.     Gravel  for  the  pile  footings 


Views  Showing   Completed   Bridge  and    IVIethods  of  Construction. 


to  handle  the  work  under  direct  supervision  of  the  county 
engineer.  An  experienced  steel  bridge  foreman  was  em- 
ployed to  superintend  the  construction  work,  which  was 
in  direct  charge  of  the  writer  as  assistant  engineer. 
Foundation  excavation  was  commenced  about  July  1,  1915, 
and  two  months  later  the  road  and  bridge  were  opened 
to  traffic.  To  obtain  a  more  direct  alignment  the  site 
of  the  new  bridge  was  moved  several  feet  upstream  from 
the  site  of  the  old  structure. 

Labor  for  handling  the  work  was  obtained  locally  with 
the  exception  of  a  form-builder  who  was  obtained  from 
Waco.  Common  labor  cost  at  the  rate  of  $1.50  to  $1.75 
per  day  of  eight  hours  each.  The  form  builder  was  paid 
at  the  rate  of  $3  per  day.  Practically  all  the  hauling  was 
done  under  contract.  Miscellaneous  teaming  was  paid  for 
at  the  rate  of  $0.40  per  hour.  The  foreman  was  employed 
at  $4  per  day  straight  time,  no  overtime  being  allowed 


and  concrete  piers  was  also  hauled  under  contract.  It 
was  obtained  from  local  pits  situated  two  and  five  miles 
from  the  site,  respectively.  From  the  pit,  located  two 
miles  distant,  130  cu.  yd.  were  obtained  at  a  cost  of  $0.50 
per  yard  for  the  hauling  and  $0.10  per  yard  for  the  gravel. 
Added  to  the  above  cost  was  that  of  stripping  the  pit 
which  amounted  to  $0.11  per  yard,  making  a  total  cost  per 
.vard  at  the  site  of  $0.71.  Owing  to  the  fact  that  the 
above  pit  would  not  supply  sufficient  gravel  to  construct 
the  piers  and  footings,  it  became  necessary  to  haul  39% 
cu.  yd.  from  another  local  pit  situated  five  miles  from 
the  site.  This  gravel  was  contracted  at  $1.15  per  cubic 
yard  for  loading  and  hauling  and  $0.10  per  cubic  yard 
for  the  gravel,  making  a  total  cost  at  the  site  of  $1.25 
per  cubic  yard.  No  stripping  was  necessary  at  this  pit. 
Tickets  were  issued  to  the  teamsters  by  the  foreman  for 
each  load  of  gravel  as  it  was  received  at  the  site,  and 
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payment  was  made  upon  the  basis  of  these  tickets.  The 

invoices  of  the  material  companies  were  taken  as  the  basis 
of  payment  for  the  haul  of  cement,  steel  and  lumber. 

The  following  is  an  itemized  statement  of  the  cost  of 
the  bridge,  including  all  material  and  labor: 

Material: 

Slructural   slcel,    r.    o.    b.   cars   at   factory,    42.770   lb.    ®   $3.14 

i>er    lUU    lb $1,325.87 

Freight  on  stoel,  42,770  lb.  @  55c  per  100  lb 235.24 

Bridge    lumber,    25,335    Tt.    B.  M 426.56 

Cinniit,   425   sacks   (a>   32c   per  sack  net 178.50 

lUlnlorcln:,'    steel,    4,455    lb.    @    $2.75   per   100    lb 122.51 

Form   lumber,    3,900   ft.   B.  M 104.39 

PiiinK.    K4   Mil.   ft.    @   ~y>c  per  toot 34.05 

Nails,    2    liegs    60d   and    1    keg   6d 7.85 

2    rolls.    No.    U    wire    for  forms .,. 4.90 

Gravel,    169Vi    cu.   yd.    fa!   10c 16.95 

Paint.    14    gal.    (ff    $1.95 27.30 

Linseed  oil,   4  gal.    iji   85c 3.40 

Machine    bolts    '. 19.64 

Misc.    tools    and    hardware 29  9S 

Paint    brushes    1.15 

Wood     preserver     5.00 

Total     $2,643.29 

Labor: 

Clearing  of   bridge   site $  8.90 

Foundation    excavation    57.35 

^Mixing    and    placing    concrete 78.40 

Building   of    forms    165.05 

Kenioval    of    fornis    16.75 

Hauling  form   lumber    12.00 

Hauling   cement.    425   sacks    @    G%c 28.33 

Hauling  gravel,  169V<-  cu.  yd.   (130  cu.  yd.  @  oOo,  39%  cu.  yd. 

@    $1.15)    110.43 

Hauling    reinforcing    steel    S.OO 

Extra   cutting   of    steel .75 

Hauling    bridge    lumber 65.42 

Krection   of  steel,    including  decking   of   main   span   and   ap- 
proaches       207.20 

Construction  and  removal  of  false  work 51.50 

Building    approaches     (not     decking) 42.55 

Painting    steel    span    (one    coat) 14.90 

Rent    on   storage   house    3.00 

Miscellaneous  hauling:' 

Moving  concrete  mixer  from  R.   R.   to  site 2.00 

■    Stripping  gravel   pits'    14.80 

Hauling  cement  from  storage  house  to  site 3.60 

Hauling    piling   from    R.    R.    to    site •. . . .  .  8.00 

Unloading   piling  at   R.    R 4.S0 

T'nloading  bridge   lumber  at  R^  R 3.75 

Moving   lumber   at   bridge    .40 

Foreman's  time  (60  days  @  $4.00  per  day) 240.00 

Structural    steel   workman    (connecting   span) 25.00 

Total     $1,172.68 

Cost    of    material    2,643.29 

Grand    total    cost,    material    and    labor $3,815.97 

Unit  Costs. — On  the  basis  of  the  foregoing  cost  data, 
unit  costs  on  the  several  items  of  material  have  been  com- 


taken  from  both  piers,  at  a  total  cost  of  $57.35  or  a  unit 
cost  of  $0.67.  Mixing  and  placing  of  concrete  cost  $78.30. 
The  total  cubic  yardage  of  concrete  in  the  piers  and  pile 
footings  amounted  to  125.7,  from  which  is  deduced  a  cost 
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of  $0.62  per  cubic  yard.  Water  used  in  mi.xing  the  con- 
crete was  obtained  from  the  creek  at  the  site  by  means 
of  a  hand  pump.  It  was  pumped  into  barrels  to  an  ele- 
vation of  about  20  ft.  above  the  creek,  from  which  it  was 
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puted.  The  foundation  excavation  was  entirely  pick  and 
shovel  work  and  consisted  of  alluvial  deposits  and  a  firm 
clay.  The  depth  of  the  excavation  was  12  ft.  and  a  double 
handling  of  material  was  required  near  the  bottom  of 
the  piers.     There  was  a  total  of  85.7  cu.  yd.  of  material 


conveyed  by  means  of  buckets  to  the  mixer.  The  piers 
were  poured  to  an  elevation  slightly  above  the  ground, 
then  the  approaches  were  built  and  the  mixer  placed  upon 
them,  from  which  the  remainder  was  poured  without  diffi- 
culty. 
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The  piers  being  of  rather  unusual  design,  involved  ex- 
pensive form  work  from  the  standpoint  of  labor,  the  total 
cost  being  $165.05,  or  a  unit  cost  per  yard  of  concrete,  of 
$1.33.  The  lumber,  wire,  nails,  removal  of  forms  and 
the  hauling  of  form  lumber  amounted  to  $140.79,  with  a 
resultant  unit  cost  for  material  of  $1.12  per  cubic  yard. 
Therefore  the  total  unit  cost  for  forms  was  $2.45  per 
cubic  yard,  which  is  somewhat  higher  than  is  to  be  ex- 
pected for  form  work  on  piers. 

The  total  cost  of  the  cement  at  the  site,  including  first 
cost,  hauling  and  storage,  was  $215.43,  from  which  it  is 
estimated  that  the  cost  for  cement  per  cubic  yard  of  con- 
crete amounts  to  $1.70.  The  concrete  gravel  cost  at  the 
site  $142.18,  including  first  cost,  hauling  and  stripping 
of  pits.  This  results  in  a  unit  cost  of  $1.13  per  cubic 
yard.  The  cost  of  water  for  th-e  concrete  was  included 
in  the  item  "mixing  and  placing"  and  the  cost  of  placing 
reinforcing  steel  was  not  separated  from  that  of  build- 
ing forms.  From  the  foregoing  a  summary  of  cost  per 
cubic  yard  of  concrete  is  as  follows: 

Oement    $1.70 

Gravel    1.13 

Forms 2.45 

Mixing   and   placing    62 

Supplies   for    mixer 02 

Foreman     38 

Total     $6.30 

The  bridge  was  erected  at  a  total  cost  for  labor  on  su- 
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perstructure  and  false  work  of  $258.50,  which  cost  in- 
cluded the  erection  of  steel  and  the  decking  of  main  span 
and  approaches.  A  cost  of  $0.95  per  linear  foot  of  bridge 
is  deduced  from  the  foregoing.  It  required  material 
amounting  to  $31.85  to  paint  the  steel  work,  with  a  cor- 
responding cost  per  ton  of  steel  of  $1.49.  Labor  required 
amounted  to  $14.90  or  a  cost  per  ton  of  steel  of  $0.70. 
The  total  cost,  therefore,  per  ton  of  steel  for  labor  and 
material   was   $2.19. 

Construction  Details. — The  structure  under  discussion 
had  a  total  length  of  273  ft.  of  which  120  ft.  was  main 
span  and  153  ft.  was  timber  trestle  approach,  consisting 
of  three  17-ft.  panels  on  one  end  and  six  17-ft.  panels  on 
the  other  end.  This  bridge  replaced  an  existing  steel 
bridge  having  a  main  span  of  117  ft.  and  about  200  ft.  of 
approach.  "The  location  of  the  old  bridge  was  such  that 
it  made  a  very  undesirable  crossing,  owing  to  its  general 
alignment  and  also  an  abrupt  curve  in  one  of  the  ap- 
proaches. By  shifting  the  center  line  of  the  new  bridge 
about  150  ft.  upstream,  not  only  was  an  excellent  align- 
ment obtained,  but  a  better  crossing  was  found  with  re- 
spect to  the  channel  itself.  The  old  bridge  had  a  width 
or  roadway  of  12  ft.,  which  was  entirely  inadequate  ow- 
ing to  the  amount  of  traffic  over  the  road  and  the  length 
of  the  bridge.  Teams  starting  upon  the  bridge  at  one 
end  could  scarcely  see  teams  entering  from  the  other  end. 
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The  new  structure  had  a  width  of  roadway  of  16  ft.,  which 
was  sufficient  width  to  accommodate  two  teams  passing 
upon  the  bridge  at  the  same  time. 

The  concrete  u.sed  in  the  construction  of  the  piers  was 
mixed  in  the  proportion  of  one  part  of  cement  to  six  parts 
of  pit  run  gravel.  A  form  finish  was  given  the  outer 
surface  of  the  piers.  Vertical  and  horizontal  reinforcing 
rods  were  used  as  shown  on  the  pier  detail.  The  steel 
was  designed  for  what  was  designated  in  the  standard 
specifications  as  a  "Class  B  Loading."  This  consisted 
of  a  load  of  80  lb.  per  square  foot  of  total  floor  surface, 
being  the  equivalent  of  a  10-ton  traction  engine  having 
axles  8  ft.  on  centers  and  a  6-ft.  gage,  two-thirds  of  the 
load  to  be  carried  on  the  rear  axles  and  distributed  over 
12  ft.  in  width. 

All  panels  of  the  bridge  approaches  were  17  ft.  long, 
according  to  the  general  standard  adopted  for  all  trestle 
work  throughout  the  county.  The  hand-railing  for  the 
approaches  was  also  standardized.  It  consisted  of  steel 
channels  for  the  railing  and  steel  angles  for  the  posts. 
The  spacing  of  the  posts  as  noted  on  the  detail  was  uni- 
form for  all  bridges  of  this  type. 

Wood  preserver  was  used  on  the  bottoms  of  caps  where 
they  rested  on  the  piling  and  also  on  the  tops  where 
they  came  in  contact  with  the  floor  joist.  It  was  also 
put  on  top  of  all  floor  joists  to  prevent  the  rotting  of 
same  due  to  contact  with  the  floor.  The  guard  rails  were 
treated  with  the  preserver,  where  they  came  in  contact 
with  the  wooden  shims.  The  entire  steel  work  was  given 
one  coat  of  black  graphite  paint  after  the  bridge  had 
been  erected.  This  was  in  addition  to  the  shop  coat  which 
was  specified  in  the  general  specifications. 

There  were  no  unusual  details  involved  in  the  design 
of  the  steel  portion  of  the  bridge  nor  the  approaches, 
except  the  later  represented  a  standard  employed 
throughout  the  entire  county.  So  far  as  the  writer  has 
been  able  to  ascertain  the  pier  design  is  unique  and 
original.  The  idea  belongs  to  Rollen  J.  Windrow,  pres- 
ent" countv  engineer  and  road  superintendent  of  McLen- 
nan County,  Texas.  Details  of  the  design  of  these  piers 
were  worked  out  under  the  direction  of  Mr.  Windrow, 
and  this  is  the  design  used  for  all  piers  for  steel  bridges 
throughout  the  county.  Already  several  bridges  have 
been  built  according  to  this  design.  They  are  pleasing 
in  appearance  and  economical  in  material. 

Force  Reports. — In  order  to  obtain  accurate  cost  data 
of  the  work  daily  reports  were  kept  by  the  foreman.  The 
form  of  report  used  was  standard  for  bridge  and  culvert 
work.  It  shows  the  distribution  of  labor  throughout  the 
day;  the  number  of  men  employed;  the  number  of  hours 
each  have  worked;  the  total  number  of  hours;  and  the 
rate  per  hour.  The  foreman  was  required  to  note  on 
the  report  the  approximate  quantities  of  material  han- 
dled during  the  day,  such  as  concrete,  excavation,  piling, 
reinforcing,  etc.  He  was  also  required  to  show  the  ma- 
terial delivered  on  the  job  during  the  day;  the  place  from 
which  it  was  hauled;  the  number  of  teams  hauling;  the 
total  number  of  hours  worked;  and  the  rate  per  hour. 
There  was  provided  on  the  report  a  space  for  a  sum- 
mary of  the  labor  cost  for  the  day.  The  foreman  was 
required  to  make  this  summary,  which  was  checked  in 
the  office  when  the  cost  was  being  compiled. 

These  reports  were  sent  to  the  county  engineer's  office 
at  the  end  of  every  two  weeks,  at  which  time  the  pay  roll 
of  the  laborers  was  also  sent  to  the  office.  The  cost  data 
was  compiled  as  the  work  progressed,  and  hence  a  close 
check  was  kept  on  all  items  during  the  construction  of 
the  bridge. 
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AN  ADJUSTABLE  SHORE  FOR  CONCRETE  FORM- 
WORK. 

An  adjustable  .shore  developed  recently  by  Mr.  Hodges, 
one  of  the  superintendents  of  the  Ferro  Concrete  Con- 
struction Co,  of  Cincinnati,  0.,  has  enabled  the  company 
to  make  very  material  decreases  in  its  concrete  form  costs. 
These  shores  are  used  to  hold  up  beam  forms  and  floor 
forms,  or  in  any  other  way  that  shores  are  ordinarily 
used  on  a  concrete  building  job. 

The  construction  of  this  new  adjustable  shore  is  simple. 
Three  pieces  of  lumber  are  required.  Experience  and 
tests  have  proven  that  the  following  dimensions  are  the 
most  satisfactory  and  if  the  shore  is  made  from  these 
dimensions  it  is  even  stronger  than  a  rough  4  by  4  in. 
shore  of  the  same  length.  The  lumber  should  preferably 
be  No.  1  common  long  leaf  yellow  pine,  two  2  by  4s  planed 
to  1%-in.  and  one  4  by  4  in.  planed  to  S-'^i-in.  by  3^4-in. 
All  three  should  be  about  8  ft.  long.  In  addition  to  this 
lumber,  which  is  assembled  in  accordance  with  the  illus- 
tration shown,  two  special  clamps  are  necessary.  These 
operate  by  a  small  blow  of  the  hammer,  and  fasten  the 
three  timbers  into  a  rigid  non-collapsible  member  which 
can  be  nailed  to  or  braced  at  any  point  desired.  The  shore 
is  instantly  adjustable  from  8  to  14^  2  ft. 

The  shore  is  sometimes  made  with  a  slotted  head,  and 


To  Assist  Concrete  Construction. — The  Extension  Di- 
vision of  the  Portland  Cement  Association,  111  W.  Wash- 
ington St.,  Chicago,  111.,  is  planning  a  nation-wide  cam- 
paign for  the  purpose  of  assisting  rural  contractors 
specializing  in  concrete  work  or  others  desiring  to  under- 
take such  work.  Further  particulars  of  this  co-operative 
plan  can  be  obtained  by  addressing  the  Director  of  the 
Extension  Division. 
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Adjustable  Shore   for  Concrete   Form   V\/ork. 

this  type  has  certain  advantages  over  the  one  shown  in 
that  it  can  be  set  up  without  any  nailing  or  cleating  what- 
ever, and  cannot  fall  down  when  struck  or  jarred.  Neither 
type  will  collapse  under  load  as  can  be  readily  seen  by 
studying  the  action  of  the  cams. 

In  operation  the  shores  are  brought  from  the  storage 
pile  and  deposited  wherever  needed  on  the  job.  The 
clamps  are  loosened  and  the  4  by  4-in.  timbers  drawn  out 
to  the  desired  length,  this  being  determined  by  a  meas- 
uring nole  in  the  usual  manner.  The  clamps  are  then 
tightened,  the  shores  are  raised  and  the  stringers  placed 
in  position.  Intermediate  shores  can  be  put  into  place 
without  careful  measuring  and  after  the  decking  is  on, 
can  be  leveled  up  by  means  of  an  engineer's  level  and 
shore  jack  in  a  fraction  of  the  time  which  is  usually  re- 
quired with  wedges.  With  the  Hodges  shore  wedges  are 
unnecessary. 

According  to  the  experience  of  The  Ferro  Concrete 
Construction  Co.  in  using  these  new  shores,  it  seems  that 
from  10  to  12  ct.  can  be  saved  on  each  shore  every  time 
it  is  used.  Not  only  is  there  a  saving  in  waste  lumber  but 
on  account  of  freight  rates,  the  actual  cost  of  the  lumber 
used  in  these  shores  is  less  than  the  cost  of  rough  4  by  4 
stock  for  common  shores. 
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A  TEMPORARY   WOODEN    BASCULE   BRIDGE. 

Contributed  by  AT.  1".  .Schaphorst.  Woolwoi tli  Building,  Xew  VoiU  City. 

In  order  not  to  obstruct  the  channel  of  the  Missouri 
River  during  the  construction  of  the  new  Burlington 
Bridge,  a  light  wooden  bascule  bridge  was  used  to  handle 
material  on.  The  trunnion  for  the  north  half  of  the  span 
was  supported  by  a  double  bent  of  12  cypress  piles,  capped 
and  braced.  The  towers  were  12x12  timbers,  fitted  with 
ordinary  timber  derrick  mast  shoes,  and  were  braced  with 
3xl0s  and  6x8s. 

The  leaves  of  the  bridge  consisted  of  47-ft.  timbers, 
carrying  ties  and  rails  for  the  construction  railway,  and 
braced  laterally  with  3xl0s  bolted  to  the  under  side  of  the 
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THE  DESIGN  OF  STEEL  STACKS. 


Stack  design  in  many  cases  has  been  carried  out  by  a 
cut  and  try  method  which  might  or  might  not  involve 
many  trials  before  a  solution  was  reached.  In  the  Journal 
of  Engineering  of  The  University  of  Colorado,  Mr.  W.  A. 
Hitchcock,  Instructor  in  Engineering  Mathematics,  pre- 
sents methods  for  obviating  this  difficulty  and  lead- 
ing to  direct  results.  In  his  article,  which  is  reprinted 
below,  practically  in  full,  Mr.  Hitchcock  gives  some  new 
formulae  and  new  diagrams: 

The  design  of  the  steel  stack  will  be  considered  under 
six  subdivisions,   viz.:    (1)    Working  stresses;    (2)    Mini- 


Temporary    Bascule   Bridge. 

12x128.  The  .supporting  cables  comprised  two  strands  of 
■"'s-in.  steel  wire. 

The  bridge  was  designed  to  carry  a  live  load  of  5,000  lb. 
at  the  center  of  the  span.  This  was  assumed  to  be  the 
weight  of  one  yard  of  concrete,  with  bucket  and  car.  The 
concrete  was  transported  by  two  cars,  running  on  parallel 
tracks,  A  i^-in.  cable  hauled  the  cars  by  means  of  a  two- 
drum  hoisting  engine.  The  haulage  was  from  the  mixing 
plant  to  the  derrick  on  a  pier  of  the  new  bridge. 

When  the  ice  broke  up  in  the  river  the  north  half  of 
the  bascule  bridge  was  swept  away.  The  caisson  for  the 
pier  at  this  location  was  not  damaged,  and  the  remainder 
of  the  concrete  could  be  placed  from  a  mixing  plant  lo- 
cated on  the  south  bank  of  the  river. 


COST  OF  COATING  COAL  BUNKERS  WITH  A 
CEMENT  GUN. 

The  steel  coal  bunkers  in  connection  with  the  boilers 
of  the  Roseland  water  works  pumping  station  of  Chicago, 
111.,  after  about  4  years  became  badly  pitted  on  the  inner 
surface  from  the  effects  of  the  coal.  In  some  places  the 
steel  was  eaten  through  entirely.  The  bunkers  had  been 
painted  every  year,  but  this  did  not  seem  to  furnish  the 
required  protection.  Last  year  to  protect  this  steel  and 
avoid  the  expense  of  painting  the  bunkers  were  given  a 
lining  of  concrete.  The  lining  consists  of  from  21;;  in. 
to  31 2  in.  of  Poi-tland  cement  plaster,  reinforced  with  wire 
mesh.  On  the  vertical  side  the  reinforcing  was  attached 
by  %  in.  rods  run  through  holes  drilled  in  the  stiffener 
angles.  The  mortar  was  applied  with  a  cement  gun.  and 
was  coated  with  an  application  of  a  hardening  paint. 

The  cost  of  covering  the  3,424  sq.  ft.  of  surface  was  as 
follows,  according  to  the  recently  issued  report  of  the 
Department  of  Public  Works  of  Chicago: 

Total.     Per  sq.  yd. 

Scaffolding    «    13S  $0.04 

Reinforcing 210  .06 

Waster   material    2«<  •?§ 

PlacinK     60.S  -IS 

Hardening  paint "■*  -'^ 

Cleaning    and    miscellaneous 68  .0^ 

Enginee.  ing  and  surerintendence »"  X:, 

Cperatifn    203  .0o4 

Totals    Sl.5.57  $0,454 
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Fig.    1. 

mum  thickness  of  plate  in  the  shell;  (3)  Minimum  size  of 
foundation;  (4)  Minimum  size  of  anchor  bolts;  (5)  Rivet- 
ing;  (6)  Base  plate. 

Nomenclature. 

H  =:  heigiit  of  stack  in  feet  above  any  section: 

d  =  iiiitside  diameter  of  the  stack  in  inches; 

d'  =  inside  diameter  of  the  stack  in  inches; 

D  —  iiji.side  diameter  of  the  stack  in  feet; 

s'  —  unit  stress  in  plate  due  to  weight  of  stack  above  section; 

s  ^  .init  stress  in  plate  due  to  wind  I'ressure; 

S  —  total  unit  stress  in  plate; 

E  =  efficiency  of  riveted  joint; 

T  =  thickness  of  plate  in  Inches; 

F  =  pressure  of  wind  on  projected  diameter,  lb.   per  sq.  ft.: 
D'  =  diameter  of  the  foundation   in   feet,   assuming  a  circular 
section; 

h  ^  height   of  foundation   in  feet; 
Wc  :=  weight  of  steel  stack; 
Wl  =:  weight  of  stack  lining; 
AVf  =  weight  if  foundation; 

b  —  diameter  of  eacli  anchor  bolt  in  inches: 

B  =:  diameter  of  the  anchor  bolt  circle  in  feet: 
t  =  allowable  tension  in  a  bolt  at  ur.it  distance  from  the  axis: 

X  =  distance  from  axis  to  any  tiolt  in  feet. 

LOADS   AND   WORKING   STRESSES. 
The  following  working  stresses  are  recommended; 

Plates,   lenarion  and  compression 16,000  lb.  per  sq.  in. 

Shop  Rivets,  shear    12,000  lb.  per  sq.  in. 

bearing    pressure    24.000  lb.  per  sq.  in. 

Field  Rivets,  shear     9.000  lb.  per  sq.  in. 

bearing  pressure    IS.OOO  lb.  per  sq.  in. 

.•\nchor  Bolts,   tension 15,000  lb.  per  sq.  in. 

Wind  Pressure:  The  wind  pressure  is  assumed  to  be  20  lb.  per  sq.  ft. 

on  the  projected  dl.nmeter.   (Prussian  engineers  use  17  lb.) 
Weight  of  Concrete:    The  weight  of  concrete  is  taken  as  150  lb,   per 

cu.    ft. 
Efficiency:    The  average  value  for  efficiency  for  double  riveted  joints 
is  taken  .as  0.70;  the  .average  value  for  single  riveted  joints  as  0.50. 
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Minimum  Thickness  of  Plate  in  the  Shell. 

For  a  stack  as  shown  in  Fig.  1  (a),  the  overturning  mo- 
ment due  to  wind  pressure  is 

M  =  PXDXHX12X  y2H  =  y2l2PDHMn.  lb. 
or,  M=y2PdH=in.  lb.  (1) 

The  resisting  moment  at  any  section  is  given  by 
T(d*— d'<)s 

M  = ;  but  d'=  (d— 2T),  therefore 

32d 
d'*  =  (d — 2T)\  giving,  if  we  neglect  powers  of  T  higher 
than  the  first  which  may  be  done  as  T  is  very  small  as 
compared  with  d,  the  resisting  moment, 
TXaxd^-Ts 

M  = =  0.7854  d=Ts  (2) 

32d 
Solving  Equations   (1)  and  (2), 

FdH-'  0.053  PH= 

s= = (3) 

2X0.7854  d=T  DT 

or  the  stress  per  lineal  inch  along  the  circumference  is 
0.058  PH= 

S'  = (4) 

D 
If  E  be  taken  as  the  efficiency  of  a  riveted  joint,  equa- 
tion (2)  becomes, 

M  =  0.7854  d=TsE  (5) 

Solving  Equations  (1)  and  (5)  for  T,  we  have 
PdH-  0.053  PH- 

T  = = (6; 

2X0.7854  d=sE  DfE 

which  gives  the  thickness  of  plate  necessary  at  any  sec- 
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Fig.    2 — Thickness    of    Plates. 

tion  to  resist  the  moment  due  to  wind  pressure,  for  any 
fiber  stress,  f,  and  any  efliciency. 

The  unit  stress  at  any  section  due  to  the  weight  of  the 
stack  above  the  section  is, 

W  490TDHT 

s'  = = =  3.4H  ("7) 

24tDT       144tDT 
Therefore  the  total  unit  stress  in  the  plate  at  any  sec- 
tion is  given  by 


S  =  3.4H 


0.053  PH- 


DT 


(8) 


It  is  evident  from  Eijuation  (8)  that  the  stress  due  to 
weight  of  stack  above  the  section  may  be  neglected  up  to 
a  height  of  over  400  ft.  with  an  error  of  less  than  1  per 
cent. 

The  weight  of  the  lining  has  been  neglected  as  it  is 
usually  carried  by  the  foundation.  In  special  cases  it 
may  be  carried  on  angles  riveted  to  the  shell.  In  such 
cases  the  weight  should  of  course  of  included. 
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Fig.    3 — Tlnicl<ness   of    Plates. 

Taking  P  as  20  lb.  per  square  foot,  f  as  16,000  lb.  per 
square  inch,  and  E  for  double-riveted  joints  as  0.70,  Equa- 
tion (6)  gives  the  safe  minimum  thickness  of  plate  for 
double-riveted  horizontal  joints  as, 

T  =  0.0000947  H-/D  (9) 

Taking  E  as  0.50,  we  have  for  the  safe  minimum  thick- 
ness of  plate  for  single-riveted  horizontal  joints, 

T  =  0.0001326  H-/D  (10) 

Equations  (9)  and  (10)  have  been  plotted  as  shown  in 
Figs.  2  and  3.  These  diagrams  give  the  safe  minimum 
thickness  of  plate  to  resist  the  moment  due  to  wind 
pressure  for  any  given  height  and  diameter. 

Example:  Determine  the  thickness  of  plate  for  a  stack 
16  ft.  in  diameter  with  double-riveted  horizontal  jointe, 
with  a  height  of  240  ft.  above  the  section. 

Enter  Fig.  2  with  the  diameter  at  the  top,  and  follow 
down  the  vertical  line  through  16  till  the  height,  240  ft.. 
is  reached,  and  read  -^s-in.  plate  as  the  thickness  required. 

For  permanent  structures  Vj-in.  is  recommended  as  the 
minimum  thickness  of  plate  to  be  used  at  any  time,  though 
3/16-in.  plate  has  been  used  for  the  upper  30  ft.  of  some 
comparatively  temporary  stacks. 

Thus  starting  with  Vi-in.  plates  at  the  top,  the  diagram 
gives  the  distance  down  from  the  top  at  which  a  change 
of  thickness  is  required.  The  diagrams  are  arranged  to 
read  from  the  top  downward  to  correspond  with  the  meth- 
od of  designing.  The  design  is  carried  in  this  way  fror« 
the  top  down  to  the  top  of  the  bell  section.  It  is  customary 
to  use  plates  for  the  bell  section  1/16-in.  thicker  than  the 
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plates  immediately  above  the  bell.  These  plates  are 
placed  vertical  with  butt  joints  and  single  outside  straps, 
though  in  small  stacks  the  bell  section  is  often  built  up 
of  circumferential  plates. 

In  stacks  of  large  diameter,  the  thin  plates  of  the  upper 
sections  may  require  stiffening  to  guard  against  lateral 
collapse.  This  is  usually  done  by  riveting  rings  made  up 
of  angles  on  the  inside  of  the  stack. 

It  is  interesting  to  note  that  some  engineers  recommend 
that  the  bell  section  be  made  1  7  the  total  height  above 
the  foundation  and  that  the  diameter  of  the  bell  at  the 
foundation  be  1^2  to  2  times  the  diameter  of  the  stack. 
These  proportions  are  pleasing  to  the  eye.  The  develop- 
ment of  modern  jesthetic  taste  cannot  be  ignored  entirely 
by  the  designer.  His  stack  should  be  structurally  secure 
and  also  well  proportioned.  A  neat  cornice  at  the  top  of 
the  stack  is  also  desirable  because  of  these  considerations. 
Minimum  Size  of  Foundation. 

First  Solution:  As  the  kern  for.  a  circular  section  is 
D'  4,  the  resultant  of  the  weight  of  the  stack,  stack  lining, 
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-Diameter  of  Foundation. 


foundation,  and  wind  pressure  must  cut  the  base  at  a 
point  not  greater  than  D-  8,  as  shown  in  Fig.  1  (a).  There- 
fore equating  the  resisting  and  overturning  moments, 

(W.+W.+WOD'  8  =  '2-20DH(H+h)  (11) 

or 

80DH(H+h) 

D'  = (12) 

W -W.+W' 
which  gives  the  minimum  diameter  of  foundation  that  will 
insure  compression  over  all  portions  of  the  base. 

If  h  be  neglected  as  being  very  small  in  comparison 
with  H,  and  in  like  manner  \V-  and  Wi  be  neglected  as  be- 
ing small  as  compared  with  Wr,  an  approximation  which 
will  evidently  give  values  for  D'  which  are  on  the  safe 
side,  the  expression  for  D'  may  be  simplified  to, 

D'  =  80DH-/Wf  (13) 

But  Wr  =  i4  7rD'=xhxi50  =  117.8hD'=^  (14) 

Setting  this  value  of  W'  in  equation  (13)  and  solving, 

D' =  0.879  (DH-h)^-'  (15) 


If  h  be  taken  as  equal  to  0.4  D',  a  common  proportion, 

D'=1.14  (DH-)"'  (16) 

Equation  (16)  will  usually  give  a  sufficiently  accurate 
value  for  D',  though  in  some  cases  it  may  be  desirable  to 
make  an  exact  solution  by  means  of  Equation  (12)  after 
the  value  from  Equation   (16)  is  obtained. 

Equation  (16)  has  been  plotted  in  Fig.  4  so  that  the 
minimum  diameter  of  foundation  for  any  given  height  and 
diameter  is  easily  obtained. 

Example:  Determine  the  minimum  diameter  of  concrete 
foundation  for  a  stack  1.5  ft.  in  diameter  and  175  ft.  high, 
assuming  that  the  height  of  the  foundation  is  2/5  the  di- 
ameter. Enter  Fig.  4  with  the  diameter,  follow  down  ver- 
tical line  through  15  till  the  height  of  175  ft.  is  reached 
and  read  30  ft.  as  the  required  diameter. 

Second  Solution:  The  over:urnlng  moment  at  the  top 
of  the  foundation  is 

M  =  10  DH=  ft.  lb.  (17) 

The  weight  of  the  foundation,  as  found  before,  is 

Wt  =  117.8  hD'  (18) 

Taking  moments  about  an  axis  tangent  to  the  leeward  side 
of  the  foundation,  and  neglecting  the  resisting  moment 
due  to  \V  and  Wi  as  small  compared  with  Equation  (17), 
the  resisting  moment  is 

M  =  \V'D'/2  =  58.9hD''  (19) 

If  a  safety  factor  of  2  be  taken.  Equation  (19)  becomes 
M=  29.45  hD'=  (20) 

Solving  Equations  (17)  and  (20), 

D  =  0.6976(DHVh)'i  (21) 

If  h  tje  taken  as  0.4  D'  again,  we  have, 

D' =  0.960  (DH-)'"  (22) 

It  is  interesting  to  note  that  for  a  safety  factor  of  ap- 
proximately 1\\,  the  two  solutions  give  identical  results. 

In  both  solutions  the  additional  surface  in  the  bell  has 
been  neglected  because  it  is  not  only  small  and  has  a  short 
arm,  but  also  is  usually  somewhat  protected  so  that  the 
wind  pressure  would  be  less  upon  it  than  upon  the  stack 
above. 

The  friction  of  the  soil  on  the  sides  of  the  foundation. 
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which  would  tend  to  retard  overturning,  has  been  neg- 
lected in  the  above  solutions  as  in  some  cases  the  founda- 
tion may  be  placed  almost  entirely  above  the  surface  of 
the  ground.  Where  the  foundation  is  placed  below  the 
ground  surface,  some  saving  in  volume  may  be  effected 
by  building  the  foundation  as  the  frustum  of  a  cone  with 
the  larger  base  at  the  bottom. 

The  result  obtained  by  the  above  solutions  insures  a  de- 
sign secure  against  overturning,  but  the  design  must  be 
investigated  for  bearing  power  of  the  soil  also.  As  the 
resultant  falls  within  the  kern  of  the  section  of  the  base, 
the  maximum  direct  pressure  on  the  soil  is 
2(Wc-rW.-fW.) 

F  = (23) 

0.7854  D- 
which  must  not  exceed  the  safe  bearing  power  of  the  soil. 
Minimum  Size  of  Anchor  Bolts. 
First  Solution:  If  in  Fig.  1  (b),  A — B,  the  gravity  axis 
of  the  section  of  bolt  circle,  be  assumed  as  the  axis  about 
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which  rotation  occurs  then  the  bolts  on  the  windward  side 
will  be  in  tension  and  the  stress,  in  each  bolt  will  vary  as 
its  distance  from  the  axis,  or  the  resisting  moment  of  each 
bolt  will  vary  as  the  square  of  its  distance  from  the  axis. 
A  stack  base  containing  12  bolts  is  shown  in  Fig.  1  (b). 
Under  these  conditions  bolts  1,  2,  3,  4,  and  5  are  in  tension. 
The  resisting  moment,  then,  of  the  group  of  bolts  is: 
M  =  t2x-  =  t[(i''.Bsin30°)-  X2'+  (i/oB  sin  60°)=  X  2 
+  i/,B)]   =  t  [2(0.25)  +  2(0.75)  +  1]  BV4  = 
0.75  B=t  (24) 

The  moment  due  to  wind  pressure  is 

M=y2PDH2  (25) 

therefore 

t  =  M/5x=  =  PDHVl.5B-'  (26) 

The  stress  in  bolt  3,  which  will  be  the  maximum  stress 
in  the  group  of  bolts,  is 

tB/2  =  PDHV3B  (27) 

If  the  fiber  stress  in  a  bolt  be  taken  as  f,  then  equating 
actual  stress  in  bolt  3  to  the  allowable  stress, 

0.7854  X  f  X  b=  =  PDHV3B  (28) 

Solving  for  b, 

b  =  1.538  H(PD/fB)V.  (29) 

Taking  P  as  20  lb.  per  square  foot  and  f  as  15,000  lb. 
per  square  inch  the  diameter  of  anchor  bolt  for  a  group  of 
12  bolts  is 

b  =  0.0238  H(D/B)%  (30) 

For  the  general  case  of  n  number  of  bolts  it  may  be 
shown  that  2x-  =  nBV16,  then  equating  actual  to  allow- 
able stress  in  outermost  bolt  as  before,  we  have 

b  =  2.26H(PD/nfB)*i  (31) 

which  gives  the  diameter  of  the  anchor  bolt  for  any  wind 
pressure,  any  number  of  bolts,  and  any  fiber  stress. 

Equation  (31),  for  a  wind  pressure  of  20  lb.  per  square 
foot  and  a  fiber  stress  of  15,000  lb.  per  square  inch  be- 
comes, 

b  =  0.0824  H  (D/nB)  v.  (32) 

This  may  be  written  in  the  form, 

b  =  C.H(D/D)y^  (33) 

Values  for  Ci  were  computed  for  number  of  bolts  vary- 
ing from  6  to  36  and  the  values  plotted  in  Fig.  5. 

Example:  What  diameter  of  anchor  bolt  is  required  for 
a  stack  16  ft.  in  diameter  and  175  ft.  high,  if  15  bolts  are 
used  in  a  bolt  circle  25  ft.  in  diameter? 

From  Fig.  5  the  value  of  Ci  for  15  bolts  is  found  to  be 
0.0212.  Substituting  this  value  in  Equation  (33),  it  is 
found  that  a  bolt  2.96  or  say  3  in.  in  diameter  is  required. 
Second  Solution:  If  the  stack  be  assumed  to  rotate 
about  an  axis  tangent  to  the  leeward  side  of  the  bolt  circle, 
as  shown  by  C-D  in  Fig.  1  (c),  all  the  bolts  but  one  will  be 
in  tension.  As  before  the  stress  in  each  bolt  will  vary  as 
its  distance  from  the  axis  and  the  resisting  moment  of 
each  bolt  will  vary  as  the  square  of  its  distance  from  the 
axis. 
2x-'=  [2(0.134)--  +  2(0.5)=  +  2(1.5)=  +  2(1)  + 

2(1.866)=+  (2)=]B=/4  (34) 

or  2x=  =  4.5B= 

For  the  general  case  of  n  bolts  it  mav  be  shown  that 

Sx=  =  3nB-/8         "  (35) 

Therefore,  solving  as  before, 

b  =  1.70H(PD/nfB)'i  (36) 

For  the  same  load  and  fiber  stress  as  before,  for  12 
bolts  we  have, 

b  =  0.0137  H(D/B)y=  (37) 

which  is  only  about  60  per  cent  of  the  value  given  by 
Equation   (30). 

Setting  the  same  load  and  fiber  stress  in  Equation  (36), 
we  have, 

b  =  0.04764  (D/nB) 'i  (38) 

Again  this  may  be  written  in  the  form, 

h  —  C^li(B/B)''i  (39) 

Values  for  C-  have  been  plotted  in  Fig.  5  that  the  re- 
sults given  by  Solutions  1  and  2  might  be  compared. 

Third  Solution :  From  Equation  (4)  the  stress  per  lineal 
inch  along  the  circumference  at  any  section  is 
S'  =  0.053  PH=/D.  Therefore  the  stress  in  each  anchor 
bolt  will  be  S'p,  where  p  is  the  distance  between  the  bolts 
in  inches.  Therefore  equating  actual  and  allowable 
stresses, 


PH=      12tB       D 

0.7854  X  f  X  b=  =  0.053 X X  _ 

D  n  B 

Solving  for  b, 


(40) 


b  =  1.595H(P/nf)'4  (41) 

For  12  bolts  and  with  same  load  and  fiber  stress  as  be- 
fore, 

b  =  0.02377  H  (42) 

For  the  general  expression  for  any  number  of  bolts  and 
the  same  load  and  fiber  stress, 

b  =  0.0823  H(l/n)H'  (43) 

Comparison  of  Solutions:  For  a  comparison  of  the  so- 
lutions, take  the  case  of  12  anchor  bolts  and  assume  B 
equals  3/2D.     Then  the  values  for  b  are: 

.'^olutiol1  1:  b  =  0.0193  H,  from  Equation  (30). 
.Soliition  2;  b  =  0.0112  H,  from  Equation  (37). 
Solution    ?,:    b  =  0.0237    H,    from    Equation    (43). 

It  is  evident  that  the  assumptions  made  in  Solutions  1 
and  3  will  give  stresses  which  will  be  too  high,  while  So- 
lution 2  will  give  stresses  which  will  be  too  low  as  it  neg- 
lects the  stress  in  the  bolts  on  the  windward  side  which 
exists  before  the  neutral  axis  of  bending  becomes  coinci- 
dent with  the  tangent  on  the  leeward  side.  The  probable 
true  stress,  therefore,  would  appear  to  lie  between  the 
extreme  values  given  by  the  above  solutions. 

It  is  interesting  to  note  that  if  B  equals  D,  Solutions  1 
and  3  give  the  same  result. 

Anchor  bolts  should  always  be  upset  at  the  threaded 
end  and  should  e.xtend  nearly  through  the  foundation 
with  a  nut  and  washer  at  the  lower  end. 

Riveting. 

A  small  rivet  spacing  should  be  used  for  all  joints  to  in- 
sure tightness,  being  not  less  than  2.5  times  the  diameter 
of  the  rivet  or  more  than  16  times  the  thickness  of  the 
plate.  A  single-riveted  lap  joint  is  commonly  used  for 
the  vertical  joints,  while  a  double-riveted  lap  joint  is  used 
for  the  horizontal  joints.  It  is  very  desirable  that  the 
horizontal  joints  should  be  water-tight,  that  the  water 
running  down  the  inside  of  the  stack,  which  becomes 
strongly  acid,  may  not  get  into  the  joints  and  cause  cor- 
rosion, and  also  that  the  water  may  not  run  through  the 
joint  and  give  the  outside  of  the  stack  a  very  untidy  ap- 
pearance. 

It  will  be  found  that  the  above  recommended  rivet  spac- 
ings  and  joints  will  give  ample  strength  at  any  section 
for  direct  stress  or  shear. 

The  connection  of  the  shell  to  the  base  plate  must  be 
carefully  investigated  to  insure  a  sufficient  number  of 
rivets  to  transfer  the  stress  from  the  plates  to  the  base 
plate.  Equation  (4)  gives  the  stress  per  lineal  inch  along 
the  circumference  for  a  diameter  D,  therefore  the  stress 
per  lineal  inch  at  the  base  plate  will  be, 

S'  =  0.053  PH=/B  (44) 

From  this  equation  the  necessary  rivet  spacing  is  easily 
obtained. 

Base  Plate. 

The  base  plate  is  commonly  of  cast  iron,  made  up  of 
sections  from  20°  to  180°  of  arc  in  length,  which  are  firm- 
ly bolted  together.  The  shell  is  riveted  to  the  base  plate 
and  the  anchor  bolts  pass  down  through  it.  Another  form 
of  base  plate  consists  of  a  ring  of  angle  iron  around  the 
Inside  of  the  shell,  with  short  pieces  of  angles,  placed 
vertically  and  in  pairs  that  the  anchor  bolt  may  pass  down 
between,  riveted  to  the  outside  of  the  shell. 

Each  section  of  the  cast  base  plate  may  be  designed  as 
a  beam  with  a  uniformly  distributed  load  due  to  the  wind 
pressure  transferred  through  the  plates,  and  two  or  more 
reactions  due  to  the  anctor  bolts.  The  width  of  the  base 
plate  must  be  investigated  also  that  the  allowable  bear- 
ing power  of  the  concrete  foundation  be  not  exceeded. 


An  international  competition  is  to  be  held  to  select  an 
architect  for  the  Federal  Parliament  House  at  the  new 
capital  city  of  Canberra  in  Australia.  The  government 
will  receive  the  designs  in  either  London  or  Melbourne 
until  Jan.  31,  1917.  The  Federal  Capital  Director  of  De- 
sign and  Construction  is  Walter  Burley  Griffin,  whose 
address  is  Department  of  Home  Affairs,  Federal  Capital 
Office,  84  William  St.,  Melbourne,  Victoria. 
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MEASURINCx  CONCRETE  MATERIALS  IN  BOXES 
THAT  DUMP  INTO  WHEELBARROWS. 

Where  accurate  proportioning  of  concrete  ingredients 
is  desired,  many  engineers  object  to  measuring  them  by 
wheelbarrow  loads.  The  accompanying  drawing  shows 
how  the  problem  has  been  satisfactorily  solved. 

Two  measuring  boxes,  each  holding,  say,  l'^  cu.  ft.,  are 
mounted  so  as  to  revolve  on  an  axle  consisting  of  1% 
in.  pipe.  The  pipe  is  supported  by  a  wooden  horse  at 
each  end.  The  pipe  passes  through  the  measuring  box 
above  its  center  of  gravity,  so  that  it  will  not  revolve  and 
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Concrete    Material    Measuring    and    Loading    Device. 

discharge  its  load  unless  it  is  pushed  over  by  the  work- 
man. Then  it  discharges  into  a  wheelbarrow  beneath. 
This  measuring  and  loading  device  can  be  set  up  close  to 
a  stack  pile  of  sand,  and  a  similar  device  can  be  placed 
close  to  a  stack  pile  of  gravel  or  stone.  The  slightly  in- 
cl-eased  lift  involved  in  shoveling  into  the  box  instead  of 
into  the  wheelbarrow  direct  is  offset  by  the  reduction  in 
lost  time  involved  in  waiting  for  barrows  to  arrive. 

This  revolving  box  scheme  might  be  used  on  a  larger 
scale  to  measure  sand  and  stone  drawn  from  bins. 


DEVICE  FOR  RAPID  LOADING  AND  UNLOADING 
OF  LUMBER. 

A  motor  truck  equipped  with  a  special  quick  roll  body 
is  used  by  the  Hawkeye  Lumber  Co.,  Cedar  Rapids,  la., 
for  hauling  lumber.  The  truck  is  a  2-ton  Jeffrey  Quad, 
made  by  the  Nash  Motor  Co.,  Kenosha,  Wis. 

The  body  is  built  to  load  and  unload  any  goods  which 
may  be  put  on  rollers  with  surprising  dispatch.  It  is, 
however,  especially  adapted  to  the  lumber  business.  As 
its  name  implies,  it  is  equipped  with  rollers  which  sup- 
port the  load  on  the  truck  bed. 

The  tail  end  of  the  body  is  equipped  with  a  stout 
roller,  supported  by  two  cast  steel  bearings.     The  roller 


IVIotor  Trucl<  With  Quick   Roil   Body. 

is  operated  by  a  hand  lever  and  a  double  acting  pawl 
working  in  a  ratchet  keyed  to  the  end  of  the  roller.  By 
simply  manipulating  this  handle  one  man  can  unload  sev- 
eral tons  of  lumber  in  as  little  as  50  seconds'  time. 

Loading  lumber  on  to  the  truck  is  equally  as  easy. 
While  the  truck  is  out  with  one  load,  the  men  in  the  yard 
pile  the  next  load  on  a  pair  of  trestle-trees  built  about 
an  inch  higher  than  the  body  of  the  truck.  The  latter  on 
its  return  simply  backs  under,  knocks  the  first  support 
from  underneath  and  the  load  slides  over  the  rollers  and 
is  locked  securely  on  the  truck  by  the  double  acting  pawl. 


SAFETY  NETS  IN  STRUCTURAL  WORK. 


The  Department  of  Factory  Inspection  of  the  State  of 
Illinois  has  found  that  orders  calling  for  temporary  scaf- 
folds for  the  protection  of  the  men  engaged  in  the  erection 
of  steel  and  iron  structures,  in  many  instances  were  im- 
practicable and  involved  unnecessary  expense.  The  de- 
partment after  much  investigation  and  study  has  decided 
that  by  the  use  of  safety  nets  the  men  will  be  given  much 
better  protection  than  by  wooden  planking,  and  accord- 
ingly is  ordering  the  use  of  these  nets  on  all  classes  of 
structural  work,  where  planking  would  be  impracticable. 

The  safety  nets  are  similar  in  character  to  those  em- 
ployed for  the  protection  of  circus  performers.  It  is 
claimed  for  them  that  they  are  inexpensive,  easily  adjusted 
and  removed,  and  readily  transported  from  one  job  to 
another.  The  nets  are  suspended  beneath  points  where 
the  men  are  working.  Steel  wire  netting  was  not  satis- 
factory, but  rope  netting  was  found  to  fill  the  want.  The 
nets  are  20  by  40  ft.  and  consist  of  "'s  in.  manila  rope,  with 


Safety    Nets   as   Used   by   iVIorava   Construction    Co.    in   the   Erection   of 
the    Recreation    Building    and   Shelter    House   at   Chicago. 

?4  in.  border.  The  mesh  is  6  by  6  in.  The  borders  are 
fitted  with  loops  so  that  the  nets  can  be  readily  attached 
to  various  points  and  shifted  from  place  to  place.  When 
the  job  is  completed  the  nets  are  rolled  up  for  storage  or 
shipment. 

The  accompanying  illustration,  from  the  recently  issued 
report  of  the  Chief  State  Factory  Inspector,  shows  the 
arrangement  of  nets  as  made  by  the  Morava  Construction 
Co.,  Chicago,  in  the  erection  of  the  recreation  building 
and  shelter  house  at  the  municipal  pier  of  Chicago.  This 
picture  shows  removal  of  safety  rope  netting  upon  comple- 
tion of  steel  erection  and  painting. 


A  NEW  MODEL  LITTLE  TUGGER  HOIST. 

For  the  use  of  those  who  prefer  manila  rope  to  wire 
rope  for  light  hoisting  and  hauling,  the  Ingersoll-Rand 
Co.,  11  Broadway,  New  York  City,  has  brought  out  a  new 
model  Little  Tugger  Hoist,  which  is  designated  No.  11. 

The  square  piston,  reversible  driving  engine,  automatic 
lubrication,  enclosed  gearing,  drum  release  clutch  and 
worm  operated  band  brake  are  essentially  the  same  as  in 
the  No.  1  model,  which  was  described  on  page  281,  Engi- 
neering &  Contracting,  Sept.  16,  1914.  The  main  differ- 
ences are  in  the  diameter  and  length  of  the  drum,  the 
width  of  the  flanges  and,  necessarily,  the  main  frame  and 
overall  dimensions. 

The  new  No.  11  Little  Tugger  has  a  hoisting  drum  7  in. 
in  diameter  by  17  in.  long  with  5-in.  flanges.    This  accom- 
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modates  300  ft.  of  %  in.  manila  rope.  The  maximum  ca- 
pacity of  this  hoist  is  conservatively  rated  at  600  lb.  The 
weight  of  the  hoist  itself  is  358  lb.  It  is  21  Vb  in.  long, 
31  ¥4  in.  wide  and  23  in.  high. 

Like  the  No.  1,  the  No.  11  Little  Tugger  is  built  for 
operation  both  by  compressed  air  and  steam.  The  stand- 
ard clamp  fits  a  4V2-in.  diameter  column  or  pipe,  but  by 


New     Model     Hoist. 

removing  the  clamp  the  hoist  can  be  readily  bolted  directly 
to  any  convenient  support,  timber,  flooring,  etc. 

Although  designed  primarily  for  underground  work  it 
can  be  used  by  the  manufacturer  for  all  around  hoisting, 
hauling  and  handling  in  mines,  tunnels,  quarries  and  in- 
dustrial plants.  i 


PORTABLE   MIXERS  SUPPLEMENT 
DISTRIBUTING  TOWERS. 

Portable  mixers  were  used  to  supplement  the  distribut- 
ing towers  in  the  construction  of  a  large  warehouse  ^at 
39th  and  Canal  Sts.,  Chicago,  for  the  Chicago  Junction 
Ry.  Co. 

The  building  is  being  constructed  by  George  A.  Fuller 
Co.,  who  are  using  three  distributing  towers  as  the  prin- 
cipal means  of  conveying  the  mixed  concrete.  For  mix- 
ing the  large  quantity  of  concrete  required  in  the  footings 
and  walls  for  the  street  foundation  and  the  footings  for 
the  numerous  central  columns,  there  were  used  two  of 
"The  Standard"  low  charging  mixers,  made  by  the  Stand- 


progressed,  so  that  it  was  not  necessary  to  wheel  any  of 
the  concrete  a  great  distance.  In  the  accompanying  illus- 
trations. Fig.  1  is  a  panoramic  view  showing  two  of  the 
towers  and  one  of  the  concrete  mixers  (in  the  circle) 
mounted  on  the  wall  at  the  left. 


PERSONALS. 

Bert  Paynter  has  been  appointed  county  road  enEjineer  of  Anderson 
County,  Kentucky. 

A.  W.  Kiusciie  ,t  Co.  have  opened  ofBces  in  the  Ford  building. 
Detroit.   Jlich.,  and  will  carry  on  a  general  building  business. 

Kdniunrt  L.-  Kiatt  has  resigned  as  chief  engineer  of  the  Ray  Con- 
solidated Copper  Co.,  to  become  manager  of  the  Arizona  Ray  Copper 
Co.  . 

C.  R.  Thomas,  Wilmington.  N.  C,  has  been  appointed  division 
engineer  of  the  State  Highway  Department  of  Kentucliy,  succeeding 
O.    S.    Canning,    resigned. 

Edward  L.  Dufourcq  has  removed  his  offices  from  the  Produce 
l':xchange  building  to  No.  IS  Broadway,  New  York  City,  where  he  will 
contiiiue   his   practice   .as*  consulting   mining   engineer. 

Cleveland  A.  .James,  recently  with  the  Lehigh  Valley  R.  R.,  in 
charge  of  Buffalo  terminal  construction,  has  located  in  Room  920, 
fidelity  Trust  building,   Buffalo,   N.   T.,   as  consulting  engineer. 

J.  A.  Shepard.  superintendent  of  terminals  at  Kansas  City,  Mo. 
for  the  Missouri  Pacific  R.  R.,  has  been  elected  president  and  general 
manager  of  the  Trans-Mississippi  Terminal  Co.  of  New  Orleans. 

Arthur  L.  Luedke  has  resigned  as  assistant  division  engineer  of 
the  Wisconsin  Highway  Commission  at  Jlilwaukee.  Wis.,  to  accept  a 
position  as  engineer-economist  in  the  U.  S.  Office  of  Public  Roads. 
Mr.  Luedke's  duties  will  be  along  studies  in  road  economics  and  costs. 

G.  W.  Rtickiiey  has  been  appointed  chief  engineer  of  the  Rivers 
and  Lakes'  Commission  of  Illinois.  Mr.  Stickney  formerly  was  design- 
ing engineer  of  the  paving  department  of  Syracuse,  N.  T.  He  also 
has  had  experience  on  the  Metropolitan  Waterworks  of  Boston,  Mass., 
and  on  the  New  York  State  Barge  Canal. 

Alfred  Craven,  chief  engineer  of  the  Public  Se-vice  Commission 
for  the  First  District  of  New  York  City  since  Oct.  1,  1911,  on  Nov.  1 
becomes  con&'ulting  engineer  to  the  Commission  at  a  salary  of  $12,000 
1-er  year.  The  position  was  created  for  the  purpose  and  in  recogni- 
tion of  Mr.  Craven's  valuable  services  to  the  city  and  to  the  Com- 
mission. Tli«  Commission  designated  Daniel  L.  Turner  as  acting 
chief  engineer  at  a  salary  of  $12,500.  Mr.  Turner,  who  is  now  deputy 
engineer  of  subway  construction,  has  at  times'  acted  as  chief  engi- 
neer. 

The  Alabama  Technical  Association  has  been  formally  organized 
at  Birmingham,  Ala.  The  association  includes  life  members  of  the 
five  national  engineering  societies:  The  American  Society  of  Civil 
Engineers.  American  Society  of  Mechanical  Engineers.  .American  In- 
stitute of  Electrical  Engineers,  American  InKtitute  of  Mining  Engi- 
neers, and  the  American  Chemical  Society.  The  movement  for  the 
state  organization  was  started  by  H.  S.  Geismer,  Frank  H.  Crockard. 
S.  H.  Lewis,  Martin  .7.  Lide.  Julian  Kendrick,  H.  M.  Gassman,  F.  G. 
Cutler,  Priestly  Toulmin  and  W.  E.  Mitchell.  The  proposed  consti- 
tution and  by-laws  of  the  association  have  been  drawn  by  a  committee 
composed  of  Martin  L.  Lide.  F.  G.  Cutler  and  H.  S.  Geismer. 


Portable    Mixer   in    Construction   of   V\/arehouse,    Chicago. 

ard  Scale  &  Supply  Co.,  Chicago.  One  of  these  was  of  10 
cu.  ft.  capacity  and  the  other  of  16  cu.  ft.  capacity.  After 
the  street  foundation  walls  were  completed  the  mixers 
were  mounted  directly  on  these  walls  for  supplying  con- 
crete for  central  foundation  footings.  When  placed  in 
this  manner  the  mixers  discharged  directly  into  hoppers 
from  which  the  concrete  was  gated  into  carts  for  distribu- 
tion.   The  mixers  were  moved  along  the  walls  as  the  work 


OBITUARY. 

William  L  Price,  of  Price  &  AIcLanalian,  Architects.  Philadelphia, 
Pa.,  dieil  Oct.  14  at  liis  homo  near  Maylan,  Pa.,  aged  54  years.  Sir. 
Price  had  been  ill  about  two  weeks  from  a  nervous  breakdown  and 
his  death  was  unexpected.  He  desigmed  many  of  the  largest  hotels 
and  Other  prominent  structures  in  this  country. 

Lawrence  M.  Thacher.  for  the  past  ten  years  a  member  of  the 
engineering  department  of  the  Georgia  Ry.  &  Power  Co.,  died  Oct.  6 
at  a  hospital  in  Atlanta,  Ga.  He  was  a  gradnato  of  the  Massachu- 
setts Institute  of  Technology  .and  for  fourteen  years  had  been  engaged 
in  engineering  work  in  the  .south.  He  was  for  several  years  resident 
engineer  in  charge  of  extending  the  Florida  East  Coast  Ry.  to  Key 
"".Vest.  At  th5  time  of  his  death  he  was  president  of  the  Atlantic 
section   of  the   Engineering   Association   of   the   South. 

Virgil  G.  Bogue,  one  of  the  foremost  civil  engineers  of  America, 
died  Oct.  14  on  the  steamship  Esperanza,  while  en  route  from  Mexico 
to  New  'York  City.  Mr.  Bogue  was  born  in  1S4G  and  was  graduated 
trom  Rensselaer  Polytechnic  Institute  in  1S68.  His  first  work  was  as 
as&'istant  engineer  at  Prospect  Park,  Brooklyn,  N.  Y.  Later  he  be- 
came assistant  engineer  of  the  Obiju  Ry.  in  Peru  and  then  manager 
■ti  the  Trajille  Ry.  of  Peru.  He  was  assistant  engineer  of  the  North- 
ern Pacific  R.  R.  and  had  charge  of  the  construction  through  Idaho 
and  Washington.  In  1SS6  he  became  chief  engineer  of  the  Union 
J^acific  R.  R.,  resigning  this  position  in  1S91  to  take  up  private  prac- 
tice in  New  York  Cily  as  consulting  engineer.  In  the  latter  capacity 
he  h.is  been  connected  with  many  notable  railway  undertakings.  "WTien 
the  W^estern  Pacific  Ry.  was*  started  Mr.  Bogue  became  vice-president 
and  chief  engineer,   serving  in  these  capacities  from   1905   to  1909. 


INDUSTRIAL   NOTES. 

The  Nordberg  Mfg.  Co.,  Milwaukee,  Wis.,  builders  of  steam  and 
electric  hoists,  Corlisrs  engines,  etc.,  announce  the  appointment  of 
H.  W.  Dow  as  sales  manager.  Mr.  Dow  has  been  associated  with  the 
Nordberg  Mfg.  Co.  in  the  engineering  and  sales  departments  for 
twelve  years. 

The  Gramm-Bernstein  Co.,  of  Lima,  O.,  makers  of  the  motor  truck 
bearing  its  name,,  has  been  reorganized,  and  a  new  company  to  be 
known  as  the  Gramm-Bernstein  Motor  Truck  Co.  has  been  incorpor- 
ated with  a  capital  stock  of  $4,000,000  divided  into  $3,000,000  common 
shares  and  $1,000. 000  preferred  shares.  -  The  officers  of  the  new  com- 
pany will  be  as  follows:  M.  Bernstein,  president  and  treasurer;  B.  A. 
Gramm.  vice-president  and  general  manager;  H.  O.  Bentley,  secretary 
and  legal  adviser;  R.  H.  Spear,  director  of  sales. 

With  the  co-operation  of  Harvard  University  and  the  Massachu- 
setts Institute  of  Technology,  the  Barber  Asphalt  Paving  Co.  has  es- 
tablished at  these  institutions  a  fellowship  for  research  in  asphaltic 
materials  and  their  uses.  The  fellowship  is  to  be  known  as  "The 
Clifford  Richardson  Fellowship."  Mr.  Richardson  is  a  distinguished 
alumnus  of  Harvard  and  this,  taken  in  connection  with  his  great  con- 
tributions to  ae.phaltic  highway  construction  and  his  work  in  the 
I'liemistry  of  bitumens,  makes  the  desi.snation  of  the  fellowship  par- 
ticularly appropriate.  The  appointment  of  the  incumbent  of  the  fel- 
lowship" and  the  choice  of  subjects  for  investigation,  as'  well  as  the 
disposition  to  be  made  of  the  results  of  such  investigations  as  may 
be  undertaken,  are  to  be  decided  by  the  institute  faculty  or  the  joint 
committees  of  the  university  and  the  institute  having  control  of  engi- 
neering work. 
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AN  OPEN  LETTER  TO  THE  CHICAGO  TRIBUNE 
ON  THE  FEDERAL  AID  ROAD  LAW. 

In  yesterday's  issue  of  the  Tribune  you  class  the  federal 
appropriation  for  road  work  as  a  piece  of  "pork  barrel" 
legislation.  I  can  hardly  believe  that  you  are  familiar 
with  the  provisions  of  the  new  law  under  which  the  fed- 
eral government  is  to  render  financial  aid  to  the  states  in 
building  roads. 

No  state  can  secure  its  share  of  the  $75,000,000  appro- 
priation without  matching  every  dollar  that  the  govern- 
ment puts  up  with  a  dollar  of  its  own.  This  alone  assures 
protection  against  the  "pork"  feature,  and  differentiates 
this  road  bill  from  the  river  and  harbor  bills  that  have  so 
often  proved  to  be  mere  money  grabs. 

Not  until  certain  states  began  to  pass  similar  road  laws, 
under  which  the  state  at  large  aided  the  local  communities 
in  financing  road  improvement,  did  American  highways 
deserve  the  name  of  good  roads.  One  by  one  the  states 
have  been  falling  into  line,  passing  state  aid  road  laws, 
and  thus  getting  their  first  taste  of  good  roads. 

The  economic  argument  in  favor  of  state  aid  is  this: 
Roads,  like  railways,  are  not  purely  local  institutions,  for 
the  entire  country  profits  directly  and  immediately 
through  their  improvement.  If,  then,  roads  are  not  purely 
local  in  their  effect  upon  industrial  progress  and  upon  the 
cost  of  living,  it  becomes  the  part  of  statesmanship  to  pro- 
vide at  least  part  of  the  money  for  road  improvement  from 
the  funds  of  the  state  at  large. 

Whatever  be  the  theories  that  may  be  raised  against 
such  an  argument,  one  fact  stands  shingingly  forth:  No 
state  in  America  or  Europe  ever  secured  a  substantial 
mileage  of  satisfactory  roads  until  roads  w-ere  built  with 
money  secured  from  other  sources  than  local  assessments. 
Were  America  entirely  centralized  as  to  government,  all 
of  America  would  be  "the  state,"  and  then  no  student 
of  public  economics  could  be  found  to  oppose  federal  aid 
in  road  building. 

By  the  chance  of  evolution,  America  is  a  state  federated 
— a  union  of  states.  The  central  government  may  now 
exercise  fewer  functions  than  do  the  corresponding  gov- 
ernments of  Europe,  but  this  does  not  alter  the  general 
economic  law  that  it  profits  all  the  country  to  develop  its 
public  highways  with  capital  secured,  at  least  in  part, 
from  other  than  local  sources.  What  the  states  have  in- 
dividually found  wise  to  do— .sliare  the  burden  of  road 
costs  with  the  counties  and  road  districts — the  nation  at 
large  will  also  find  wise  to  do. 

More  than  10  years  ago  the  writer  associated  himself 
with  other  civil  engineers  and  men  of  public  spirit  in  an 
effort  to  secure  a  federal  aid  road  law.  Neither  political 
faith  nor  place  of  residence  affected  any  of  us.  We  be- 
longed to  both  of  the  great  parties  and  when  we  went  to 
Washington,  I).  C,  we  represented  every  section  of  Amer- 
ica. We  failed  in  our  effort  then,  but  we  have  kept  up 
the  fight  for  federal  aid  until  at  last  some  measure  of 
success  has  rewarded  our  efforts.  I  doubt  not  that  a  Re- 
publican administration  would  have  done  what  the  Demo- 
cratic administration  did.  for  the  arguments  in  favor  of 
federal  aid  in  road  building  have  become  well  nigh  in- 
vincible. The  only  real  opposition  to  arguments  was  to 
be  found  in  two  phrases — "pork  barrelism"  and  "paternal- 
ism." But  we  killed  the  first — "pork  barrelism" — by  pro- 
viding that  every  state  must  share  equally  with  the  gov- 
ernment the  cost  of  road  building;  and  the  second — "pa- 
ternalism"—died  A  natural  death,  for  it  never  was  more 
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than  a  hybrid  verbalistie  bugaboo  of  doubtful  ancestry 
and  incapable  of  propagating  its  kind. 

After  studying  the  federal  road  aid  law,  I  believe  the 
Tribune  will  join  us  in  the  effort  always  to  keep  "pork 
barrelism"  out  of  the  law,  for  it  certainly  is  not  in  the 
law  now.  And  I  trust  that  we  may  have  the  active  sup- 
port of  your  great  influence  in  furthering  the  development 
of  a  highway  system  that  will  do  more  toward  reducing 
the  high  cost  of  living  than  any  single  thing  that  can  be 
named.  Yours  very  truly, 

Halbert  P.  Gillette, 
Editor,  ENGINEERING  and  CONTRACTING. 

Oct.  10,  1916. 


THE   "CITY  AID"   PLAN   OF  STREET  IMPROVE- 
MENT AND  ITS  EFFECT  ON  HEALTH 
AND  ECONOMY. 

Reasoning  by  analogy  is  apt  to  lead  to  error  unless  the 
analogous  things  are  fundamentally  alike.  It  has  been 
well  established  that  country  road  improvement  invari- 
ably lags  behind  economic  necessity  wherever  the  entire 
cost  of  the  road  improvement  is  assessed  against  the 
abutting  property  owners.  Realization  of  this  fact  leads 
first  to  "road  district  aid,"  then  a  "county  aid,"  then  to 
"state  aid"  and,  finally,  to  "national  or  federal  aid"  in 
road  building.  But  as  yet  we  have  not  generally  awakened 
to  the  fact  that  there  is  so  close  an  analogy  between  coun- 
try roads  and  city  streets  that,  to  secure  adequate  and 
general  improvement  in  city  streets,  the  abutting  prop- 
erty owners  must  have  "city  aid." 

City  engineers  should  universally  determine  the  types 
of  pavement  required,  design  and  supervise  the  construc- 
tion, and  the  city  at  large  should  bear  half,  if  not  three- 
fourths,  the  cost  of  construction  of  all  pavements  within 
the  city  limits.  The  old  theory  that  the  abutting  property 
owner  is  the  sole  beneficiary  from  street  improvement  will 
scarcely  be  brought  forward  even  by  the  most  pronounced 
advocate  of  individualism. 

In  many  towns  a  few  skinflint  property  owners  or 
absentee  landlords  block  every  effort  to  provide  up-to-date 
pavements  on  many  streets.  Frequently  the  majority  of 
property  owners  are  forced  to  give  in  to  the  minority,  to 
get  any  pavement  at  all,  and  there  results  a  "cheap  and 
nasty"  pavement  that  disgraces  the  entire  neighborhood 
for  years.  But  it  is  not  so  much  the  disgrace  of  a  shabby, 
rutty,  dirty  street  as  it  is  the  loss  of  economy  and  health 
that  should  engross  the  attention  of  city  dwellers. 

Doctor  Flexner,  head  of  the  Rockefeller  Institute,  said 
in  the  New  York  Medical  .Journal,  July  22,  in  speaking  of 
infantile  paralysis: 

Here  drying  of  the  secretions  is  not  protection:  on  the  contrary, 
as  the  dried  secretions  may  ae  converted  into  dust,  which  is  breathed 
into  the  nose  and  throat,  they  become  a  potential  source  of  infection. 

Doctor  Neustaedter,  of  the  New  York  University,  em- 
phatically afldrms  that  dust  is  the  greatest  disseminator  of 
infantile  paralysis.    He  says: 

"I  advise  a  thorough  scrubbing  of  the  floors  and  frequent  flushing 
(ti  the  streets  and  sldewall<s.  We  muse  remember  that  people  spit  on 
the  wallis  and  children   play    there.*' 

It  is  now  pretty  generally  conceded  that  diseases  of  the 
respiratory  organs — pneumonia,  tuberculosis,  "colds"  in 
general,  etc. — are  mainly  transmitted  by  means  of  dust. 
Doubtless,  also,  many  other  diseases  are  similarly  trans- 
mitted. A  clean  street  is  possible  only  where  the  pave- 
ment   is    smooth.      A    smooth    pavement    permits    proper 
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sweeping,  and,  best  of  all,  flushing.  But  how  many  of 
our  pavements  are  smooth?  Those  who  ride  in  automo- 
biles know  that  a  very  small  percentage  of  the  pavements 
in  any  city — save  a  few  rare  and  notable  exceptions — are 
even  tolerably  smooth. 

Already  there  is  a  cry  for  cleaner  streets,  but  how 
many  taxpayers  realize  that  this  is  tantamount  to  an  ask- 
ing for  smooth  pavements.  If  many  of  them  did  realize  it, 
and  if  they  know  something  of  the  history  of  road  im- 
provement, they  would  cease  their  cry  for  cleanliness 
until  they  had  first  secured  a  revision  of  city  ordinances 
and  methods  of  assessing  street  improvements.  They 
would  aim  first  to  get  "city  aid"  in  building  streets,  and 
the  placing  of  all  authority  as  to  street  work  in  the  hands 
of  the  city  engineer.  Then  there  could  be  effectively 
started  a  campaign  for  good,  smooth  pavements  through- 
out the  city.  And,  finally,  having  obtained  smooth  pave- 
ments, freedom  from  dirt  and  dust  could  be  readilj'  se- 
cured. 

Little  at  this  time  need  be  said  about  the  saving  in  de- 
livery costs  that  will  result  when  all  pavements  are 
smooth.  The  wear  and  tear  on  tires  and  motors,  result- 
ing from  poor  pavements,  is  already  causing  great  expense 
in  eveiT  city,  and  the  expense  is  increasing  annually  in 
geometrical  proportion.  This  expense  burden  is  upon  all 
residents  of  every  city,  and  it  alone  would  justify  the  con- 
tention that  the  city  at  large  should  bear  most  of  the  cost 
of  street  paving. 

Let  city  engineers  adopt  for  a  slogan,  "City  aid  in 
street  improvement."  Highway  engineers,  by  incessantly 
calling  for  "state  aid  in  road  work,"  have  at  last  aroused 
the  general  public  to  adequate  appreciation  of  the  desir- 
ability of  relieving  the  farmer  of  a  large  part  of  the  cost 
of  road  building.  Similarly  the  "abutting  property  own- 
er" in  the  city  must  be  relieved  by  the  city  at  large. 
Give  him  "city  aid"  if  you  wish  smooth,  clean  pavements, 
with  consequent  economy  in  transportation  and  a  lower 
death  rate. 


AN    ORGANIZATION    TO    CO-ORDINATE 
SCIENTIFIC  RESEARCH. 

Scientific  research,  or  the  systematic  investigation  of 
nature,  is  now  conducted  by  a  multitude  of  individuals, 
societies,  companies  and  government  bureaus  or  depart- 
ments. The  question  has  been  raised  whether  it  may  not 
be  possible  so  to  co-ordinate  all  these  efforts  as  to  advance 
our  scientific  knowledge  at  an  even  greater  speed.  The 
National  Academy  of  Science  has  appointed  a  National 
Research  Council  whose  object  is  to  co-ordinate  research 
work  in  America  in  order  to  secure  the  most  eflJicient  solu- 
tions of  industrial  and  military  problems.  The  Engineer- 
ing Foundation  has  placed  about  $15,000  yearly  at  the 
disposal  of  the  National  Research  Council,  and  a  move- 
ment has  been  started  to  raise  more  funds. 

The  chairman  of  the  council  is  the  celebrated  astrono- 
mer. Dr.  George  E.  Hales,  director  of  the  Mt.  Wilson  ob- 
servatory in  California.  Pure  science  is  represented  on 
the  council  by  five  noted  scientists: 

Edwin  G.  Conklin,  professor  of  zoology,  Princeton  Uni- 
versity. 

A.  A.  Noyes  and  L.  H.  Baekeland,  professors  of  chem- 
istry, the  former  of  Massachusetts  Institute  of  Tech- 
nology. 

A.  A.  Michelson,  professor  of  physics.  University  of 
Chicago. 

M.  I.  Pupin,  professor  of  electricity,  Columbia  Uni- 
versity. 

Medicine  and  surgery  are  represented  on  the  Council  by 
four  physicians  and  surgeons : 

Dr.  Simon  Flexner,  director  of  the  Rockefeller  Medical 
Institute. 

Dr.  William  H.  Welch,  president  of  the  National  Acad- 
emy of  Science. 

Dr.  William  C.  Gorgas,  surgeon  general  of  the  U.  S. 
Army. 

Dr.  Victor  C.  Vaughn,  past  president  of  the  American 
Medical  Society. 
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In  addition  to  Prof.  Pupin,  above  named,  there  are  eight 
engineers  from  the  national  engineering  societies  and  col- 
leges : 

Clemens  Herschel,  president  of  the  American  Society  of 
Civil  Engineers. 

Charles  F.  Rand,  president  of  the  United  Engineering 
Society. 

John  J.  Carty,  past  president  of  the  American  Institute 
of  Electrical  Engineers. 

C.  E.  Skinner,  director  of  the  research  laboratory  of  the 
Westinghouse  Co. 

W.  R.  Whitney,  director  of  the  research  laboratory  of 
the  General  Electric  Co. 

Gano  Dunn,  president  of  the  J.  G.  White  Engineering 
Corporation. 

W.  F.  M.  Goss,  dean  of  engineering,  University  of  Illi- 
nois. 

R.  H.  Chittenden,  dean  of  Sheffield  Scientific  School, 
Yale. 

The  armj^  navy  and  other  branches  of  the  government 
are  represented  by  eight  men:  Maj.-Gen.  William  Crozier, 
Lieut.-Col.  George  0.  Squier,  Chief  Constructor  David  W. 
Taylor,  Dr.  S.  W.  Stratton,  Van  H.  Manning,  Prof.  Charles 
F.  Marvin,  Dr.  William  H.  Holmes  and  Dr.  Charles  D. 
Walcott. 

The  remaining  12  members  of  the  Council  are:  Dr. 
John  A.  Brashear,  Dr.  W.  W.  Keen,  Prof.  R.  C.  Pickering, 
Prof.  Theodore  W.  Richards,  Prof.  R.  A.  Millikan,  Am- 
brose Swasey,  Dr.  Elihu  Thomson,  Dr.  C.  R.  Van  Hise,  Dr. 
J.  M.  Coulter,  Prof.  Raymond  Pearl,  Prof.  M.  T.  Bogart. 

To  the  present  total  of  38  members  of  the  National  Re- 
search Council  other  members  will  be  added  as  the  needs 
of  the  work  may  require. 

Although  engineers  are  fairly  well  represented  on  the 
Council,  the  names  of  several  more  engineers  occur  to  us 
as  desirable  additions  to  a  Council  whose  primary  object 
is  to  co-ordinate  scientific  research.  Perhaps  a  more  im- 
portant omission  is  the  names  of  professional  inventors, 
of  whom  not  one  appears  among  the  27,  if  we  except  Mr. 
Skinner  and  Mr.  Whitney,  the  two  directors  of  great  re- 
search laboratories.  Surely  men  like  Edison,  who  have 
conducted  extensive  experimental  researches,  are  among 
the  best  qualified  to  advise  on  matters  such  as  this  Coun- 
cil will  act  upon. 

It  may  be  questioned,  of  course,  whether  so  heterogene- 
ous a  body  as  this  Council  of  38  can  so  act  as  to  accom- 
plish its  aims.  The  experiment,  however,  is  well  worth 
trying.  At  any  rate  it  adds  one  more  noteworthy  attempt 
at  "getting  together"  for  the  good  of  society. 


ELIMINATE  DECEPTIVE  COSTS  OF  ROAD 
MAINTENANCE. 

Costs  of  road  maintenance  in  New  York  State  have  been 
repeatedly  quoted  to  prove  the  high  upkeep  charges  on 
certain  classes  of  roads.  Some  time  ago  we  pointed  out 
that  the  entire  rebuilding  of  old  roads  to  enable  them  to 
stand  up  under  automobile  traffic  is  either  not  a  main- 
tenance cost  at  all,  or,  if  so  regarded,  is  not  applicable  in 
estimating  the  maintenance  cost  of  modern  roads.  In  an- 
other column  an  article  by  Mr.  Daniel  T.  Pierce  brings 
out  the  fact  that  engineering  and  inspection  costs  ("over- 
head charges")  for  road  maintenance  in  New  York  state 
bear  no  relation  whatever  to  the  direct  cost  of  labor  and 
materials.  The  "overhead  charges"  seem  to  be  arbitrarily 
assigned  to  the  different  roads,  and  therefore  tend  to 
obscure  the  actual  maintenance  costs  on  individual  roads. 

Eliminating  "engineering  and  inspection"  charges,  Mr. 
Pierce  shows  a  very  significant  fact,  hitherto  obscured, 
namely,  that  the  average  cost  of  maintaining  12  roads  con- 
structed with  natural  asphalt  binder  has  been  $213  per 
mile  per  annum,  as  compared  with  $385  per  miles  per  an- 
num for  12  roads  constructed  with  residual  asphalt  binder. 

Quantitive  data  to  establish  such  a  fact  have  hitherto 
been  insufficient  to  carry  complete  conviction.  Hence,  we 
regard  this  article  by  Mr.  Pierce  as  among  the  most  im- 
portant contributions  to  the  literature  of  road  main- 
tenance. 
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We  take  this  occasion  again  to  insist  that  until  the 
states  adopt  better  methods  of  prorating  "overhead 
charges,"  as  well  as  a  more  scientific  distinction  between 
road  improvement  and  road  repairs,  the  road  maintenance 
costs  published  in  most  of  the  state  highway  re"ports  will 
remain  highly  misleading  to  engineers  and  even  more  so 
to  taxpayers. 


THE  DISINTEGRATION  OF  CERTAIN  CONCRETE 
ROADS  AND  ITS  LESSON. 

The  concrete  roads  of  Wayne  County,  Michigan,  have 
been  so  assiduously  advertised  as  being  the  last  word  in 
road  construction  that  it  will  surprise  a  good  many  high- 
way engineers  to  hear  that  extensive  resurfacing  of  some 
of  them  is  under  way.  One  of  the  roads  has  recently  been 
resurfaced  with  a  3-in.  layer  of  1:1.5:2.5  concrete  rein- 
forced with  triangular  mesh  wire.  Other  roads  have  re- 
quired patches  covering  large  areas. 

The  sooner  the  advocates  of  concrete  roads  for  any  and 
all  conditions  come  to  a  realization  that  there  are  limita- 
tions to  the  life  of  concrete  under  heavy  traffic,  the  better 
will  it  be  for  all  concerned.  Once  a  concrete  surface  be- 
gins to  crumble,  it  is  exceedingly  difficult  to  prevent 
rapid  enlargement  of  the  abraded  area,  for  a  thin  layer 
of  new  concrete  placed  upon  the  old  does  not  make  a  satis- 
factory patch.  Concrete  in  this  respect  differs  from  ma- 
cadam and  from  asphalt. 

Almost  any  pavement  surface,  save  waterbound  ma- 
cadam, will  hold  up  under  the  traffic  of  pneumatic  tired 
vehicles.  But  under  heavy  motor  trucks,  particularly 
those  hauling  steel  tired  trailers,  concrete  is  no  more  im- 
mune from  wear  than  any  other  kind  of  pavement;  indeed 
it  is  less  resistant  than  some  types. 

If  it  be  conceded  that,  under  the  heavy  traffic  that  is 
fast  developing  on  many  roads,  every  kind  of  pavement 
must  suflfer  some  degree  of  wear,  then  it  is  patent  that  the 
engineer  must  give  considerable  thought  to  the  means 
available  for  patching  and  repairing,  and  to  the  relative 
costs  of  such  maintenance. 

We  believe  that  it  will  become  increasingly  evident  that 
all  roads  subject  to  heavy  traffic  must  be  built  in  two 
layers — a  cheap  base  to  distribute  the  concentrated  wheel 
load  and  a  more  expensive  wearing  surface  to  resist  the 
direct  impact  and  abrasion  of  traffic.  The  wearing  sur- 
face to  be  easily  patched  must  not  be  integral  with  the 
base.  This  is  a  return  to  first  principles  in  road  building 
which  is  certain  to  occur. 


SEPARATE  ROADWAYS  FOR  MOTOR  TRUCKS. 

What  is  perhaps  the  first  separate  road  for  motor  truck- 
ing is  now  being  built  by  Los  Angeles  county,  California. 
The  road  is  13.3  miles  long  from  Los  Angeles  to  the  har- 
bor at  San  Pedro.  It  consists  of  a  5-in.  base  of  disinte- 
grated granite,  40  ft.  wide,  forming  a  waterbound  ma- 
cadam on  the  center  of  which  is  laid  8  in.  of  1:2:4  con- 
crete, 24  ft.  wide.  A  bituminous  carpet  covers  the  con- 
crete. 

As  motor  trucking  becomes  increasingly  important  we 
may  confidently  look  to  see  a  rapidly  growing  mileage  of 
roads  built  exclusively  for  such  traffic,  in  and  about  all 
cities  of  considerable  size.  We  say  "in"  as  well  as 
"about,"  for  inevitably  certain  streets  of  every  large  city 
will  be  given  up  to  slow-moving  heavily-loaded  vehicles. 

Rubber  tired  motor  trucks,  especially  when  not  loaded 
above  750  lb.  per  in.  of  tire  width,  apparently  do  little 
damage  to  the  surface  of  a  properly  designed  pavement, 
but  it  is  obvious  that  a  thicker  pavement  base  is  required 
for  heavy  motor  trucks  than  for  pleasure  cars  or  light  de- 
livery trucks.  This  fact,  coupled  with  the  desirability  of 
separating  fast-moving  from  slow-moving  vehicles,  makes 
it  desirable  to  build  separate  roadways  for  heavy  trucking 
wherever  the  density  of  traffic  warrants. 


"LOCATING  ROADS  WITH  REFERENCE  TO 
MAINTENANCE." 

To  the  Editor:  I  have  read  with  much  interest  the  edi- 
torial in  your  issue  of  Oct.  4  entitled,  "Locating  Roads 
with  Reference  to  Maintenance." 

I  think  that  your  editorial  strikes  the  keynote  of  sound 
engineering  practice  on  highway  location,  and  I  do  not 
think  that  many  of  the  points  brought  out  in  your  edi- 
torial are  fully  appreciated  by  highway  engineers  until 
they  have  had  some  actual  experience  in  highway  main- 
tenance. 

In  the  course  of  my  personal  experience  I  have  twice 
been  tempted  to  make  extensive  channel  changes  where 
they  showed  a  saving  in  first  cost.  In  both  instances  1  was 
inclined  at  the  start  to  believe  that  these  channel  changes 
— each  of  which  eliminated  two  steel  bridges — would  re- 
sult in  a  greatly  reduced  maintenance  cost,  and  in  both 
instances  I  was  bitterly  disappointed,  as  in  the  case  of 
one  of  these  channel  changes  the  annual  damage  from 
erosion  during  the  first  two  years  was  considerably  in 
excess  of  the  probable  cost  of  upkeep  on  the  two  bridges 
eliminated  by  the  change.  Since  that  time  1  have  not  been 
in  personal  contact  with  this  work,  but  I  am  advised  that 
the  maintenance  conditions  at  both  of  these  places  are  far 
from  satisfactory. 

Yours  very  truly, 

Wm.  F.  Cocke, 
Commissioner,  Florida  State  Road  Department. 

Tallahassee,  Fla.,  Oct.  12,  1916. 


On  some  of  the  highways  in  Louisiana  crossing  bayous 
culverts  are  used  primarily  to  equalize  the  water  level  on 
each  side  of  the  embankment.  This  pipe  is  laid  below 
the  water  level  and  is  generally  called  an  equalizer. 


THE  GRANITE  BLOCK  PAVEMENT. 

To  the  Editor:  In  your  issue  of  Sept.  6,  1916,  on  pages 
204  and  205,  you  ran  an  editorial  article  under  the  title 
"Should  Stone  Block  Pavements  Be  Longer  Tolerated?" 
and  in  this  article  severely  arraigned  the  granite  block 
pavement. 

It  is  very  evident  the  writer  of  that  article  is  unfa- 
miliar with  the  modern  improved  smooth  granite  block 
pavement  as  laid  by  the  engineers  of  most  of  the  large 
and  many  of  the  smaller  cities  of  the  United  States.  It 
is  a  well  known  fact  that  the  only  material  known  to 
science  and  engineers  today  which  is  suitable  for  a  mod- 
ern smooth  pavement,  and  which  will  stand  up  longest 
and  at  least  cost  under  the  most  severe  traffic  is  the  im- 
proved granite  block  pavement. 

Also  in  direct  refutation  of  the  argument  that  the 
modern  motor  truck  has  eliminated  the  need  for  granite 
I  attach  herewith  a  copy  of  a  letter  written  to  Dr.  Row- 
ley of  Boston  by  the  Law  and  Traffic  Department  of  the 
Motor  Truck  Club  of  America,  definitely  stating  that 
after  two  years  of  thorough  investigation  of  pavements 
suitable  for  motor  truck  traffic  they  have  conclusively 
endorsed  the  modern  granite  block  pavement  as  being 
the  most  serviceable  and  most  acceptable  to  them  of  all 
types  of  pavement. 

We  think  it  is  only  justice  to  your  subscribers  that 
you  publish  this  letter  and  also  the  copies  of  the  letters 
from  the  Coal  Jlerchants'  Association  of  New  York  City, 
largely  using  motor  trucks;  and  the  Team  Owners'  Asso- 
ciation of  New  York,  largely  using  horses;  and  the  let- 
ter of  the  Humane  Society  of  New  York. 

[Lack  of  space  prevents  the  publishing  of  these  let- 
ters.— Editor.] 

Not  only  that,  but  we  attach  a  copy  of  a  letter  writ- 
ten officially  by  the  New  York  Life  Insurance  Co.,  a  large 
owner  of  office  building  property  in  New  York,  directly 
endorsing  the  modern  type  of  granite  block  pavement 
even  for  such  a  congested  office  and  business  section  of 
New  York  City  as  lower  Broadway. 

It  does  not  seem  possible  your  editorial  writer  has  never 
seen  a  modern  granite  pavement,  of  which  millions  of 
yards  have  been  laid  in  the  various  cities  of  the  United 
States  in  the  past  six  to  seven  years,  but  we  are  often 
surprised  that  so  many  laymen  and  even  engineers  ride 
over  modern  smooth  granite  block  pavements  and  fail 
to  recognize  them  as  granite,  because  they  are  familiar 
only  with  the  old  style  stone  block  pavements. 
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A  modern  granite  block  pavement  is  not  only  just  as 
smooth  and  even  of  surface  after  a  very  few  months'  use 
as  the  other  types  of  modern  pavements,  but  it  is  the 
only  paving  material  in  use  today  to  any  great  extent 
which  is  not  excessively  slippery  when  wet.  With  a 
granite  pavement  surface  under  his  tires,  the  truck  or 
auto  driver  or  the  teamster  can  sucessfully  move  at  from 
25  per  cent  to  50  per  cent  faster  speed  and  with  40  per 
cent  to  60  per  cent  greater  safety,  on  wet  or  frosty  or 
snowy  days  than  on  any  other  type  of  modern  pavement. 

The  statement  is  also  made  in  your  article  that  stone 
block  pavements  are  so  expensive  in  first  cost  that  their 
economic  use  has  never  been  justified  at  all,  except 
where  traffic  is  very  dense. 

If  all  the  costs  of  administration,  material,  repair 
gangs,  losses  from  delays  to  traffic  and  breakages  due  to 
unevenness,  holes,  ruts,  etc.,  could  be  charged  up  against 
any  pavement,  other  than  granite,  it  would  undoubtedly 
much  overtop  the  original  cost  of  the  granite  block  pave- 
ment which  has  stood  traffic  on  Main  St.,  Worcester, 
Mass.  (population  over  200,000),  for  15  years,  with  an 
initial  cost  of  only  about  $3.21  per  square  yard,  and  no 
expense  for  maintenance  due  to  wear  and  tear  since  that 
original  cost,  and  still  in  perfect  condition,  with  a  prob- 
able life,  according  to  Mayor  Wright  of  Worcester,  of 
from  35  to  50  years  more,  with  no  maintenance  necessary 
due  to  wear  and  tear. 

No,  this  is  not  a  fairy  tale,  and  the  best  evidence  we 
could  offer  to  the  engineers  of  the  United  States  that  this 
statement  is  a  fact  is  that  the  cities  of  New  England  and 
New  York  State  and  New  Jersey,  which  have  had  their 
officials  carefully  investigate  the  facts  regarding  this 
Worcester  pavement  have  now  followed  the  lead  of  Wor- 
cester and  have  laid  within  the  past  10  years  several  hun- 
dred miles  of  this  type  of  pavement. 

Furthermore,  the  city  of  Greater  New  York  has  con- 
sistently laid  improved  granite  block  pavements  on  all  its 
main  business  streets  for  the  past  six  years,  using  as- 
phalt almost  exclusively  for  its  residence  streets;  this 
attitude  on  the  part  of  the  engineers  of  the  different 
boroughs  being  directly  the  result  of  their  cost  experience 
with  the  upkeep  of  all  pavement  materials. 

An  investigation  of  your  construction  news  pages  will 
also  clearly  show  that  Boston  has  just  ordered  laid  al- 
most 1500,000  worth  of  improved  granite  block  pave- 
ments; Philadelphia  is  laying  more  and  more  of  this  type 
of  pavement  every  year;  Cleveland  is  laying  miles  of 
stone  block  pavements;  Chicago  and  Cincinnati,  miles 
more — Cincinnati  having  just  passed  by  two-thirds  citi- 
zen vote  an  order  for  a  $2,000,000  bond  issue  for  granite 
block  pavements  to  go  on  five  of  her  main  streets. 

The  last  paragraph  of  your  article  also  shows  a  lack 
of  familiarity  with  the  proceedings  of  recent  conventions 
and  road  meetings,  as  the  great  problem  which  city  engi- 
neers everywhere  are  today  studying  most  carefully  is 
the  economic  design  of  a  pavement  which  will  stand  the 
constantly  increasing  weight  and  speed  of  modern  trucks, 
granite  block  up  to  this  time  being  the  only  recognized 
material  which  all  city  engineers  have  found  is  safe, 
economic  and  convenient  for  service  under  any  and  all 
conditions  of  traffic  and  weather. 

Finally  we  want  to  question  your  statement  that  even 
a  very  smooth  granite  block  pavement,  with  cement 
joints,  shows  a  resistance  60  per  cent  more  than  asphalt 
at  12  miles  an  hour,  unless  you  qualify  it  by  giving  the 
exact  weight  of  the  car  used  to  make  this  test  and  admit 
that  the  test  was  made  on  a  perfectly  new  asphalt  pave- 
ment— when  it  was  hard,  as  in  cold  weather — which  had 
never  much  heavy  traffic  and  which  was  not  wet  at  the 
time  the  test  was  made,  and  that  the  comparison  was 
made  with  a  cement  grouted  pavement  which  was  not  yet 
worn  down  to  the  normal  smooth  surface  which  comes 
only  after  months  of  traffic  have  been  over  it. 

This  test,  made  with  a  6  to  8-ton  load  on  a  6  to  8-ton 
truck  on  a  warm  or  slippery  day  when  the  asphalt  was 
soft  or  slippery  would  show  a  very  marked  difference 
from  your  figures;  to  say  nothing  of  the  fact  that  asphalt 


which  will  stand  heavy  and  continuous  traffic  is  quite  ex- 
pensive initially  and  very  expensive  to  maintain. 

It  is  not  our  desire  to  criticise  statements  made  in  tech- 
nical publications,  but  there  are  now  so  many  engineers 
in  the  large  cities  of  the  United  States  who  are  convinced 
from  their  own  records  and  personal  experience  that 
granite  block  pavements  should  not  only  be  tolerated  but 
laid  extensively  on  their  main  arteries  in  their  cities, 
that  we  feel  compelled  to  reply  to  such  an  editorial  as  the 
one  to  which  we  have  referred. 

As  we  know  the  Engineering  &  Contracting  magazine 
always  opens  its  columns  to  a  correction  of  any  statement 
it  makes  which  may  seem  to  unintentionally  harm  a  good 
material,  w-e  thank  you  in  advance  for  your  courtesy  in 
giving  this  letter  publicity  in  your  columns. 
Very  truly  yours, 

ZENAS  W.  CARTER, 

Field  Secretary, 
Granite  Paving  Block  Manufacturers'   Association 
of  the  U.  S. 
Oct.  25,  1916.         Boston,  Mass. 


"WHAT  IS  A  COLLEGE  FOR?' 


To  the  Editor:  This  is  the  title  of  an  editorial  in  En- 
gineering &  Contracting  of  Sept.  20.  1916,  reprinted  from 
the  Nov.  10,  1909,  issue  of  the  same  publication.  The 
writer  would  respectfully  submit  another  question  which 
may  perhaps  be  considered  in  some  degree  related  to  the 
above.     What  is  life  for? 

Will  not  the  answer  to  the  former  depend  in  some  meas- 
ure on  the  attitude  toward  the  latter?  If  the  person  ask- 
ing himself  the  latter  question  answers  that  it  is  to  enable 
him  to  make  the  most  money  possible  in  his  life  time,  or 
that  it  is  to  afford  him  the  opportunity  to  attain  the  most 
prominent  and  influential  position  possible  to  him,  or  that 
life  is  something  he  is  to  get  the  most  possible  out  of,  then 
his  motive  in  life  is  entirely  a  selfish  one  and  he  should  of 
course  recognize  that  in  discussing  the  former  question. 

If  the  purpose  in  life  is  to  do  the  most  we  can  toward 
making  this  world  a  comfortable  and  pleasant  place  to 
live  in,  for  others  as  well  as  ourselves,  then  the  college 
should  be  one  of  the  chief  agencies  for  promoting  this 
end. 

The  engineering  profession  in  general  is  engaged  prac- 
tically all  the  time  (barring  its  military  activities)  on 
work  that  is  in  accord  with  this  latter  purpose.  Then 
why  should  not  engineers  be  ready  to  recognize  this  pur- 
pose as  applicable  individually  as  well  as  collectively? 

The  editorial  referred  to  quotes  from  President  Wilson, 
then  of  Princeton  University,  in  part  as  follows:  "The 
modern  world  needs  more  tools  than  managers,  more  work- 
men than  master  workmen.  It  (the  college)  is  for  the 
training  of  men  who  are  to  rise  above  the  ranks."  The 
editor  sufficiently  comments  on  and  criticises  the  attitude 
of  President  Wilson  (shown  in  other  quotations)  indicat- 
ing that  engineering  schools  were  for  training  "workmen" 
and  real  colleges  for  training  the  "master  workmen."  The 
writer  would  venture  the  criticism  of  the  attitude  evident 
in  the  above  quotations,  an  attitude  not  peculiar  to  the 
man  quoted  but  all  too  common,  as  the  writer  thinks,  in 
modern  life  in  general.  It  is  this,  the  evident  habit  of 
men  at  the  head  of  affairs  to  look  down  on  ordinary  people 
as  merely  "workmen"  or  people  in  the  "ranks,"  notwith- 
standing the  fact  that  many  of  these  same  officials  spent 
most  of  their  lives  in  those  same  ranks  and  were  no  more 
respectable  or  respected  than  thousands  who  are  now  in 
the  ranks. 

The  time  was  when  it  was  not  difficult  to  find  a  mechanic 
in  almost  any  trade  who  was  a  real  "master  workman" 
even  while  doing  the  work,  not  bossing  it.  Those  men 
were  proud  of  their  work  and  recognized  its  importance  as 
a  part  or  a  general  scheme.  The  selfishness  of  large  em- 
ployers forced  workmen  to  combine  into  labor  unions  and 
fight  for  their  rights  thus  rapidly  developing  their  selfish- 
ness to  such  an  extent  that  they  often  entirely  ignore  the 
rights  of  the  neutral  "general  public,"  as  do  often  their 
employers.    One  result  of  this  has  been  to  discourage  the 
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development  of  the  kind  of  master  workmen  above  re- 
ferred to,  since  a  very  poor  workman  by  joining  the  union 
and  paying  his  dues  regularly  can  receive  the  standard 
wages.  Why  need  he  (from  the  selfish  viewpoint)  strive 
to  become  an  expert  workman,  unless  it  be  to  work  for 
promotion  out  of  the  ranks,  which  rise  will  in  a  measure 
remove  him  from  disgrace,  in  the  eyes  of  his  "superiors"? 
For  the  majority,  who  have  sense  enough  to  see  that  all 
of  them  can  not  become  foremen,  superintendents,  man- 
agers or  presidents,  the  selfish  motive  will  either  keep 
them  from  "overexerting"  themselves  to  improve  or  else 
make  them  dissatisfied  pessimists  when  they  fail  to  get 
the  desired  promotion. 

To  return  to  the  question  of  college  education  and  espe- 
cially engineering  college  education,  why  should  we  have 
as  our  principal  aim  the  education  and  development  of 
men  for  the  high  official  positions  when  at  the  rate  grad- 
uates are  being  turned  out  not  over  10  or  20  per  cent  of 
them  can  possibly  ever  occupy  such  "exalted"  positions? 
It  is  a  fine  thing  for  an  institution  to  be  able  to  point  to 
numbers  of  its  alumni  who  have  attained  high  rank  in  the 
world  of  affairs  and  especially  in  their  chosen  profession. 
But  should  that  same  institution  be  ashamed  to  mention 
that  much  larger  number  of  its  alumni  who  are  doing 
good  respectable  and  important  work  in  the  world,  but 
who  are  not  and  never  will  be  widely  known?  Should 
they  be  treated  even  b.v  the  slightest  implication  as  fail- 
ures or  as  mere  workmen  but  not  master  workmen? 

If  engineers  are  not  considered  first-class  high-grade 
engineers  until  they  have  become  chief  engineers,  con- 
sulting engineers  or  superintending  or  managing  officials 
of  some  type,  then  the  actual  engineering  work  is  being 
done  by  poor  or  inexperienced  engineers,  for  we  all  know 
that  the  above  mentioned  officials  do  very  little  of  the 
actual  responsible  detail  work.  If  the  engineers  actually 
doing  the  work  are  competent  then  let  us  give  them  the 
credit  due  master  workmen  (and  incidentally  the  salaries 
due  such).  Is  it  not  then  proper  to  try  and  teach  or  at 
least  try  and  start  engineering  students  on  the  road  to 
become  good  efficient  working  engineers  with  the  idea  that 
if  they  are  such  they  are  eminently  successful  whether 
they  are  ever  promoted  to  positions  of  great  prominence 
or  not?  Will  this  not  conduce  toward  making  them  con- 
tented and  happy  as  well  as  useful  citizens? 

The  writer  would  not  detract  at  all  from  the  honor  of 
the  official  positions  often  carrying  great  responsibility 
and  presenting  difficult  problems  for  solution,  but  he 
thinks  the  importance  of  the  more  subordinate  positions 
is  not  sufficiently  emphasized.  It  is  all  very  well  to  say 
that  it  is  easy  to  hire  all  the  engineers  or  others  required 
to  do  any  piece  of  work,  but  that  good  leaders  are  hard 
to  get.  Nevertheless  is  it  not  generally  true  that  when 
vacancies  occur  in  official  positions  they  are  quite  readily 
filled  and  that  often  the  new  incumbent  proves  more  com- 
petent in  some  respects  than  the  former  one? 

The  writer  thoroughly  believes  in  not  only  an  engineer- 
ing education  but  an  engineering  experience  as  a  pre- 
requisite for  a  position  of  management  or  administration 
over  any  industry  or  organization  that  involves  large 
amounts  of  engineering  work.  The  engineer  official  is 
better  able  to  appreciate  the  difficulties  and  fine  points  of 
the  work  of  his  subordinates  in  their  detail  engineering 
work  and  by  fair  treatment  should  receive  better  co-oper- 
ation from  them  than  non-engineering  officials  are  apt  to 
receive. 

Much  criticism  is  aimed  at  engineering  education  and 
its  failures  to  properly  educate  engineers  but  little  in  the 
way  of  concrete  suggestions  of  a  practical  workable  na- 
ture is  offered.  Too  many  seem  to  look  at  the  question 
from  the  viewpoint  of  the  prominent  engineer  of  20  or  30 
years'  experience,  apparently  forgetting  all  about  those 
years  of  experience  and  the  many  things  learned  there 
far  better  than  they  could  have  been  learned  in  college, 
or  else  they  feel  a  lack  of  something  and  blame  the  college 
when  perhaps  they  might  have  supplied  the  want  by 
broadening  out  a  little  during  those  years  of  acquiring 
practical  experience.  Nearly  all  young  engineers  must 
pass  through  years  of  practical  work  before  reaching  the 
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official  positions,  if  they  ever  do  reach  them,  so  it  might 
seem  reasonable  to  assume  that  the  college's  principal 
duty  is  to  try  and  prepare  them  to  enter  properly  upon 
those  first  years,  with  ideals  that  will  stay  by  them  and 
enable  them  to  become  and  continue  useful  and  contented 
citizens  whether  they  reach  exalted  positions  or  never 
earn  more  than  moderate  salaries. 

As  to  the  subjects  to  be  studied  in  an  engineering 
course,  the  writer  after  16  years  of  varied  practical  engi- 
neering experience  and  9  years  of  teaching  is  of  the  opin- 
ion that  few  of  the  subjects  commonly  included  in  courses 
as  now  given  should  be  cut  out.  Modern  tendencies  seem 
to  be  demanding  more  attention  to  such  subjects  as  eco- 
nomics, accounting,  efficiency,  language,  etc.  But  if  very 
much  time  is  given  to  these  and  other  non-engineering 
subjects  it  means  either  cutting  out  some  important  engi- 
neering subjects  or  lengthening  the  college  courses.  It 
may  be  that  very  soon  a  majority  of  the  larger  universities 
will  offer  5  and  6-year  engineering  courses  as  a  few  are 
now  doing,  but  there  will  doubtless  remain  a  demand  for 
the  4-year  courses  also  as  many  will  not  think  they  can 
aflford  the  time  and  money  necessary  for  the  longer 
courses.  It  is  a  well  recognized  fact  that  a  majority  of 
engineers  are  unable  to  talk  well  in  public  and  this  prob- 
ably more  than  any  other  one  thing  is  responsible  for  the 
lack  of  engineers  in  public  life.  This  could  be  remedied 
to  some  extent  by  requiring  those  taking  5  or  6-year 
courses  to  devote  considerable  time  to  public  speaking, 
and  debating,  but  there  is  scant  room  for  effective  work 
in  that  line  in  the  ordinary  4-year  engineering  courses  as 
now  given.  A  young  engineer  graduated  with  fair  ability 
in  public  speaking  will,  however,  need  to  force  himself 
to  improve  opportunities  for  continued  practice  if  he 
wishes  to  retain  the  feeling  of  ease  before  audiences. 
Most  lawyers,  except  office  men,  are  compelled  to  talk,  in 
practicing  their  profession,  so  they  are  usually  more  nu- 
merous in  our  national  legislative  bodies  than  the  mem- 
bers of  any  other  two  callings,  and  are  also  very  numerous 
in  our  state  legislatures.  The  writer  was  recently  in- 
formed that  not  a  single  member  of  the  present  congress 
was  or  ever  had  been  a  real  engineer  and  that  not  over 
two  or  three  ever  worked  with  engineers  to  amount  to 
anything.  It  is  perfectly  natural  that  lawyers,  working 
from  the  selfish  point  of  view,  enact  a  multiplicity  of  laws 
of  such  a  nature  as  to  make  more  work  for  lawyers.  It  is 
equally  true  that  if  engineers  had  the  chance  they  could 
improve  on  many  of  the  laws  enacted  and  would  often  do 
so  even  were  they  actuated  only  by  selfish  motives,  for 
most  of  them  have  a  pride  in  engineering  work  efficiently 
and  well  done  and  a  considerable  portion  of  the  public 
funds  is  spent  on  engineering  work. 

Ertgineers  to  be  of  the  greatest  possible  use  to  the  com- 
munities in  which  they  live  and  to  the  country  at  large, 
should  keep  in  touch  with  the  public  questions  of  the  day 
and  not  be  so  wrapt  up  in  technical  things  that  they  are 
not  even  intelligent  voters.  If  keeping  in  touch  with  the 
times  results  in  their  promotion  professionally  or  their 
entrance  into  public  life,  well  and  good,  but  if  not  they 
are  at  any  rate  better  citizens  especially  if  actuated  by 
unselfish  motives. 

These  are  some  of  the  things  students  can  be  informed 
of,  but  when  they  graduate  from  a  4  or  5  or  a  6-year  engi- 
neering course  they  are  not  engineers  and  neither  is  their 
education  completed.  It  is  merely  begun.  If  they  do  not 
read  and  think  technically  they  will  not  develop  in  engi- 
neering as  they  might.  If  they  do  not  read  and  think  on 
civic  matters  they  will  be  very  indifferent  citizens. 

The  editor  advocates  specializing  in  college  to  develop 
"breadth  of  brain  by  narrowing  the  field  of  study,"  also 
claiming  that  it  holds  the  interest  of  the  student.  There 
is  no  doubt  that  the  average  student  who  completes  a  4- 
year  engineering  course  works  harder  than  the  average 
student  who  takes  an  ordinary  liberal  college  course,  if 
the  latter  has  no  definite  aim  other  than  athletics  or  just 
to  be  able  to  say  he  has  been  through  college. 

But  the  fact  is  that  many  of  our  very  best  and  hardest 
working  engineering  students  are  recognizing  that  they 
need  more  of  the  broadening  and  "liberal"  courses   (not 
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snap  courses)  than  are  required  of  them  for  graduation. 
The  writer  does  not  believe  the  4-year  engineering  courses 
as  generally  now  given  are  specializing  too  much;  he  does 
not  believe  in  very  high  specialization  until  some  practical 
experience  has  been  gained,  and  thinks  that  more  benefit 
will  generally  result  in  the  long  run  if  the  extra  subjects 
taken  in  a  5-year  course  are  of  the  type  before  mentioned, 
non-engineering,  than  if  the  fifth  year  is  put  in  as  a  post 
graduate  year  specializing  along  the  same  line  as  the 
undergraduate  course  taken. 

No  doubt  many  people  honestly  believe  that  a  selfish 
motive,  "looking  out  for  No.  1,"  is  the  only  motive  that 
it  is  possible  for  an  ordinary  individual  to  live  by  and  at- 
tain what  is  commonly  known  as  success.  It  is  of  course 
necessary,  under  the  present  organization  of  society,  for 
all  who  have  others  dependent  on  them  to  pay  consider- 
able attention  to  finances  in  order  to  "keep  the  wolf  from 
the  door."  Society  has  not  advanced  very  far  beyond  the 
jungle,  however,  if  it  is  still  necessary  to  cause  the  down- 
fall of  some  in  order  that  others  may  succeed.  May  it 
not  be  in  accordance  with  the  laws  of  social  evolution  that 
we,  collectively  and  individually,  are  under  obligation  to 
help  make  our  neighbors  fit  to  survive  along  with  us  in- 
stead of  merely  striving  to  beat  them  in  the  race?  It  has 
been  pretty  well  proven  in  commercial  life  that  combina- 
tion and  co-operation  tend  toward  efficiency,  for  the  people 
who  combine  and  co-operate. 

The  problem  of  keeping  employed  is  a  real  problem  for 
many  people,  for  example,  civil  engineers  and  others  en- 
gaged on  large  constructive  work.  When  such  work  is 
completed  many  are  thrown  out  of  employment  unless 
"times  are  good"  and  they  have  succeeded  in  shifting  to 
other  work  as  the  force  was  reduced. 

Some  may  say  that  if  they  have  shown  theniselves  com- 
petent they  will  have  no  trouble  in  securing  other  work, 
but  such  people  are  not  very  well  acquainted  with  the 
actual  conditions  on  public  works  and  other  large  con- 
struction as  carried  on  in  relative  dull  times.  How  about 
the  hosts  of  unskilled  labor  turned  loose  at  such  times? 
Another  case  somewhat  similar  but  often  more  distressing 
is  that  of  people  who  have  been  long  employed  in  some 
industry  and  are  turned  out  for  efficiency's  sake  because 
of  age  or  because  some  improvement  in  machinery  or 
methods  of  operation  makes  fewer  employes  necessary. 

Since  unemployed  people  generally  continue  to  live 
along  with  the  rest  of  us  many  of  them  become  burdens  on 
others  and  often  on  society  in  general. 

Then  from  the  standpoint  of  social  efficiency  why  should 
not  society,  or  the  government  make  it  a  business  to  see 
that  all  who  are  able  to  work  are  provided  with  work  they 
are  fitted  to  do?  Some  start  is  being  made  in  the  line  of 
federal  government  employment  agencies,  but  we  are  still 
far  behind  the  times  in  this  line. 

The  welfare  and  safety  first  work  being  done  by  many 
large  corporations  and  others  gives  evidence  that  the 
spirit  of  altruism  is  on  the  increase. 

What  has  all  this  to  do  with  the  subject  under  discus- 
sion? It  seems  to  the  writer  that  in  general  the  attention 
that  has  been  given  in  engineering  education  to  technical 
and  non-technical  subjects  has  generally  laid  stress  only 
on  the  selfish  "look  out  for  number  one"  point  of  view 
and  that  much  more  emphasis  should  be  laid  on  the  altru- 
istic point  of  view. 

H.  P.  Boardman, 
Professor  of  Civil  Engineering, 
University  of  Nevada,  Reno,  Nev. 


Investigations  conducted  by  the  College  of  Forestry  of 
the  University  of  Washington  show  that  a  cord  of  full 
length  wood  when  sawed  into  short  lengths  and  repiled 
in  the  ordinary  stack  shrinks  on  an  average  24.76  per 
cent.  For  close  piling  in  which  all  the  sticks  are  care- 
fully fitted  together  the  shrinkage  is  13.28  per  cent.  It 
also  was  found  that  a  wagon  box  is  a  more  invariable 
standard  of  measurement.  Short  wood  was  thrown  hap- 
hazardly into  a  box  and  leveled  off  with  the  tops  of  the 
sides.  Several  trials  showed  less  per  cent  of  variation 
than  did  either  the  loose  or  the  tight  piling  methods. 


ENGINEERING 
AND      CONTRACTING 

NEW  TRAFFIC  CODE  OF  COLUMBUS,  O. 

The  council  of  Columbus,  O.,  a  city  of  some  200,000 
population,  has  adopted  a  new  traffic  ordinance,  contain- 
ing a  number  of  interesting  requirements.  The  code  be- 
comes effective  on  Nov.  9.  Its  more  important  features 
are  as  follows: 

In  the  congested  district  pedestrians  must  cross  the 
street  at  right  angles  and  at  intersections  only. 

In  boarding  or  alighting  from  a  street  car,  pedestrians 
shall  have  the  right  of  way  to  and  from  the  sidewalk  or 
car. 

Pedestrians  shall  keep  to  the  right  on  sidewalks. 
Pedestrians  shall  enter  and  leave  safety  zones  at  cross- 
ings only. 

Vehicles  shall  meet  and  pass  each  other  to  the  right. 
Police  patrols,  fire  department  vehicles,  ambulances,  gas 
emergency    repair   and   street   railway   emergency   repair 
vehicles,  in  responding  to  emergency  calls,  shall  have  the 
right  of  way. 

Electric  and  other  slow-moving  vehicles  shall  keep  as 
close  as  possible  to  the  curb  on  the  right. 

Ambulances  shall  not  be  permitted  to  exceed  the  speed 
limit. 

At  all  street  intersections  where  no  traffic  officer  is  sta- 
tioned, vehicles  and  street  cars  approaching  the  crossing 
on  the  right  shall  have  the  right  of  way. 

Headlights  shall  be  adjusted  so  that  at  a  point  50  ft.  or 
more  in  front  of  the  vehicle,  no  part  of  the  intensified  rays 
shall  be  visible  more  than  SV-  ft.  above  the  surface  of  the 
street. 

Spot  lights,  if  used,  must  be  directed  only  upon  the  road 
in  front  of  the  car,  and  at  a  distance  not  exceeding  30  ft. 
in  front  of  the  vehicle. 

It  shall  be  unlawful  to  operate  a  vehicle  with  the  muffler 
or  exhaust  open  or  with  any  device  or  attachment  to  open 
or  cut  out  such  muffler. 

No  loaded  truck  shall  be  moved  over  the  streets  of  the 
city  between  10  p.  m.  and  6  a.  m.  to  the  annoyance  or  dis- 
turbance of  citizens,  unless  special  permit  is  obtained 
from  safety  director. 

No  vehicle  shall  stop  on  any  street  in  the  congested 
district  except  in  such  position  that  all  parts  of  the  vehicle 
shall  be  within  7  ft.  of  the  curb. 

All  5-ton  and  over  motor  trucks  shall  have  their  motors 
equipped  with  governors  so  that  the  truck  cannot  exceed 
a  speed  of  eight  miles  an  hour. 

No  heavily-loaded  vehicle  shall  use  the  driveways  in  the 
parks  of  the  city  without  permit. 

No  load  in  excess  of  12  tons  in  weight,  including  weight 
of  the  vehicle,  shall  be  driven  over  the  streets. 

It  shall  be  unlawful  to  obstruct  fire  hydrants.  Vehicles 
shall  not  stand  within  10  ft.  of  either  side  of  a  fire  hydrant 
or  fire  cistern. 

No  vehicle  shall  be  left  standing  within  10  ft.  of  either 
side  of  the  main  entrance  of  any  theater  or  public  build- 
ings during  any  meeting. 

Any  vehicle  standing  at  the  curb  in  the  congested  dis- 
trict-^between  Mound  street  and  Buttles  avenue  and  be- 
tween Fourth  and  Front  and  Park  streets— between  the 
hours  of  8  a.  m.  and  6  p.  m.  shall  be  moved  away  from 
the  curb  at  the  direction  of  a  police  officer  or  the  request 
of  the  owner  or  agent  of  abutting  property. 

No  vehicle  shall  stand  at  the  curb  on  High  St.,  between 
Mound  St.  and  Buttles  Ave.,  between  8  a.  m.  and  6  p.  m. 
for  a  longer  period  than  30  minutes  in  any  one  square 
or  ih  the  same  square  within  the  following  hour. 

No  motor  vehicle  shall  be  operated  upon  or  over  the 
streets  of  the  city  by  any  person  under  16  years  of  age. 
No  person  shall  ride  upon  any  vehicle  without  the  con- 
sent of  the  driver. 

Street  cars  shall  stop  on  one  side  of  intersecting  streets 
at  the  lot  line. 

No  person  shall  convey  a  child  less  than  six  years  ot 
age  on  any  bicycle  or  motorcycle. 

It  shall  be  unlawful  for  any  person  to  operate  a  vehicle 
of  any  kind  on  the  streets  of  the  city  while  in  a  state  of 
intoxication. 
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Traffic  officers  may  stop  vehicles  for  the  purpose  of 
ascertaining  the  name  of  the  owner  or  the  driver,  but  is 
prohibited  from  using  loud,  profane,  abusive  or  insulting 
language. 

The  general  penalties  provided  for  violation  of  the 
ordinance  are  a  fine  of  not  less  than  $5  nor  more  than  |25, 
and  for  a  second  offense  a  fine  of  not  less  than  $10  nor 
more  than  $50,  or  imprisonment  in  the  workhouse  not 
more  than  six  months,  or  both. 


for  or  against  this  method  of  construction  or  the  mate- 
rials used.  As  a  matter  of  fact,  there  was  no  opportunity 
to  select  any  particular  roads,  the  only  figures  obtainable 
being  those  here  presented. 


WHAT   ARE   THE    ROAD-MAINTENANCE    COSTS 
IN  NEW  YORK? 

Contributed  by  Daniel  T.    Pierce,    Philadelphia.   Pa. 

The  actual  costs  of  road  maintenance  on  New  York 
State's  bituminous  highways  have  never  been  clearly 
stated.  We  have  had,  it  is  true,  some  extravagant  guesses 
on  the  part  of  a  former  governor  of  the  state,  and  an- 
nually there  is  given  out  a  summary  that  combines  all 
asphaltic  and  bituminous  roads  and  gives  a  lump-sum 
statement  as  to  what  they  have  cost.  But  as  to  particu- 
lar roads  and  the  way  in  which  the  money  is  spent  on 
them  is  accounted  for,  no  facts  have  up  to  this  time  been 
obtainable.  For  these  reasons  the  figures  presented 
herewith  are  of  exceptional  interest. 

It  appears  that  under  the  system  followed  in  New  York 
the  cost  of  maintenance  is  distributed  under  the  follow- 
ing headings:  Improvements,  Resurfacing,  Engineering 
and  Inspection,  Ordinary  Repairs  to  Road  Surfaces 
(which  is  divided  to  show  the  cost  of  labor  and  material 
separately),  Cleaning  Macadam,  Trimming  Shoulders  and 
Cleaning  Tops,  Oil  (which  is  divided  into  the  cost  of  the 
oil,  sweeping,  applying  and  covering  and  material  for 
coverings),  Guard  Rail,  Concrete,  Tools  and  Plant,  Pa- 
trol, F]xtraordinary  Repairs  and  Miscellaneous. 

In  the  figures  herewith,  showing  the  cost  of  mainte- 
nance per  mile  per  year  on  24  roads,  the  items  charged 
to  engineering  and  inspection  have  been  eliminated  in 
arriving  at  the  figure  showing  the  cost  per  mile  per  year. 
One  reason  for  excluding  the  charges  for  engineering 
and  inspection  is  that  the  latter  items  do  not  cover  labor 
and  materials  actually  required  to  keep  the  road  surface 
in  repa'r.  A  further  reason  is  that  there  appears  to  be 
no  relation  between  the  cost  of  engineering  and  inspec- 
tion and  the  amount  of  money  laid  out  for  repairs  and 
materials.  For  example,  road  No.  646,  built  in  1910,  has 
never  been  resurfaced,  and  yet  we  find  that  the  charge 
against  this  road  for  engineering  and  inspection  amounts 
to  $620.35.  In  the  case  of  road  No.  686,  where  only  $32 
was  spent  for  resurfacing,  $631.39  was  charged  up  for 
engineering  and  inspection.  On  the  other  hand,  the  rec- 
ords show  a  number  of  cases  where  large  sums  were 
spent  for  resurfacing  and  little  or  nothing  for  engineer- 
ing and  inspection. 

Study  of  the  New  York  maintenance  sheets  would  in- 
dicate that  the  engineering  and  inspection  charges  were 
arbitrarily  assessed  against  roads  on  which  the  labor 
and  material  outlay  was  negligible.  Road  No.  350  cost 
$3,651.92  for  resurfacing  in  1914.  About  $2,500  was  also 
spent  for  oil  used  on  the  same  road,  and  yet  the  engineer- 
ing and  inspection  charge  is  $768,  or  about  the  same 
as  is  charged  against  roads  on  account  of  which  little 
or  nothing  was  spent  for  labor  and  materials;  and  in  the 
case  just  referred  to  the  larger  part  of  the  engineering 
and  inspection  charge — namely  $596.17 — appears  under 
date  of  1912,  or  two  years  before  the  large  amounts  were 
spent  in  resurfacing  and  for  labor  and  materials. 

Another  example  that  may  be  cited  is  road  No.  5047, 
which  cost  $2,106  for  resurfacing  in  1914,  but  carries  an 
engineering  and  inspection  charge  of  only  $217.83  for  the 
five  years  it  has  been  under  maintenance.  Road  No.  719 
has  never  been  resurfaced,  is  nearly  three  times  as  long 
as  Road  5047  and  shows  a  much  lower  cost  of  mainte- 
nance per  mile,  yet  it  carries  an  engineering  and  inspec- 
tion (Charge  of  $1,072.40. 

All  of  the  roads  on  which  maintenance  costs  are  here 
presented  were  constructed  by  the  penetration  method. 
They  were  not  selected  with  a  view  to  proving  anything 


COST  OF  II.VINTENANCE  PER  MILE   PER  YEAR  ON 
YORK  ROADS. 
— Maintenance  Cost.   Less  Engineering,    on   12  Xaw  Y''ork 
structed  with  Residual  Asphalt  Binder. 

Mainte- 


Number 

of  road. 

5047 

030 

735 

769 
5076 
5086 

690 

669 

654 

393 

350 

796 


Miles. 
1.64 
2  24 
7!90 
4.21 
5.22 
5.04 
4.25 
5.98 
5.35 
3.61 
7.26 
2.54 


Date 
accepted. 
1911 
1910 
1910 
1910 
1911 
1912 
1910 
1913 
1910 
1910 
1911 
1910 


Total  cost 

maintenance 

and  repair. 

$  5.732.99 

10,250.58 

12.908.94 

7,163.90 

5.646.06 

11.260.49 

8,583.80 

5,896.15 

8,074.40 

6.593.50 

16,335.48 

21.324.67 


nance  and 

repair,  less 

engineering. 

$  5,515.16 

9,352.48 

11,444.49 

6.471. 33 

5.091,26 

9.886.67 

7,274.87 

5,575.59 

7,319.59 

5.849.75 

15.567.31 

19,547.76 


24   NEW 
Roads  Con- 


Cost 

per  mile 

per  year. 

$671 

696 

289 

307 

244 

654 

285 

.311 

228 

324 

420 

705 


Average  jnaintenance  per  mile  per  year 

-Maintenance  Cost.   Less   Engineering,   on   12   New  York 
structed  with  Fluxed   Natural  Asphalt  Binder. 

Malnte- 


Number 

of  road. 

719 

508.-. 

5117 

415 

S47 

571 

646 

650 

6G5 

686 

5054 

877 


Miles. 
5.56 
4.52 
6.00 
3.37 
5.74 
2.61 
4.12 
5.66 
5.16 
8.72 
2.00 
.97 


Date 
accepted. 
1911 
1913 
1912 
1912 
1912 
1910 
1910 
1910 
1912 
1912 
1912 
1913 


Total  cost 
maintenance 
and  repair. 

$  6.369.37 
5,068,79 
6.328.65 
4,704.41 
6.689.44 
1. 328.54 
3.724.80 
13.260.86 
4.656.48 
2.845.74 
4.357.42 
1.076.54 


nance  and 

repair,  less 

engineering. 

i  5.296.97 

3.971.34 

5.999.26 

4.224.98 

5.717.34 

826.87 

3.104.45 

11.983.22 

4.145.07 

2.214.35 

3.608.47 

978.37 


...$428 
Roads  Con- 


Cost 

per  mile 

per  year. 

$190 

293 

250 

313 

248 

63 

124 

353 

201 

63 

377 

336 


Average  m.aintenance  per  mile  per  year $234 

Eliminating  engineering  and  inspection,  guard  rail  and 
culvert  charges;  in  other  words,  confining  the  figures 
strictly  to  those  which  relate  to  repair  and  maintenance 
of  the  road  surface  proper,  the  average  cost  per  mile  per 
year  for  the  roads  in  the  first  classification  above  is  $385, 
and  for  the  second  classification  $213. 


MOTOR    TRUCKS    ON    MASSACHUSETTS    HIGH- 
WAYS. 

The  1915  traffic  census  of  the  Massachusetts  Highway 
Commission  shows  the  rapid  increase  in  numbeV  of  motor 
trucks  using  the  highways  in  that  state.  According  to 
the  1915  report  of  the  Commission  there  were  practically 
no  motor  trucks  on  the  State  highways  in  1909.  In  1912, 
however,  there  were  ll'i;  a  day  on  the  average,  and  they 
constituted  3  per  cent  of  the  traffic. 

In  1915  the  average  number  of  motor  trucks  was  38  a 
day,  or  6  per  cent  of  the  traffic.  They  just  about  equaled 
the  light-drawn  vehicles,  of  which  there  were  39  a  day 
in  1915.  One  must  realize  that  this  38  a  day  is  the  aver- 
age number  at  all  the  192  stations  when  the  census  was 
taken. 

The  number  of  motor  trucks  on  main  roads  near  the 
cities  was,  of  course,  several  times  greater.  There  were 
over  50  a  day  on  the  average  on  the  State  highway  in 
Pittsfield,  Lenox,  West  Springfield,  Deerfield,  Hadley, 
Northampton  and  Leicester,  while  Longmeadow  had  76 
and  Chicopee  95  a  day. 

On  roads  running  out  of  Boston,  15  to  18  miles  out, 
there  were  usually  between  30  and  70  a  day.  Blackstone 
had  29,  Uxbridge  30,  Wayland  88,  Grafton  44,  Shrews- 
bury 46,  Lexington  60,  Tewksbury  41,  Andover  70,  Salis- 
bury 63,  Lynn  96,  Stoneham  52,  Salem  139.  These  roads 
fairly  represent  through,  interurban  motor  truck  traffic 
between  Boston  and  cities  like  Salem,  Lowell,  Lawrence, 
Worcester,   etc. 

There  are  certain  roads  where  much  of  the  local  traffic 
is  by  motor  trucks  carrying  ice,  coal,  hay,  express,  etc. 

In  Gloucester  there  were  143  motor  trucks  a  day,  in 
Beverly  208,  Salem  209,  Saugus  151,  Somerville  131  on 
the  road  to  Medford  and  102  on  the  road  to  Maiden,  Bos- 
ton 120,  and  Watertown  had  339. 

The  same  numbers  of  motor  trucks  are  found  south  of 
Bo.ston  on  the  main  roads.  Quincy  had  62,  Dartmouth 
130,  Bridgewater  40,  Middleborough  29,  Marion  62,  Fal- 
mouth 32,  Seekonk  70,  Harwich  48,  and  Hingham  132. 
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CANVAS  BELT   FOR  FINISHING  CONCRETE 
ROAD  REDUCES  COST. 

•'uiitriliuttcl   )iy   1>.    A.   Tliomas. 

A  considerable  saving  in  the  cost  of  finishing  a  con- 
crete road  now  being  constructed  under  the  supervision 
of  the  Michigan  State  Highway  Department  has  resulted 
from  the  use  of  a  strip  of  12-in.  canvas  belting  which  is 
drawn  back  and  forth  across  the  pavement,  thereby  pro- 
ducing a  surface  which  is  in  many  respects  superior  to 
that  obtained  by  the  old  methods  of  hand  finishing. 

In  finishing  the  pavement,  a  strip  of  3-ply,  12-in.  canvas 
belting  is  laid  transversely  across  the  pavement,  project- 
ing a  short  distance  beyond  the  forms  at  each  end  to 
enable  the  workers  to  hold  it.  After  the  surface  has  been 
struck  oft'  with  the  template,  two  laborers  located  on 
either  side  of  the  road  drag  the  belt  slowly  back  and 
forth,  gradually  working  it  forward.  It  is  only  necessary 
to  use  the  belt  a  few  minutes  at  intervals  of  20  or  30 
minutes  to  keep  pace  with  the  mi.xer.  The  men  who  work 
the  template  drop  back  and  do  this  while  the  mixer  is 
being  moved  forward.  In  this  way  three  finishers  have 
been  done  away  with  at  a  saving  of  nearly  $1  per  hour. 


Method  of  Handling  Canvas  Belt. 

The  belt  finishing  levels  all  ridges,  fills  all  hollows, 
eliminates  the  corrugated  or  wavy  surface  left  by  the 
template,  and  secures  a  most  uniform  finish  throughout. 
The  smaller  pebbles  are  worked  down  and  firmly  im- 
bedded in  place  in  the  concrete  and  a  gritty  surface  pro- 
duced without  flushing  excess  water  to  the  top  or  form- 
ing a  film  of  neat  cement  on  top.  The  uniformity  is,  how- 
ever, the  most  noticeable  result  of  the  operation. 

The  road  under  construction  is  18  ft.  wide  and  is  being 
built  according  to  the  standard  specifications  of  the  Michi- 
gan State  Highway  Department  which  eliminate  joints 
except  at  such  points  where  the  work  is  stopped  for  more 
than  30  minutes.  This  is  very  favorable  for  the  use  of 
the  belt  for  finishing  as  it  eliminates  the  frequent  use  of 
the  bridge  at  joints.  It  is  of  course  necessary  to  use  a 
split  float  at  the  joints  and  this  can  be  accomplished  satis- 
factorily only  from  a  bridge. 

By  the  omission  of  joints  some  slabs  over  150  ft.  in 
length  have  resulted.  It  is  the  belief  of  the  department 
that  if  joints  are  omitted  the  cracks  will  form  at  approxi- 
mately the  same  intervals  at  which  joints  are  customarily 
placed  and  that  such  cracks  can  then  be  maintained  in 
the  same  manner  as  joints.  The  early  maintenance  cost 
and  the  construction  costs  are  thereby  reduced  to  no  small 
extent. 

The  belt  method  of  finishing  has  but  recently  come  into 
use.  It  has  been  extensively  tried  out  in  Wayne  county, 
Michigan,  and  it  was  at  the  suggestion  of  the  Wayne 
authorities  that  the  department  adopted  it  on  the  above 
mentioned  road. 


The  14th  Annual  Convention  of  the  American  Road 
Builders'  Association  will  be  held  in  Mechanics  Building, 
Boston,  Mass.,  during  the  week  beginning  Feb.  5,  1917. 
In  connection  with  the  Convention,  and  in  the  same  build- 
ing, will  be  held  the  Eighth  National  Good  Roads  Show. 


E  N  G  I  N  !■:  E  R  1  N  G 
AND      CONTRACTING 

THE  SAND  AND  ASPHALTIC  OIL  ROADS  OF 
MASSACHUSETTS. 

The  Massachusetts  Highway  Commission  is  generally 
credited  with  being  the  first  to  experiment  in  the  con- 
struction of  roads  of  sand  mixed  with  some  bituminous 
material.  The  experiences  of  the  Commission  with  this 
type  of  highway  are  described  in  the  recently  issued 
annual  report  for  1915,  from  which  the  following  notes 
have  been  taken : 

In  1905,  the  Commission  decided  to  build  a  road  of  sand 
and  asphaltic  oil  on  Cape  Cod  in  Eastham. 

The  old  sand  road  was  graded,  and  about  'u  gal.  of 
hot  asphaltic  oil  per  square  yard  was  spread  on  it  and 
covered  with  all  the  sand  the  oil  would  absorb.  Another 
^\  gal.  of  oil  was  spread  on  top  of  this  layer,  and  this 
again  was  covered  with  sand,  and  on  this  layer  '  j  gal.  of 
oil  was  spread  and  covered  with  sand.  It  was  not  possi- 
ble with  the  crude  methods  them  employed  to  spread  the 
oil  at  all  evenly;  it  ran  into  the  ruts  made  by  the  carts 
and  into  the  16  hoof  prints  made  by  the  four  horses  that 
hauled  the  old  watering  cart  that  contained  the  heated 
oil. 

Consequently  that  year  and  the  next  the  surface  had 
to  be  broken  up,  cut  into  as  small  pieces  as  possible  with 
a  disk  harrow,  harrowed  and  mixed  with  a  tooth  harrow, 
and  then  shaped  back  and  rolled.  After  that  certain 
places  needed  more  oil  and  had  to  be  patched.  A  reason- 
ably passable  road  was  secured  in  about  two  years  at  a 
cost  of  under  25  ct.  a  square  yard  for  the  surface,  or  less 
than  $2,250  a  mile. 

This  road  is  still  in  existence.  It  has  required  more  oil 
from  time  to  time,  ruts  have  had  to  be  filled  and  bunches 
on  the  sides  cut  ofi"  by  hand  or  with  a  road  machine.  It 
has,  however,  carried  the  traffic  for  these  10  years  satis- 
factorily and  is  still  on  the  job.  The  cost  of  maintenance 
on  this  road  since  1905  has  been  on  the  average  2  ct.  a 
square  yard  a  year,  or  about  $175  a  mile  a  year. 

Since  that  road  was  built,  the  Commission  has  con- 
structed about  25  miles  of  roads  made  of  sand  and  as- 
phaltic oil  by  this  layer  method.  The  methods  used  in 
construction  have  been  much  improved. 

The  first  and  perhaps  most  important  improvement  is 
the  hardening  of  the  subgrade  before  any  oil  is  spread. 
After  the  road  is  graded  the  subgrade  is  prepared  of  the 
required  width  (now  18  ft.;  formerly  15  to  16  ft.)  and 
this  is  hardened  with  clay  or  loam  so  that  it  is  not  much 
rutted  by  the  wheels  or  pitted  by  the  horses'  hoofs  when 
the  cart  containing  the  oil  is  hauled  over  it.  The  oil  is 
immediately  covered  with  the  sand  before  any  teams  go 
over  it  and  pick  it  up.  This  makes  it  possible  to  spread 
the  oil  evenly  over  the  road  surface  before  it  is  covered 
with  sand. 

The  second  improvement  is  the  machinery  used  to 
spread  the  oil.  There  are  now  a  number  of  especially 
equipped  carts  and  trucks  made  with  nozzles  especially 
designed  to  spread  the  oil  in  a  perfectly  uniform  surface 
over  the  road. 

In  all  25V2  miles  have  been  built  by  the  Commission 
since  1905.  The  surface  of  these  roads  has  cost  from  21 
to  23  ct.  a  square  yard,  the  average  cost  being  26  ct.  a 
square  yard.  For  a  road  18  ft.  wide  this  would  be  $2,750 
a  mile,  to  which  should  be  added  the  cost  of  grading,  cul- 
verts, etc. 

On  the  roads  which  have  been  in  use  at  least  5  years, 
the  average  yearly  cost  of  maintenance  has  been  1  ct.  a 
square  yard,  or  about  $100  a  mile  a  year. 

The  Eastham  road  has  cost  about  twice  as  much  for 
maintenance  because  of  the  crude  methods  used  in  its 
construction. 

Besides  these  25  miles  of  sand  and  oil  road  built  by  the 
Commission,  there  is  on  the  Cape  probably  an  equal  mile- 
age built  by  the  towns  themselves  or  under  the  "small 
town"  act,  under  specifications  obtained  from  th»  Com- 
mission. 

In  1908  the  Commission  constructed  the  second  sec- 
tion of  sand  and  oil  road  that  was  built.     This  was  con- 
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structed  by  the  layer  method.  It  took  2  year.s  to  get  it 
into  reasonably  good  condition. 

It,  therefore,  seemeil  as  if  there  might  be  some  way 
of  using  the  same  or  better  materials  and  mixing  them 
thoroughly,  thereby  securing  a  stronger  and  better  road 
without  too  much  increase  in  the  cost. 

In  the  fall  of  1908,  therefore,  the  Commission  decided 
to  try  some  e.xperiments  with  various  bituminous  mate- 
rials mi.xed  with  hot  sand.  Eleven  sections  of  road  were 
constructed  and  a  different  bitumen  was  used  on  each. 
Two  qualities  of  tar  were  used  and  nine  different  oils  or 
asphalt  products. 

In  each  case  the  subgrade  was  carefully  prepared  of 
the  required  width,  and  the  mi.xture  was  spread  as  evenly 
as  possible  thereon  and  rolled  with  a  light  roller.  The 
mixture  was  4  in.  thick  in  the  middle  and  3  in.  thick  on 
the  sides.  The  sand  and  the  bituminous  materials  were 
first  heated,  and  then  mixed  by  hand  as  thoroughly  as 
possible,  before  being  spread  on  the  road. 

Eight  of  these  experimental  sections  practically  failed 
within  the  year.  Another  section  was  never  very  satis- 
factory, and  only  two  remained  in  good  condition  and  are 
still  in  use,  having  been  patched  from  time  to  time.  The 
only  sections  that  succeeded  were  the  ones  where  a 
heavy  oil  with  an  asphalt  base  was  used,  or  where  this  oil 
was  used  mixed  with  an  equal  quantity  of  A  asphalt. 
This  latter  section  wa.^  much  better  than  the  other  two. 

These  experiments  showed  clearly  that  it  was  possible 
to  build  a  satisfactory  road  with  sand  mixed  with  oil 
asphalt  if  the  proper  asphalt  product  was  secured  and 
used.  From  18  to  20  gal.  of  bitumen  were  used  to  the 
cubic  yard  of  sand.  The  cost  varied  from  17  to  31  ct.  a 
square  yard. 

The  success  of  the  asphaltic  oil  sections  encouraged 
the  Commission  to  go  on  with  the  work,  and  in  1909  over 
a  mile  of  road  was  built  by  the  mixing  method.  This  road 
proved  a  success,  although  the  oil  used  was  rather  light 
and  consequently  there  was  a  little  tendency  to  rut.  Also, 
this  road  was  surfaced  only  15  ft.  in  width,  with  the  re- 
sult that  vehicles  in  passing  each  other  often  turned  out 
into  the  soft  sand  shoulder  and  sheered  off  the  sides  of 
the  hardened  road  surface.  It  was  rapidly  cut  into  and 
narrowed  up,  especially  on  the  curves. 

The  second  year  it  was  all  widened  to  18  ft.,  with  a 
greater  width  on  the  curves,  and  all  the  roads  of  this 
character  that  the  Commission  is  now  building  are  18 
ft.  in  width,  with  21  ft.  on  the  curves.  The  Commission 
is  widening  the  older  roads  as  fast  as  it  can. 

The  Commission  is  now  using  an  asphaltic  product  that 
contains  more  asphalt  than  was  used  at  first.  Various 
asphalts  have  been  used,  both  residium  and  natural,  and 
on  this  mixed  work  an  oil  asphalt  is  now  used  that  tests 
80  penetration  on  a  Dow  penetrometer. 

New  mixing  machines  have  been  made,  and  their  use 
insures  a  much  more  even  mixture  of  the  sand  and  oil. 
Until  1915  the  sand  has  been  heated  on  sheets  of  iron 
with  a  fire  underneath,  or  over  the  old  boiler  plates  or 
pipes.  The  sand  had  to  be  constantly  turned  by  hand,  but 
even  then  occasionally  some  of  it  was  too  hot  and  got 
burnt,  and  some  was  not  hot  enough.  Now  several  sand 
heaters  have  been  designed  and  have  been  used  with 
good  results.  In  these  the  sand  is  kept  in  motion  all  the 
time  it  is  being  heated,  insuring  a  uniform  heating  of  the 
sand. 

It  has  been  found  advisable  to  spread  a  sealing  coat 
of  asphaltic  oil  of  a  little  lighter  quality  over  the  road 
after  it  has  been  rolled,  covering  this  with  sand.  The 
engineers  are  careful  to  secure  as  good  a  quality  of  sand 
as  possible,  and  sand  of  a  good  quality  can  usually  be 
obtained  on  Cape  Cod.  This  means  a  sharp,  strong  sand 
that  is  pretty  well  graded  in  the  bank.  These  sands  have 
been  tested  and  found  to  correspond  very  closely  with 
the  sands  used  under  the  ordinary  sheet  asphalt  speci- 
fications. 

The  quantity  of  oil  asphalt  that  is  used  has  to  be  va- 
ried a  little  according  to  the  variations  in  the  quantity  of 
voids  in  the  sand.  Eighteen  to  21  gal.  are  used  to  the 
cubic  yard  of  sand. 


The  roads  are  built  over  a  carefully  prepared  and 
hardened  base,  about  4  in.  thick  in  the  middle  and  3  in. 
on  the  sides,  18  ft.  in  width,  with  21  ft.  on  the  curves. 

Better  results  have  been  secured  by  using  a  road 
sci'aper  and  keeping  the  mixture  constantly  shaped  while 
it  is  being  rolled.  As  stated  above,  a  seal  coat  of  a  lighter 
oil  improves  the  road  surface  and  prevents  it  from  hav- 
ing occasional  potholes,  and  decreases  the  cost  of  future 
maintenance. 

The  Commission  has  constructed  over  23  miles  of  mixed 
sand  and  oil  asphalt  roads  since  the  experiments  made 
in  1908.  It  has  also  built  over  I'l;  miles  of  sand  mixed 
with  tar. 

The  cost  of  these  sand  and  oil  asphalt  roads  has  varied 
from  40  to  61  ct.  a  square  yard,  the  average  cost  being 
52  ct. 

The  average  cost  of  maintenance  per  year  on  these 
mixed  roads  th«t  have  been  in  use  5  years  has  been  1  6  10 
ct.  per  square  yard  per  year;  on  roads  that  have  been  in 
use  3  years  the  yearly  cost  of  maintenance  has  been  -'i 
of  a  cent  a  square  yard.  If  these  roads  require  a  seal 
coat  every  4  or  5  years,  as  seems  probable,  the  average 
yearly  cost  of  maintenance  will  be  about  2' 2  ct.  a  square 
yard  a  year. 

Some  sections  of  sand  and  oil  roads  have  failed,  and 
one  section  of  sand  and  tar  was  not  successful.  These 
were  roads  built  several  years  ago,  and  the  failure  wa.s 
undoubtedly  due  to  the  poor  quality  of  the  oil  asphalt  or 
tar  that  was  furnished  and  used,  because  these  com- 
paratively short  sections  have  been  rebuilt  or  repaired 
with  a  better  quality  of  oil  asphalt  and  have  proved  sat- 
isfactory. 

While  all  the  materials  used  were  tested  in  a  labora- 
tory, there  was  very  little  knowledge  a  few  years  ago  as 
to  what  qualities  were  necessary  either  in  asphaltic  oils 
or  in  tars  to  make  a  good  road.  Now  that  the  Mexican 
and  other  asphaltic  oil  fields  have  come  into  use,  it  is 
much  easier  to  secure  good  oil  asphalts  and  good  results 
than  it  was  formerly.  The  manufacturers  of  both  the 
tars  and  the  asphalts  have  also  learned  what  is  needed 
and  have  greatly  improved  their  processes  of  manufac- 
ture, and  also  have  used  greater  care  to  secure  uniform 
product. 

Sand  and  oil  asphalt  roads  can  be  used  only  when  a 
sand  of  the  right  quality  is  available,  and  under  pres- 
ent methods  can  be  used  only  where  the  traffic  is  mostly 
light  teams  and  automobiles;  they  will  not  stand  up  if 
they  are  used  by  many  heavily  loaded  teams  every  day. 

The  layer  roads  are  more  easily  rutted  by  teams  than 
are  the  mixed  roads,  for  two  reasons :  first,  one  cannot 
use  as  heavy  a  quality  of  asphaltic  oil  because  it  cannot 
be  made  to  mix  with  the  cold  sand;  second,  because  by 
the  layer  method  one  can  never  secure  as  even  a  mi.xture 
of  the  sand  and  oil  on  every  part  of  the  road. 

The  traflfic  that  has  been  carried  successfully  as  show-n 
by  the  traffic  census  taken  in  1909,  1912  and  1915  is  about 
as  follows,  the  figures  being  the  average  daily  traffic: 

Eastham.  1905  read,  layer  method:  20  heavy  teams,  17  light  teams  and 
2.',3  automobiles. 

.Sandwich,  mixed  method:  S  heavy  teams.  23  light  teams  and  502  auto- 
mobiles a  day. 

Plymouth,  mi.xed  method:  3  heavy  teams.  S  light  teams.  257  auto- 
mobiies.  (This  last  count  was  made  on  a  through  road  a  long  dis- 
tance from  any  settlement.  The  other  counts  were  near  small  vil- 
lages and  carried  local  traffic.) 

There  has  been  some  fear  that  heavy  motor  trucks  may 
injure  these  roads,  though  the  road  in  Plymouth  carried 
8  and  the  road  in  Sandwich  9  motor  trucks  a  day  on  the 
average  with  no  appreciable  damage  to  the  road. 

If  the  traffic  in  the  future  proves  to  be  too  heavy  for 
the  roads  built  by  the  methods  above  described,  the  Com- 
mission has  no  doubt  that  they  can  be  greatly  improved 
and  strengthened  at  a  moderate  increase  in  cost  by  using 
better  and  harder  asphalts  and  greater  care  in  selecting 
and  grading  the  sand,  also  in  heating  and  mixing.  The 
sands  can  be  carefully  graded,  a  portable  sheet  asphalt 
plant  can  be  used,  thus  insuring  uniform  heating  and 
mixing,  and  the  best  quality  of  asphalt  can  be  used.  By 
this  method   a  standard  sheet  asphalt  pavement  can  be 
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made  and  laid  2  in,  in  thickness,  using  the  old  sand  and 
asphaltic  oil  roads  as  a  base.  The  same  material  can  be 
used  to  resurface  the  old  water-bound  macadam  roads  in 
those  sections  of  the  State  where  sand  of  the  right  qual- 
ity is  available. 

The  Commission  has  very  little  doubt  that  such  roads 
will  satisfactorily  carry  any  traffic  that  will  go  over  them 
for  many  years  to  come. 

Up  to  the  present  time  where  the  sand  and  oil  asphalt 
roads  are  being  built,  there  is  not  enough  heavy  traffic 
to  warrant  the  additional  expense.  The  Commission  ex- 
pects, however,  to  use  this  better  material  in  resurfacing 
some  of  its  older  roads  on  the  Cape  where  there  is  heavy 
team  traffic. 

So  many  engineers  and  county  commissioners  from 
other  States  have  come  to  Massachusetts  to  see  these  sand 
and  oil  roads,  and  so  many  letters  of  inquiry  have  been 
received  asking  for  specifications  and  directions  for 
building  these  roads,  that  the  Commission  feels  that  it 
should  as  emphatically  as  possible  state  a  few  facts. 

A  good  road  cannot  be  built  by  the  use  of  any  old  oil, 
even  if  the  agent  selling  it  states  that  it  is  full  of  asphalt. 
An  oil  asphalt  of  good  quality  that  will  bind  and  not  lu- 
bricate must  be  used.  The  quality  of  the  oil  and  the 
asphalt  in  it  can  be  determined  by  using  the  standard 
tests.  Then  make  sure  that  all  the  oil  asphalt  used  comes 
up  to  the  standard. 

It  is  not  every  sand  that  can  be  used.  Many  sands  are 
too  fine,  too  uniform  in  size,  too  rounded,  and  not  strong 
enough.  The  sand  used  by  the  Commission  is  hard, 
strong  and  sharp,  and  is  found  well  graded  in  the  banks. 
The  only  way  to  insure  success  is  to  use  the  proper  ma- 
terials and  proper  methods. 

Before  any  contract  is  let  or  any  large  amount  of  work 
is  undertaken,  it  would  be  wise  to  build  some  experimen- 
tal stretches  of  road,  using  the  materials  expected  to  be 
used  in  practice.  In  warmer  climates  it  will  undoubtedly 
be  wise  to  use  harder  oil  asphalts  than  have  been  used 
in  Massachusetts. 

When  the  traffic  is  heavy  it  will  undoubtedly  be  eco- 
nomical to  grade  sands,  possibly  add  some  stone,  use  a 
percentage  of  cement  to  make  a  denser  mixture  if  the 
sand  is  not  of  good  quality,  use  a  portable  asphalt  mixer, 
and  construct  a  sheet  asphalt  road  or  a  Topeka  mix. 
Build  roads  so  wide  that  they  are  not  rapidly  destroyed 
by  teams  having  to  turn  off  the  road  and  so  shearing  off 
large  slices  on  the  sides. 

There  is  no  class  of  road  built  that  will  go  to  pieces 
any  quicker  than  roads  of  the  above  character,  if  they 
are  not  constantly  maintained.  A  pothole  in  wet  weather 
will  soon  become  as  big  as  a  bushel  basket,  and  with 
many  holes  of  this  kind  the  road  is  not  only  very  quickly 
destroj^ed  by  the  traffic,  but  it  becomes  impassable. 
Thousands  of  dollars -are  lost' every  year  because  this 
maintenance  is  neglected,  the  holes  not  being  filled. 

This  does  not  mean  a  great  expense;  the  costs  are 
given  above.  Even  when  the  greatest  care  is  used  in 
constructing  the  road,  a  few  holes  may  develop,  perhaps 
only  three  or  four  to  the  mile  the  first  year  or  two;  in- 
spect the  road,  fill  the  holes,  spend  a  few  cents  and  save 
hundreds  of  dollars. 


28-YEAR-OLD   ASPHALT-COBBLE   STONE   PAVE- 
MENT. 

About  28  years  ago  the  city  of  Columbus,  0.,  resurfaced 
three  of  its  old  cobble-stone  pavements  with  asphalt.  In 
a  paper  presented  at  the  recent  American  Society  of 
Municipal  Improvement  convention  Mr.  T.  H.  Brennan, 
superintendent  asphalt  construction,  stated  that  these 
pavements  are  still  being  mainained.  Two  of  them  should 
have  been  resurfaced  not  later  than  the  twentieth  year, 
but  the  third  (Dryden  Road,  Parsons  Ave.  to  22d  St.)  is 
still  in  fair  condition,  and  with  a  reasonable  amount  of 
maintenance  it  can  be  kept  in  repair  for  several  more 
years.  Another  old  cobble-stone  pavement  resurfaced 
15  years  ago  (Washington  Ave.,  Broad  St.  to  Town  St.) 
is  in. excellent  condition.  It  has  not  had  any  repair  and 
shows  no  signs  of  cracking  or  disintegration. 


STREET  REFUSE  CAN. 

A  special  design  of  street  re'fuse  can  proposed  for  use 
in  the  business  section  of  Dallas,-Tex.,  is  shown  in  the 
accompanying  sketch.  This  receptacle  is  to  be  used 
particularly  for  the  waste  paper,  banana  peels,  etc.,  so 
often  thrown  onto  the  sidewalkj    or  into  the  street  gjitters 


^.Hinged  Coyer 
with  open  Ends 


Strap  Iron 

'^Stiffgrter 
■Stiffener 


■■y-f '  Lower  Angle 
'•  Iron  Stiffener 


<-..  ld"—>'. 
Sectional  Elevation 


Upper  Angle  -III-''' 
Iron  Frame   I '  I 


Bag  Support 
No  Solid  bottom 


Bag  A  tf ached  with 
\Wirefo  Frame, 


Dei-aiiofA 


Bag  S  Frame  ' 

Shown  Removed  from  Receptockle 


E&C 


Details    of    Street    Refuse    Can. 

by  pedestrians.  In  a  paper  presented  before  the  American 
Society  for  Municipal  Improvements  Mr.  Charles  Saville, 
director  of  public  health,  of  Dallas,  states  that  in  lots  of 
2.5  or  more  this  can  may  be  furnished  at  a  cost  of  about 
$7.50  each. 


STANDARD  TESTS  FOR  BITUMINOUS 
MATERIALS. 

At  the  recent  convention  of  the  American  Society  of 
Municipal  Improvements  the  Committee  on  Standard  Tests 
for  Bituminous  Materials,  submitted  the  following  con- 
clusions for  the  consideration  of  the  members  of  the  so- 
ciety : 

It  is  the  judgment  of  the  committee,  based  on  present 
knowledge,  that  the  inclusion  of  the  paraffine  determina- 
tion in  paving  specifications  serve  no  useful  purpose. 

The  committee  believes  that  specifications  for  bitu- 
minous cements  tor  paving  purposes  should  cover  the  fol- 
lowing properties: 

(1)  Proper  consistency;  determined  by  penetration, 
melting  point,  float  or  viscosity  test,  or  other  test  to  be 
devised. 

(2)  Proper  binding  quality  (no  agreement  has  been 
reached  by  the  committee  as  to  tests  which  fully  deter- 
mine this  property). 

(3)  Stability,  including  retention  of  physical  and  chem- 
ical properties: 

For  asphalts,  determined  by  loss  on  heating  and  con- 
sistency of  residue,  or  other  tests  to  be  devised. 

For  tars,  determined  by  distillation  test  and  consistency 
of  residue,  or  other  tests  to  be  devised. 

The  committee  believes  that  when  the  bituminous  ce- 
ment is  combined  with  the  mineral  aggregate,  the  mixture 
should  possess  (a)  toughness;  (b)  resistance  to  abrasion; 
(c)  malleability;  (d)  stability;  and  that  tests  should  be 
devised  covering  the  measure  of  each  property. 

It  is  recognized  that  the  tests  enumerated  do  not  fully 
cover  the  properties  mentioned  above.  The  committee 
hopes  to  elaborate  existing  tests  and  devise  new  ones  and 
invites  the  co-operation  of  the  members  of  the  society  to 
that  end. 

The  committee  consists  of  the  following:  Arthur  H. 
Blanchard,  chairman.  New  York;  Prevost  Hubbard,  Wash- 
ington, D.  C. ;  Lester  Kirschbraun,  Chicago,  111.;  Felix 
Kleeberg,  New  York;  Francis  P.  Smith,  New  York. 
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METHOD  OF  PROTECTING  HIGHWAY 
EMBANKMENTS. 

In  highway  work  in  hilly  regions  it  often  happens  that 
a  culvert  is  installed  in  such  a  way  that  its  outlet  end  is 
upon  a  high  bank  or  fill.  When  no  provision  is  made  to 
guard  against  the  erosion  of  the  embankment  underneath 
the  outlet,  serious  washing  is  sure  to  ensue  and  this  may 
proceed  to  such  an  extent  as  to  practically  destroy  the 
installation.  This  is  notably  the  case  with  any  form  of 
pipe  made  up  of  a  series  of  sections  not  securely  enough 
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and  dry,  and  as  a  result  the  bond  in  the  gravel  road  sur- 
face becomes  destroyed,  making  the  material  easily  dis- 
placed and  the  finer  part  blow  away.  It  is  out  of  the 
question  to  try  and  use  water  on  these  roads  on  account 
of  expense,  and  an  asphaltic  top  or  heavy  asphaltic  oil 
top  has  not  been  very  satisfactory  on  these  gravel  road 
surfaces. 

The  method  employed  by  Mr.  J.  F.  Witt,  County  En- 
gineer, in  maintaining  these  gravel  roads  is  as  follows: 

The  crown  line  is  kept  true  by  using  road  graders  at 
the  proper  time;  that  is,  after  rains,  and  as  pot  holes  ap- 


joined  together  to  enable  the  pipe  to  maintain  itself  with 
some  of  its  joints  unsupported. 

Corrugated  pipe  is  sometimes  a  complete  remedy  for 
these  conditions,  the  very  simple  method  being  adopted  of 
having  it  extend  several  feet  beyond  the  point  where  it 
emerges  from  the  bank,  thus  depositing  the  water  at  a 
point  where  it  will  do  little  if  any  damage. 

In  some  places,  however,  the  bank  is  so  high  or  slopes 
so  gradually  that  this  device  cannot  be  effectively  em- 
ployed. The  accompanying  illustrations  show  the  meth- 
ods by  which  County  Surveyor  Arnold  of  Contra  Costa 
county,  California,  has  cared  for  such  situations  on  the 
new  concrete  highway  recently  completed  under  his 
charge  from  Berkeley  to  Walnut  Creek.  Large  numbers 
of  Armco  iron  culverts  were  employed  and  wherever  one 
protruded  on  a  fill  in  such  a  way  that  its  discharge  might 
ultimately  damage  the  embankment,  a  section  of  semi- 
circular flume  of  the  same  metal  was  attached  to  convey 
the  water  to  the  desired  point. 

Figure  1  shows  a  typical  installation  of  this  sort.  The 
flume  is  connected  to  the  culvert  with  an  iron  loop  or  ring 
tightly  cinched.  Its  edges  are  sustained  and  protected 
by  2-in.  by  6-in.  timbers.  Angle  iron  side  rails  might  be 
employed  in  the  same  way  and  perhaps  would  result  in  a 
better  appearance  in  the  long  run. 

Figure  2  shows  the  flume  so  placed  as  to  carr\-  the  water 
over  a  stone  wall  at  the  bottom  of  the  bank.  Figure  3 
illustrates  a  slightly  different  condition.  Here  the  water 
runs  along  the  road  side  until  it  is  directed  into  a  2-ft. 
length  of  corrugated  pipe  installed  in  a  concrete  wall 
from  which  it  flows  through  the  flume  section  on  a  decided 
slope  to  the  bed  of  a  nearby  water  course. 


pear  they  are  filled  up  with  gravel.  This  procedure  is  fol- 
lowed with  constant  care  for,  say,  seven  years;  the  cost 
being  about  $100  per  mile  per  year.  At  the  end  of  the 
seven-year  period  or  in  the  eighth  year,  the  road  sur- 
face should  be  smooth  and  probably  will  look  as  though 
the  surfacing  is  good  for  many  more  years.  It  is  found, 
however,  that  the  loss  of  gravel  under  traffic  and  by  be- 
ing blown  away  is  so  much  and  the  surfacing  plate  so 
thin  that  if  a  long,  cold  and  rainy  winter  should  catch 
the  road  in  this  condition,  spring  would  find  the  surface 


GRAVEL  ROAD  MAINTENANCE  IN  DALLAS 
COUNTY,  TEXAS. 

Dallas  County,  Texas,  has  about  480  miles  of  gravel 
roads.  These  roads  carry  a  large  amount  of  automobile 
traffic,  as  is  shown  by  the  fact  that  in  the  city  of  Dal- 
las, with  a  population  of  about  125,000  there  are  15,000 
automobiles.  There  is  an  abundance  of  road  gravel  in 
the  county,  but  this  is  confined  to  a  strip  5  by  10  miles, 
making  it  necessary  to  ship  the  material  to  other  parts 
of  the  county.  This  brings  the  cost  of  the  gravel  to  about 
$1.50  per  cubic  yard  in  place. 

In  North  Texas,   the  summers  are  usually  fairly  long 


Gravel    Road 


Dallas    County,    Texas. 


practically  destroyed.  In  the  8th  year,  therefore,  the  en- 
tire surface  is  gone  over  with  about  40  per  cent  of  the 
amount  of  gravel  placed  in  the  original  construction.  This 
brings  the  total  upkeep  cost  for  the  entire  8-year  period  to 
$240  per  mile  per  year  or  8  per  cent  of  the  original  cost. 
This  maintenance  cost  has  proved  ample  for  the  main 
country  roads,  except  a  few  miles  on  the  city  end  of  each 
road  where  the  traffic  is  so  heavy  as  to  run  the  cost  above 
the  figures  given.  The  county  is  trying  to  get  away  from 
this  condition  by  putting  down  hard  surfaced  roads  where 
the  traffic  is  heavy. 
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COUNTRY    ROAD    AND    HOUSE    NUMBERING 
SYSTEM. 

The  Iowa  Highway  Commission  has  developed  a  system 
for  numbering  country  roads  and  houses  in  the  state  so 
that  the  location  of  every  road  and  every  farm  residence 
will  be  instantly  recognizable  upon  hearing  the  destina- 
tion. The  arrangement  is  described  in  the  September 
Service  Bulletin  of  the  commission,  from  which  the  fol- 
lowing extracts  have  been  taken. 

Under  the  proposed  system  the  state  capitol  building  at 
Des  Moines  is  taken  as  the  base  or  central  point  of  the 
system. 

The  capitol  is  located  on  what  was,  before  being  cut 
.up  into  city  blocks,  section  3,  township  78  north,  range 
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Fig.  1 — Key  to  Road   Numbering  System. 

24  west  of  the  fifth  prime  meridian.  Using  this  as  the 
central  point,  the  sketch.  Fig.  1,  will  illustrate  the  system 
of  numbering  east,  west,  north  and  south.  The  road 
touching  the  east  side  of  this  section  would  be  East  No. 
1 ;  the  second  East  No.  2,  and  so  on  to  the  extreme  east 
border  of  the  state,  the  highest  number  probably  being 
176  in  the  extreme  point  of  Clinton  county  above  Lyons, 
Iowa.  The  road  touching  the  north  side  of  the  section 
would  be  North  No.  1;  the  second  North  No.  2,  and  so' on 
to  the  north  border  of  the  state,  which  would  be  No.  132. 
The  road  touching  the  west  side  of  the  section  would  be 
West  No.  1,  and  so  on  to  No.  154  in  the  extreme  western 
part  of  the  state.  The  road  touching  on  the  south  would 
be  South  No.  1,  the  second  South  No.  2,  and  so  continue 
to  the  extreme  southern  border,  which  would  be  No.  70. 

All  roads  would  be  numbered  with  reference  to  the 
surveyor's  section  line.  A  road  located  off  the  section  line 
any  appreciable  distance  would  be  designated  by  a  frac- 
tional number  added  to  the  number  which  designates  the 
section  line.  For  instance  a  road  approximately  on  a 
quarter-section  line  would  be  No.  24I4,  if  located,  say, 
between  lines  24  and  25;  if  on  the  half-section  line  or 
near  it  it  would  be  No.  24'/2.  Such  fractional  numbers 
could  accommodate  all  irregularly  laid  out  and  angling 
roads. 

In  carrying  out  the  system  it  would  be  necessary  to  add 
in  the  south  two-thirds  of  the  state  six  fractional  numbers 
to  indicate  regular  section  line  roads  in  order  that  all 
north-and-south  roads  may  carry  the  same  designation 
entirely  across  the  state.  This  is  made  necessary  by  the 
convergence  of  the  meridian  lines  as  they  run  toward  the 
north. 

On  only  the  north  and  central  lines  would  it  be  neces- 
sary to  add  additional  numbers  in  order  that  all  north- 
and-south  roads  may  carry  the  same  designation  from 
the  south  to  the  north  border  of  the  state.  Without  these 
fractional  numbers  it  would  become  necessary  at  some 
of  the  jogs  along  the  correction  lines  to  change  the  desig- 
nation of  a  road. 

The  system  of  house  numbering  is  indicated  by  Fig.  2. 
For  simplicity  each  farm  residence  may  be  considered  as 
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located  on  a  quarter  section.  Each  mile  of  road  has  fac- 
ing it  eight  quarter  sections — four  on  each  side  of  the 
road.  By  considering  each  quarter  section  as  having  a 
number  as  1,  3,  5,  7,  on  the  east  side  and  2  ,4,  6,  8,  on  the 
west  side,  any  farm  may  readily  be  located  by  affixing  to 
the  last  cross  road  number  the  number  indicating  the 
quarter  section  in  which  the  house  is  located.  Use  the 
odd  numbers  for  the  east  side  of  north-and-south  roads, 
and  the  north  side  of  east-and-west  roads,  and  the  even 
numbers  for  the  west  side  of  north-and-south  roads  and 
the  south  side  of  east-and-west  roads. 

As  a  typical  section  to  illustrate  the  system  use  a  sec- 
'  tion  between  roads  North  23  and  24  and  East  118  and  119, 
and  refer  to  the  chart  for  numbering  farm  houses  (Fig. 
2).  A  house  in  the  southeast  corner  or  quarter  section  is 
shown  facing  road  East  118.  This  house  is  north  of  road 
North  23.  It  is  in  quarter  section  No.  1 ;  hence  its  number 
would  be  23-1,  or  simplified  231.  The  house  on  the  same 
side  of  the  road  in  the  quarter  section  block  immediately 
north  of  quarter  section  No.  3  would  be  23-3,  or  233.  All 
these  houses  face  on  East  118,  and  they  are  all  north  of 
the  base  line  east  and  west  through  the  state  capitol  from 
which  all  numbers  are  designated.  Hence  these  house 
numbers  should  all  be  designated  as  north,  or  231  North 
and  234  North.  The  complete  designation  would  be  231 
North  on  East  118;  dropping  the  preposition  233  North, 
East  118;  234  North,  East  118.  Were  this  section  between 
roads  South  23  and  24  instead  of  between  North  23  and 
24  the  house  numbers  would  be  231  South,  East  118;  233 
South,  East  118,  and  234  South,  East  118. 
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Fig.  2 — Numbering  System  for  Farm   (Houses. 

The  house  facing  south  on  North  23  and  in  quarter 
section  No.  1  adjoins. road  East  118.  Its  number  would 
be  118-1,  or  1181,  and  being  east  of  the  north-and-south 
base  line  through  the  capitol  would  be  designated  as  east; 
hence  its  number  would  be  1181  East,  on  North  23,  or 
1181  East,  North  23. 

Where  two  or  more  houses  are  located  in  the  same  quar- 
ter section  fractional  numbers  make  the  designation  easy 
and  clear,  as  231^/2  or  233' 2  North,  East  118.  Where  frac- 
tional numbered  roads  are  designated  the  fraction  should 
be  treated  as  an  integral  number  and  all  confusion 
avoided,  as  on  West  15^.  A  house  adjoining  this  frac- 
tional numbered  road  would  be  15I2I,  ISViS,  etc.  The 
same  system  of  quarter  section  numbering  accommodates 
all  houses  located  on  irregular  or  angling  roads. 
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WHAT    CAN    BEST    BE    DONE    TO    ADVANCE    THE 
INTERESTS  OF  THE   ENGINEERING   PROFES- 
SION IN  THE  UNITED  STATES? 

A  44-page  paper  bearing  the  above  title  was  read  by 
Dr.  J.  A.  L.  Waddell  before  The  Engineers'  Society  of 
Western  Pennsylvania,  and  published  in  the  July  pro- 
ceedings of  the  society.  We  have  space  to  give  only  the 
following  bare  outline  of  this  interesting  paper.  To  quote: 

Do  not  the  preceding  facts  constitute  sufficient  evi- 
dence that  there  is  a  necessity  for  American  engineers  to 
make  a  concerted  effort  to  advance  the  interests  of  their 
profession  and  to  change  materially  those  existing  condi- 
tions which  cause  the  unsatisfactory  state  of  affairs. 
There  can  be  no  doubt  whatsoever  about  the  expedience 
of  such  concerted  action;  hence  it  will  be  well  to  sum- 
marize the  undesirable  conditons  and  the  alleged  defi- 
ciencies in  the  general  make-up  of  American  engineers. 
Those  most  commonly  recognized  or  claimed  are  the  fol- 
lowing : 

A.  The  importance  of  the  engineering  profession  is 
not  at  all  adequately  recognized  by  the  general  public. 

B.  Engineers  as  a  class  are  not  paid  enough  for  their 
services. 

C.  Engineers  are  not  sufficiently  often  appointed  to 
high  executive  positions  for  which  their  special  training 
and  knowledge  eminently  fit  them. 

D.  In  most  joint  work  where  a  lawyer  and  an  engineer 
are  employed,  the  lawyer  is  usually  given  the  leading  part 
and  the  greater  compensation,  and  the  engineer  is  forced 
to  fill  a  subordinate  position  with  small  pay. 

E.  Engineers  do  not  take  a  proper  interest  in  politics; 
and  hence  are  not  given  any  of  the  political  plums,  these 
going  generally  to  the  lawj-ers  and  the  business  men. 

F.  Engineers  are  too  modest  for  their  own  good,  hence 
their  great  works  are  comparatively  unknown  outside  of 
the  technical  world — and  often  none  too  well  within  it. 

G.  Engineers  as  a  class  are  lacking  in  the  ability  to 
speak  readily  and  convincingly  in  public,  and  hence  can- 
not influence  the  masses  or  guide  their  efforts  towards 
the  accomplishment  of  important  desiderata. 

the  accomplishment  of  important  desiderata. 

H.  Engineers  are  trained  too  closely  along  narrow 
mathematical  and  technical  lines  and  not  in  those  which 
develop  them  broadly  as  men  and  as  citizens. 

I.  Engineers,  as  a  class,  do  not  pay  sufficient  attention 
to  the  proprieties,  do  not  dress  with  sufficient  care,  do 
not  have  sufficient  dignity,  and  rather  look  down  upon  a 
man  who  concerns  himself  seriously  with  such  matters 
of  minor  importance  as  personal  appearance  and  the  gen- 
eral requirements  and  trifling  obligations  cff  society. 

J.  American  engineers,  as  a  rule,  have  not  a  thorough 
command  of  their  native  language  in  either  writing  or 
speaking,  owing  mainly  to  the  fact  that  they  have  been 
taught  to  look  upon  language-study  as  of  far  less  impor- 
tance than  mathematics  or  technics. 

K.  American  engineers,  because  of  their  narrow  train- 
ing, are  not  interesting  members  of  society,  in  that  they 
are  unable  to  converse  well  upon  general  subjects,  and 
because  they  are  not  keen  in  regard  to  any  matter  that 
lies  without  the  pale  of  their  professional  life. 

L.  There  is  a  lack  of  ambition  and  earnestness  among 
the  rank  and  file  of  the  engineering  profession,  making 
them  content  with  earning  their  comparatively  small 
monthly  wage  and  with  living  a  hum-drum  life,  and  pre- 
venting them  from  advancing  beyond  mediocrity. 

M.  There  is  as  yet  no  adequate  general  code  of  ethics 
established  for  engineers,  and  for  that  reason  the  pro- 
fession cannot  stand  as  high  in  public  estimation  as  the 
other  professions  which  have  such  established  codes. 

N.  There  is  a  lack  of  harmony  among  engineers  as  a 
body  (due  possibly  to  the  need  of  a  proper  code  of  ethics, 
but  probably  also  to  a  number  of  other  important  rea- 
sons), which  tends  to  hold  back  the  progress  of  the  pro- 
fession. 

0.  The  field  of  activity  of  the  American  engineer  is 
too  restricted — both  from  a  business  standpoint  and  geo- 
graphically. 


As  before  stated,  these  are  the  common  allegations 
made  against  engineers  and  their  vocation  by  both  its 
members  and  the  laity;  but  please  understand  clearly 
that  they  are  not  those  of  the  speaker,  for  while  he  can- 
not deny  the  existence  of  numerous  shortcomings  in  the 
engineering  profession,  he  maintains  resolutely  that  it  is 
the  grandest  and  most  worthy  profession  of  them  all,  in 
that  to  it  are  due  the  wonderful  progress  of  mankind 
which  has  characterized  modern  times,  and  all  the  com- 
forts and  conveniences  of  life  that  make  it  truly  worth 
living  instead  of  the  heavy  burden  which  it  was  often 
claimed  to  be  by  our  ancestors  of  a  few  generations  ago. 

The  correction  of  these  and  other  faults  in  the  Amer- 
ican system  of  early  education  is  a  national  matter  of 
great  importance,  and  not  one  to  be  undertaken  by  any 
single  profession,  unless  it  be  that  of  pedagogy. 

The  improvements  necessary  for  engineering  courses  in 
general  in  order  to  increase  the  efficiency  of  the  students 
as  much  as  practicable,  arranged  in  the  order  of  their 
importance,  in  the  speaker's  opinion,  are  as  follows: 

1.  Extending  the  duration  of  the  course  from  four  to 
at  least  five,  and,  preferably,  six  years;  or  else  the  estab- 
lishment of  separate  schools  for  post-graduate  engineer- 
ing work  of  all  kinds. 

2.  Arousing  the  enthusiasm  of  the  entering  freshmen 
in  respect  to  the  profession  of  engineer,  showing  them  its 
grandeur  and  its  usefulness  to  mankind. 

3.  Inculcation  of  a  love  of  study  and  work  for  their 
own  sake  and  not  mainly  because  of  the  money  that  can 
be  earned  thereby. 

4.  Instruction  as  to  how  best  to  study  so  as  to  save 
time  and  labor,  or,  in  other  words,  the  economics  of 
mental  eflfort. 

5.  A  thorough,  elaborate,  and  systematic  study  of 
sound  business-English,  extended  over  each  year  of  the 
entire  duration  of  the  course. 

6.  A  general  broadening  of  the  course  of  study  so  as 
to  include  thorough  instruction  in  such  important  lines 
as  economics,  history,  oratory  and  business. 

7.  Making  the  study  of  the  Spanish  language  obliga>- 
tory  and  that  of  any  other  foreign  modern  language  op- 
tional. 

8.  Improving  fundamentally  the  study  of  all  foreign 
languages,  so  that  upon  graduation  all  the  students  there- 
of shall  be  able  to  read,  write  and  speak  them  fluently, 
correctly  and  gracefully. 

9.  Study  of  thp  art  of  systemization  and  its  applica- 
tion to  all  lines  of  activity. 

10.  Teaching  of  ethics  for  engineers. 

11.  Accumulation  of  individual  libraries,  and  showing 
how  to  utilize  them  properly. 

12.  Establishment  of  better  opportunities  for  acquir- 
ing individual  scholastic  distinction  by  the  students. 

We  shall  now  pass  to  the  consideration  of  what  can  best 
be  done  by  young  engineers  in  order  to  advance  the  inter- 
ests of  the  profession.  The  possibilities  may  be  listed  as 
follows : 

1.  Continuing  study  after  graduation. 

2.  Buying  books  and  collecting  data. 

3.  Post-graduate  work  at  some  leading  technical  school 
and  obtaining  of  advanced  degrees. 

4.  .Joining  technical  societies. 

5.  Systemization  of  work. 

6.  Adherence  to  professional  ethics. 

7.  Setting  an  ultimate  goal  to  attain, 

8.  Writing  technical  papers  and  books. 

9.  Publicity  of  achievement. 

10.  Helpfulness  to  others. 

11.  Becoming  a  useful  citizen,  attaining  prominence 
in  the  community,  and  keeping  abreast  of  the  times. 

12.  Studying  the  science  of  business  and  salesman- 
ship. 

In  respect  to  continuing  study  after  graduation  it  may 
be  stated,  without  any  reservation  whatsoever,  that  the 
man  who  fails  to  do  so  is  the  man  who  will  not  meet  with 
any  marked  professional  success — in  fact,  he  is  not  even 
likely  to  attain  mediocrity.  One  can  seldom  do  any  piece 
of  engineering  work  in  the  best  possible  manner  without 
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first  learning  how  similar  work  has  been  done  in  the  past, 
and  to  ascertain  this  he  must  read  and  study.  One  should 
not  only  peruse  the  leading  American  engineering  papers, 
the  proceedings  of  one  or  more  technical  societies,  and  the 
principal  new  books  in  his  chosen  specialty,  but  also  he 
should  study  such  subjects  as  economics,  engineering  law, 
commerce  and  trade,  and  the  general  progress  of  science. 
If  he  has  not  already  done  so  at  school,  he  would  do  well 
to  study  the  Spanish  language,  and  in  case  that  he  has 
already"  a  command  of  it,  he  should  read  enough  Spanish 
books  and  papers  to  prevent  himself  from  becoming  rusty, 
besides  practicing  the  speaking  of  it  on  every  possible 
occasion.  It  is  an  excellent  plan  for  the  young  engineer 
to  keep  up  his  mathematics  by  reviewing  what  he  learned 
of  the  subject  in  his  college  course,  but  it  will  not  be 
worth  his  while  to  continue  it  any  farther  unless  his  work 
so  require,  because  the  mathematics  given  in  any  good 
technical  curriculum  are  generally  sufficient  for  the  needs 
of  the  practitioner. 

We  shall  now  pass  to  the  last  division  of  the  subject  of 
this  address,  viz.,  what  can  best  be  done  by  the  old,  estab- 
lished engineers  to  benefit  the  profession,  and,  as  in  the 
two  preceding  cases,  we  shall  list  the  possibilities  as  fol- 
lows, recording  them  this  time,  as  nearly  as  may  be,  in 
the  order  of  their  importance: 

1.  The  establishment  of  an  American  Academy  of  En- 
gineers. 

2.  Distinctions  and  rewards  for  effective  and  impor- 
tant services. 

3.  Acting  as  advisors  to  the  American  Government. 

4.  Aiding  to  pass  proposed  legislation  that  is  favor- 
able to  the  engineering  profession  and  to  prevent  all  that 
is  unfavorable  thereto. 

5.  E.stablishment  of  a  clearing  house  for  the  employ- 
ment of  young  engineers  as  well  as  of  older  ones  of 
minor  grade. 

6.  Improving  engineering  education. 

7.  Improving  engineering  literature. 

8.  Bringing  engineers  into  closer  touch  with  capi- 
talists. 

'  9.     Securing    for    American    engineers    important    ap- 
pointments in  foreign  countries. 

10.  Placing  road-building  under  the  control  of  engi- 
neers. 

11.  Placing  city  planning  in  the  hands  of  engineers. 

12.  Placing  municipal  management  under  the  juris- 
diction of  engineers. 
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the  line  in  New  Hampshire  and  Vermont.  This  clearly 
indicates  to  the  tourist  that  the  routes  are  identical  and 
what  color  he  should  follow  to  continue  on  the  route. 

In  a  number  of  the  larger  towns  and  cities,  it  was  pos- 
sible to  mark  a  route  that  would  keep  the  tourist  away 
from  the  congested  streets  and  the  center,  and  also  se- 
cure him  a  better  road,  less  delay,  and,  more  important, 
would  greatly  lessen  the  possibility  of  accidents. 

Red  bands  were  used  to  indicate  the  main  routes  east 
and  west.  On  a  number  of  posts  a  narrow  margin  of 
white  was  painted  above  and  below  the  color.  This  made 
the  color  much  more  conspicuous. 


COLOR    SCHEME    OF    DESIGNATING    HIGHWAY 
ROUTES. 

The  Massachusetts  Highway  Commission  has  adopted 
a  plan  of  designating  routes  by  bands  of  colors  placed  on 
posts,  poles,  etc.  It  was  decided  to  adopt  a  band  of  red 
to  mark  all  main  routes  running  east  and  west,  a  band 
of  blue  to  indicate  all  main  routes  running  north  and 
south,  and  a  band  of  yellow  to  indicate  all  secondary  or 
diagonal  routes.  Where  two  routes  crossed  each  other, 
bands  of  both  colors  were  to  be  used  on  each  post  at  the 
junction.  If  three  routes  intersected,  all  three  colors 
were  used. 

Where  two  routes  follow  the  same  road  for  a  distance, 
bands  of  both  colors  are  put  on  the  posts.  The  engineers 
were  directed  to  have  a  band  about  6  in.  in  width  painted 
on  two  or  three  posts  or  poles  on  each  side  of  each  street 
corner  or  intersection.  If  the  route  turns  a  corner,  the 
bands  show  on  the  posts  beyond  the  turning,  and  there 
are  no  bands  beyond  on  the  road  that  the  route  diverts 
from.  In  a  few  places  for  short  distances  three  routes 
will  follow  one  road. 

Where  the  Massachusetts  main  routes  connect  with 
main  routes  in  New  Hampshire  and  Vermont,  the  engi- 
neers were  directed  to  have  bands  painted  below  the 
bands  that  were  painted  on  the  posts  in  those  States, 
and  that  Massachusetts  colors  should  be  painted  on  a 
number  of  posts  beyond  the  line.  At  the  same  time  the 
Commission  painted  a  number  of  posts  in  Massachusetts 
with  bands  of  the  same  colors  that  had  been  used  over 


NEW  ROAD  SIGN  FOR  USE  ON  ILLINOIS  STATE 
AID  ROADS. 

Some  time  ago  the  Illinois  State  Highway  Commission 
announced  that  a  prize  would  be  given  for  the  best  de- 
sign submitted  for  a  road  sign  to  be  used  on  State  Aid 
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New   Sign   for  State   Aid    Roads   in    Illinois. 

roads.  The  design  awarded  the  prize  is  shown  in  the 
accompanying  illustration.  The  design  was  made  by  Mr. 
Walter  H.  Liensch,  Chief  Engineer  Universal  Concrete 
Products  Co.,  Chicago,  111. 


COLLECTING  LOOSE   PAPER  IN  BUSINESS  DIS- 
TRICT OF  SAVANNAH,  GA. 

Savannah,  Ga.,  has  a  money  making  method  of  col- 
lecting loose  paper  in  the  business  district.  The  city, 
without  cost  to  the  merchants  and  others,  places  wooden 
bo.xes  of  from  1  to  2  yd.  capacity  at  various  localities  in 
the  lanes,  of  which  there  is  a  regular  system  throughout 
perhaps  90  per  cent  of  its  area.  At  this  time  there  has 
been  placed  approximately  150  of  these  boxes,  and  the' 
result  of  this  has  been  a  marked  improvement  as  regards 
the  cleanliness  of  the  city.  These  boxes  are  emptied  daily, 
and  at  present  the  paper  collected  from  the  boxes  is  sold 
unbaled  for  $3.50  per  ton. 
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THE  SELECTION,  TRAINING  AND  CARE  OF  THE 

HORSE    FOR  STREET  CLEANING  WORK.* 

Selection   of   New    Stock. 

In  selecting  and  judging  one  must  have  a  fixed  stand- 
ard concerning  the  conformation  and  type.  A  good  judge 
can  work  with  great  rapidity  and  within  a  short  time 
note  the  important  defects  present,  and,  knowing  the 
nature  of  the  work,  render  an  immediate  opinion  as  to  the 
animal's  fitness  or  adaptability.  The  time  for  buying  may 
be  any  time  during  the  year  except  midsummer,  but  pref- 
erably in  the  first  six  months. 

The  characters  to  be  considered  in  the  standardization 
are  age,  weight,  height,  form,  quality,  substance,  con- 
dition, temperament  and  color. 

Age,  5  years;  weight,  1,550  lb.;  height,  16.2  hands. 
These  three  characters  are  approximate,  the  last  two 
combined  are  synonymous  with  size. 

Porm. — This  is  the  general  contour  of  outline  which  de- 
termines whether  the  horse  is  smoothly  turned,  angular, 
massive,  low  set,  or  rangy. 

Quality. — This  refers  to  the  character,  texture  and  fin- 
ish of  bone,  hide,  hair,  sinews,  and  general  refinement. 

Substance. — This  refers  to  the  structural  material  and 
size  of  individual  units  of  structure. 

Condition.— This  refers  to  the  health,  flesh,  fat  and 
leanness  of  the  animal. 

Temperament  and  Manners. — Refers  to  disposition  and 
intelligence. 

Color. — This  refers  to  hard  or  soft;  the  soft  being 
usually  the  mealy  bay,  the  washed-out  sorrel  or  the 
pinked-skin  grey. 

The  standard  draft  horse  should  show  a  head  of  good 
size  in  proportion;  clear-cut  features,  straight  face  and 
good  jaws;  a  broad  muzzle;  large  nostrils;  thin  lips;  eyes 
prominent,  full  and  bright;  broad,  full  forehead;  fine, 
well  set,  medium  sized  ears;  neck  long,  muscular  and  well 
crested;  good  throttle,  with  head  well  set. 

Forehand.— The  shoulders  must  be  long,  sloping, 
smooth  and  muscular;  arms,  short  and  muscular  with  el- 
bows in;  forearm,  wide  and  muscular;  knees,  straight, 
wide,  deep  and  strongly  supported;  canons,  short,  broad, 
fi.it  with  tendons  sharply  defined  and  set  well  back;  the 
fetlocks  wide,  in  proportion  and  well  supported;  pasterns, 
long,  oblique  (45  ),  strong  and  clean  cut;  forefeet,  large, 
uniform,  slope  of  wall  to  be  parallel  to  the  slope  of  past- 
ern; heels,  wide;  bars,  strong;  frogs,  large;  soles,  con- 
caved; horn,  dense,  solid  and  of  good  color. 

Body.— Withers  must  be  well  defined  but  muscular; 
the  cliest  and  breast  wide,  deep  and  well  muscled;  ribs 
deep,  well  sprung,  strong  and  set  closely;  back  must  be 
short,  straight,  strong  and  broad;  loins,  short,  broad 
and  strongly  coupled;  flanks  deep,  full,  long  and  low 
under  line. 

Hindquarters. — The  hips  must  be  wide,  the  croup  long, 
both  to  be  level  and  muscular;  tail  well  carried;  thighs 
deep  and  muscular;    stifles   broad,   thick   and   muscular; 
gaskins  wide  and  muscular.     The  hocks  should  be  wide, 
symmetrical,  deep,  clean  cut,  smooth  and  well  supported; 
the  canons  and  fetlocks  like  the  forehand;  the  pasterns 
long,  oblique   (50°),  smooth  and  strong;  the  feet  not  as 
round  as  the  front,  but  showing  the  same  characteristics. 
Way  of  Going.— The  walk  must  be  straight,  strong  and 
active,  and  the  trot  powerful,  free,  with  moderate  action. 
Soundness  and  Unsoundness,  and  Improper  Conforma- 
tion.—The  technically  sound  horse  is  the  exception,  the 
serviceably  sound  the  rule,  and  the  true  importance  of 
the  veterinarian's  counsel  is  not  only  the  mere  detection 
of  the  unsoundness,  but  the  determination   whether  the 
condition   exists   to  such   a   degree   as  to  interfere   with 
the  present  or  future  usefulness  of  the  animal. 

It  may  be  well  to  review  some  of  the  various  unsound- 
nesses, such  as  defective  vision  and  hearing,  all  abnor- 
malities of  the  head,  face,  mouth  and  jaws,  withers  and 
shoulders.  All  defects  of  knees  like  fibrous  and  bony 
deposits,  thickened  tendons,  splints,  knuckled,  ringbones, 
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sidebones,  dropped  soles,  toe  and  quarter-cracks,  con- 
tracted heels,  and  diseased  frogs  and  feet.  Abnormali- 
ties of  back  and  ribs;  old  fractures  of  hips  and  pelvis; 
spavins,  curbs,   etc. 

Improper  conformation  is  shown  in  small  eyes,  poor 
shaped  head,  thin,  short  neck,  axis  of  body  sloping  for- 
ward, high  sharp  withers,  straight  shoulders,  narrow 
chest,  shallow  lung  space,  roach-back,  sway  or  hollow- 
back,  calf-kneed,  knee-sprung,  knock-kneed,  bow-kneed, 
toed-in,  toed-out  (nigger  heels),  straight  fetlocks  and 
pasterns,  crooked  hoofs  or  feet,  and  sore  feet  standing 
too  close  or  too  wide  at  the  ground.  Barrel  tucked  up 
and  long  coupled;  poorly  developed  loins,  hips,  croup, 
stifles  or  flanks.  Sickle-hocked,  cow-hoclced,  bandy- 
legged or  wide  at  the  hocks. 

Defects  in  way  of  going  or  gait  are  forging,  interfer- 
ing, paddling,  winging,  winding,  scalping,  pounding,  roll- 
ing and   sluggish  walking. 

Intelligence  and  clever  walking  are  essential  in  horses 
used  in  the  collection  of  refuse  from  house  to  house.  A 
thorough  te.st  of  wind  is  absolutely  necessary  in  every 
horse  and  the  best  manner  in  which  to  perform  the  test 
is  to  hook  and  drive  the  horse  to  an  ash  cart  with  both 
wheels  blocked;  this  will  bring  out  any  weakness  of  wind, 
and  after  cooling  off,  any  weakness  of  limbs,  particularly 
stringhalt. 

Care  of  New  Stock. 
During  acclimatization  of  the  green  horses  consider- 
able control  over  the  various  disease  can  be  exercised  by 
having  the  animals  in  a  well  ventilated  stable  with  an 
abundance  of  sunlight.  The  importance  of  fresh,  cool, 
circulating  air  must  be  emphasized;  when  the  tempera- 
ture of  the  stable  is  almost  the  same  as  outdoors  there 
is  nothing  to  fear  from  the  so-called  draughts.  Instead 
of  closing  and  opening  the  windows  with  the  changes  in 
the  temperature,  simply  blanket  and  unblanket  the  horses. 
The  ideal  method  of  managing  a  sick  horse  suffering 
with  one  of  the  acclimating  diseases  is  to  expose  the 
animal  to  an  abundance  of  fresh  air,  even  during  a  snowy 
or  rainy  period.  The  result  will  be  gratifying  provid- 
ing the  animal  is  properly  protected  by  blankets  ,and 
bandages  on  the  legs.  Placing  the  hand  on  the  flank  un- 
derneath the  blanket  one  can  tell  when  the  horse  is  too 
warmly  clad,  the  part  being  damp  with  perspiration. 
When  the  horse  is  fevered  during  a  hot  spell,  sponging 
the  body  with  cold  water  2  to  4  hours  will  be  found  very 
beneficial. 

During  the  trial  or  breaking  in  period  it  is  well  to  have 
the  temperature  of  all  the  new  horses  taken  every  six 
hours,  morning,  noon,  evening  and  midnight,  and  a  rec- 
ord of  same  kept  for  reference.  The  normal  temperature 
of  the  horse  is  100'  F.,  pulse  36  to  40  beats  per  minute, 
and  respirations  12  to  16  per  minute. 

Some  of  the  acclimating  sicknesses  apt  to  be  found  in 
new  horses  are,  distemper,  catarrhal  fever,  strangles, 
pink-eye,  and  influenza.  Influenza  can  manifest  itself 
with  many  complications,  such  as  central  nervous  dis- 
orders, gastro-intestinal  disturbances,  the  pulmonary 
form  causing  pneumonia,  pleural-pneumonia,  endocarditis 
and  pericarditis,  and  the  rheumatic  showing  soreness  and 
swelling  in  the  various  joints. 

The  market  is  flooded  at  the  present  time  with  a  va- 
riety of  stock  vaccines,  sera,  and  sero-bacterins  for  cura- 
tive and  prophylactic  purposes,  the  value  of  which,  in 
the  above  diseases,  are  rather  doubtful.  The  best  results 
are  obtained  in  the  application  of  autogenous  or  inso- 
genous  vaccines;  that  is,  where  the  vaccines  are  made 
from  the  identical  strain  of  bacteria  that  are  the  cause 
of  the  immediate  sicknesses. 

Concerning  the  diet,  corn  on  the  cob  should  be  given 
at  different  intervals  and  rock  salt  kept  in  the  manger. 
Good  alsike  clover  hay  is  an  excellent  roughage  for  the 
green  horse.  In  the  absence  of  clover  hay,  No.  1  or  2 
timothy  can  be  given.  It  may  be  said  that  the  feeding  of 
bran  mashes  and  steamed  oats,  due  to  their  laxative 
properties,  are  contra  indicated  in  the  green  horse  owing 
to  the  tendency  of  scouring  with  or  without  fever  dur- 
ing the  period  of  acclimatization.    The  best  diet  through- 
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out  this  period  consists  of  plain  whole  oats  mixed  with  a 
certain  proportion  of  alfalfa  sweet  feed;  one  part  by 
weight  of  alfalfa  sweet  feed  to  four  parts  of  whole  oats 
if  the  proportion.  Two  pounds  of  this  mixture  is  to  be 
given  three  times  a  day,  and  a  daily  allowance  of  12  lb. 
of  hay;  these  rations  to  be  gradually  increased  as  the 
animal  is  worked.  During  fever  or  sickness  these  amounts 
above  mentioned  can  be  continued  if  the  appetite  holds 
good,  or  can  be  decreased  according  to  the  indications 
of  the  case.  But  the  feeding  of  sloppy  bran  and  steamed 
oats  is  apt  to  cause  greater  stomach  and  intestinal  de- 
rangement, and  eventually  bring  about  a  total  loss  of 
appetite.  Dry  oats  will  not  increase  the  fever  as  it  is 
commonly  thought,  but  if  given  in  graded  quantities  will 
preserve  not  only  the  appetite,  but  likewise  maintain  the 
vitality. 

It  is  alvvays  well  to  refrain  from  offering  feed  of  any 
description  for  at  least  12  hours  after  the  onset  of  the 
sickness;  this  abstinence  will  serve  in  restoring  the  lost 
appetite,  and  then  when  feed  is  offered  give  only  a  small 
quantity  at  a  time,  increasing  gradually  as  the  case  de- 
mands. 

When  watering  green  horses  in  very  cold  weather  it  is 
a  good  plan  to  have  the  chill  removed  by  the  addition  of 
hot  water.  All  sick  horses  must  be  supplied  with  indi- 
vidual pails;  the  reasons  for  this  precaution  is  obvious. 
Alfalfa  tea  is  a  good  drink  for  fevered  horses,  one  pail- 
ful of  which  is  to  be  given  every  six  hours.  This  tea  is 
made  with  ^2  lb.  of  alfalfa  hay  cut  fine  and  placed  in  a 
pail;  add  1  gal.  of  hot  water,  stir  and  permit  it  to  stand 
for  1.5  minutes  and  then  add  enough  cold  water  to  fill 
the  pail.  Prompt  attention  should  be  given  to  the  first 
sign  of  scouring  or  diarrhea  in  the  green  horse.  A  good 
agent  to  use  is  1  lb.  of  corn  starch  in  ^4  pail  of  tepid 
drinking  water,  to  be  given  every  six  hours. 

In  the  shoeing  of  green  horses  care  must  be  taken  to 
avoid  heavy  shoes  and  to  refrain  from  trimming  too  much 
horn  off  the  feet,  these  precautions  with  oil  meal  pack- 
ing to  the  front  hoofs  will  prevent  founder  developing 
from  concussion  on  the  unaccustomed  hard  and  hot  pave- 
ments of  the  city. 

Training. 

In  the  training  and  educating  of  the  horse  for  street 
cleaning  work,  it  is  necessary  that  the  animal's  environ- 
ment throughout  that  period  be  considered.  A  capable 
supervising  officer  with  equally  capable  and  courageous 
drivers  and  hostlers  who  know  when,  how  and  what  to 
do,  will  insure  perfect  results  without  accidents.  The 
fractious  animal  must  be  handled  steadily  and  with 
judgment,  avoiding  all  abuse  in  any  form,  and  in  the 
harnessing  and  hooking,  speed,  gentleness,  and  freedom 
from  noise  and  excitement  should  be  maintained  by  the 
attendants. 

The  best  vehicle  to  use  for  breaking-in  is  an  uncovered 
ash  cart  that  is  in  good  condition.  The  horse  must  be 
equipped  as  follows:  A  strong  halter  with  a  long  leader; 
a  strong  closed  bridle  furnished  with  a  four-ring  bit  and 
nose  strap,  and  a  strong  pair  of  lines.  The  collar  must  be  a 
perfect  fit,  otherwise  there  is  danger  in  souring  the  ani- 
mal's disposition  to  pull.  The  hames  and  chain  attach- 
ment must  be  strong  and  perfectly  secured.  The  saddle 
pad  is  to  be  of  proper  width  and  the  saddle  should  have 
a  strong  bellyband  and  girth;  the  breeching  must  be  in 
good  condition  and  not  fitted  too  low  or  tight. 

The  driver  takes  his  position  within  the  cai-t  and  his 
assistant  at  the  animal's  head,  having  a  firm  hold  of  the 
leader  or  halter  shank,  and  in  this  fashion  the  animal 
may  be  driven.  One  load  of  material  is  then  collected, 
the  driver  to  do  the  loading,  and  the  assistant  to  hold 
the  horse's  head.  At  the  river  dumps  in  New  York  great 
care  and  skill  is  exercised  in  gradually  acquainting  the 
animal  to  these  strange  surroundings.  One  load  a  day, 
or  approximating  one  hour  and  a  half  to  two  hours'  work 
is  all  that  the  horse  should  be  asked  to  do  during  the 
first  10  days,  after  which  time  the  work  can  be  increased 
to  half  a  day.  The  longer  the  animal  is  kept  at  half 
day  work  the  better  it  will  be  conditioned  and  fitted  for 
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real  arduous  labor.  Experience  has  shown  that  six  weeks 
at  half  time  is  sufficient. 

The  green  horse  is  very  soft  and  tends  to  perspire 
easily,  therefore  great  care  must  be  taken  to  avoid  sud- 
den chilling  and  the  usual  evil  consequences,  such  as 
founder,  pneumonia,  etc.  During  cold  weather  a  blanket 
should  be  used  when  a  stop  of  any  duration  is  made. 
When  arriving  at  the  stable  a  good  scraping  and  rubbing 
with  or  without  a  hot  bath,  and  proper  blanketing  will 
tend  to  prevent  the  above  mentioned  ailments.  At  no 
time  must  the  green  animal  be  required  to  do  any  work 
when  its  temperature  registers  101°  or  over,  or  when  the 
weather   is   very   stormy. 

The  intelligent  horse  is  a  very  apt  pupil  and  with  a 
steady,  clever  driver  it  will  finally  become  an  important 
factor  in  the  rapid  collection  of  refuse,  practically  stop- 
ping and  starting  of  its  own  accord  as  each  receptacle 
is  emptied   into  the  cart. 

Throughout  the  trial  term  the  stable  attendants  must 
keep  close  watch  for  signs  of  the  following  vices  and  de- 
facts  which  are  undesirable:  kicker,  biter,  cribber,  wind- 
sucker,  viciousness,  weaver,  pull-backer,  casting  in  stall, 
stringhalt  and  crabbedness  of  gait. 

The  presence  of  wolf  teeth  is  often  the  cause  of  shak- 
ing the  head,  refusal  to  pull  or  back,  driving  on  one  line, 
rearing  and  plunging.  These  supernumeraries  are  easily 
removed,  after  which  the  animal's  actions  rapidly  become 
normal. 

The  Season  Stock. 

Stables  must  be  well  ventilated  with  ample  sized  win- 
dows. Box  stalls  must  never  be  located  in  the  middle  of 
a  stable;  this  point  is  of  prime  importance.  One  or  more 
large,  loose  box-stalls  should  be  placed  in  the  corners  of 
the  stable  so  as  to  have  sufficient  light  and  air. 

Single  stalls  are  to  be  well  drained  and  should  be  at 
least  8  ft.  long  from  hay  rack  to  the  heel  post  and  about 
5  ft.  wide.  It  is  well  to  have  hay  racks  installed  to  pre- 
vent the  waste  of  hay  by  pawing  horses.  Flat  feed  boxes 
that  are  easily  removed  in  order  that  they  may  be  fre- 
quently cleaned  are  desirable.  In  stall  partitions  the 
planks  or  panels  must  be  horizontal,  with  a  few  inches 
of  open  space  between  each  one.  A  large  stable  should 
have  several  watering  troughs,  one  trough  to  about  every 
25  horses. 

The  forage  must  be  of  good  quality,  such  as  No.  1  or 

2  timothy  hay;  No.  3-A  clipped  oats,  weighing  at  least  36 
lbs.  to  the  bushel;  bran.  No.  1  white  flake;  straw,  No.  1 
long  rye;  a  high  grade  of  alfalfa  sweet  feed,  and  a  suffi- 
cient supply  of  salt  both  fine  and  'rock.  The  forage  al- 
lowance varies  according  to  the  seasons  of  the  year  and 
the  kind  of  work  performed.  The  daily  allowance  of  ra- 
tions in  July,  August,  September  and  October  is  21  lb. 
of  oats  with  2  lb.  of  dry  bran  mixed,  and  15  lb.  of  hay. 
During  the  other  months  of  the  year,  2  lb.  of  oats  are 
added  to  the  above  allowance,  and  in  extra  hard  or  hilly 
districts,  an  additional  3  lb.  of  hay  is  given  daily.  On 
Saturday  nights,  to  take  the  place  of  the  dry  feed,  7  to 
8  lb.  of  sloppy  bran  mash  with  the  addition  of  fine  salt 
should  be  fed  to  horses  not  working  the  following  day. 
Horses  resting  on  Sunday  are  fed  the  full  allowance  of 
hay  and  half  of  the  grain.  The  quantities  given  in  the 
daily  and  Sunday  allowance  as  mentioned  may  vary  ac- 
cording to  circumstances.  A  good  grade  of  clover  hay 
makes  an  excellent  roughage  for  horses  and  adds  very 
materially  to  the  condition  of  the  flesh  and  coat.  Corn 
may  be  substituted  for  oats  at  different  intervals  during 
the  winter  months.  Alfalfa  sweet  feed  mixed  with  the 
whole  oats  may  be  given  as  a  change  from  the  regular 
diet  any  time  during  the  year.  Crushed  oats  are  advo- 
cated by  some  horsemen  and  are  very  good  in  selected 
cases.    The  daily  allowance  of  straw  for  bedding  is  about 

3  lb.  Horses  at  night  work  are  to  be  fed  the  grain  ra- 
tion in  the  evening,  midnight  and  morning.  The  allow- 
ance of  hay  is  to  be  given  in  the  morning,  thus  practically 
inverting  the  day  feeding. 

Watering  the  horses  before  meals  and  not  less  than 
I'o  hours  after,  and  then  just  one  pailful,  will  be  con- 
ducive to  the  health  of  the  animal.     In  a  reasonable  time 
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after  the  first  post-feeding-  drink  the  animal  may  be  per- 
mitted to  gratify  its  thirst.  Water  frequently  given  dur- 
ing the  day  will  prevent  many  ills  of  the  horse.  A  bad 
practice  that  is  absolutely  unnecessarj"  and  should  be 
avoided,  owing  to  the  danger  of  causing  colics,  is  the 
watering  of  the  horse  at  night  after  the  feeding  of  hay 
and  oats,  the  watering  of  the  animal  prior  to  the  evening 
meal  being  sufficient. 

In  order  to  avoid  watering  the  horse  at  the  public 
troughs,  private  tubs  could  be  maintained  at  the  dump- 
ing points,  or  each  vehicle  be  equipped  with  a  pail. 

Grooming  must  be  well  done  and  this  refers  in  particu- 
lar to  the  street  cleaning  horse  who  is  exposed  to  all 
forms  of  dust  and  dirt.  In  winter  time  the  grooming 
can  be  followed  in  the  usua-l  manner  with  the  curry- 
comb and  brush,  extra  attention  during  snow  time  being 
given  to  the  drjing  and  rubbing  of  wet  fetlocks.  In  the 
hot  weather  it  is  very  difficult  to  groom  owing  to  the 
moist  hide  caused  by  perspiration.  This  can  be  over- 
come when  the  horse  arrives  at  the  stable  at  the  end  of 
its  day's  work,  by  washing  it  thoroughly  with  water 
heated  to  about  110  F.  This  washing  must  be  followed 
by  good  scraping  with  a  metal  scraper.  In  addition  to 
the  cleansing  effect  of  the  bath,  it  will  be  found  very 
refreshing  and  cooling  to  the  overheated  horse.  Never 
use  cold  water  for  the  bath.  Cold  water  is  used  only 
on  horses  suffering  from  heatstroke  and  then  is  applied  to 
the  head,  between  the  ears,  under  the  groin  and  into  the 
rectum.  Cold  water  on  the  body  of  an  overheated  horse 
invariably  causes  laminitis  or  founder. 

Clipping  the  horse  that  has  an  extra  heavy  coat  will 
help  keep  it  in  better  condition  and  is  also  very  good 
for  the  poor  summer  or  heat  horse,  regardless  of  how- 
fine  and  light  its  coat  may  appear.  Clipping  the  fetlocks 
should  be  prohibited,  especially  during  the  winter  and  in 
horses  working  in  land  dumps.  The  feathers  of  the  fet- 
locks serve  as  a  very  important  protection  against  the 
irritating  properties  found  in  mud.  slush,  snow,  etc. 

The  use  of  stable  blankets  helps  to  permit  suitable  ven- 
tilation of  the  stabls  in  cold  weather,  and  it  is  a  known 
fact  that  when  the  temperature  and  atmosphere  in  the 
stable  is  almost  the  same  as  that  of  out-doors,  the  horses 
therein  are  more  capable  of  performing  their  hard  work 
with  greater  vigor.  The  woolen  blanket  during  winter 
can  be  folded  and  suspended  either  on  the  manager  of 
the  cart  or  hames  of  the  collar,  and  must  be  used  when 
the  horse  stands  or  is  idle,  as  at  feeding,  delay  at  the 
dumps,  or  when  the  weather  is  extremely  cold  and  the 
collection  of  material  is  slow.  The  blanket  should  never 
be  spread  on  the  horse  while  it  is  in  active  motion.  The 
three-quarter  or  so-called  kidney  blanket  should  be  dis- 
carded owing  to  its  tendency  of  developing  weakened  con- 
ditions in  that  region. 

Good  harness  and  properly  applied  is  an  important  fac- 
tor in  the  maintenance  of  the  horse's  working  powers. 
Poor,  worn-out  and  ill-fitting  collars  are  prolific  in  the 
production  of  sore  necks  and  shoulders.  Dirty,  hard  and 
small  saddle  pads  are  the  principle  causes  of  sore  backs. 
Saddle  and  collar  galls  should  be  kept  perfectly  clean 
and  free  of  scabs.  This  precaution  with  the  avoidance 
of  the  use  of  so-called  drjing  powders  will  facilitate 
healing  and  repair.  The  use  of  powders  and  astringent 
ointments  encourages  scab  and  sitfast  formations,  thus 
interfering  with  the  proliferation  of  new  skin  cells  from 
the  healthy  periphery  of  the  sore. 

Horseshoeing  is  another  very  important  item  in  the 
horse's  upkeep.  The  regularly  worked  horse  should  be 
shod  with  new  shoes  on  the  four  feet  at  least  once  a 
month.  Horses  working  on  squeegees,  watering  carts,  and 
sweeping  machines  should  be  equipped  with  rubber  pads 
on  front  and  hind  feet.  All  horses  working  on  the  col- 
lection of  refuse  should  be  shod  with  leather  soles  or 
similar  hoof  protectors,  and  the  hoofs  packed  with  tar 
and  oakum.  These  protectors  will  materially  reduce  the 
percentage  of  injured  feet  caused  by  nails,  glass,  and  other 
foreign  objects.  Pads  on  the  front  feet  are  of  great 
value  in  prolonging  the  usefulness  of  tender  or  sore- 
footed    horses.      The    most    serviceable    shoeing    for   the 
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snow  and  slippery  period  is  pads  on  the  front  feet,  the 
tip  to  be  "roughed"  calked.  The  t*.>es  and  heels  of  the 
hind  shoes  must  be  "roughed"  calked.  None  of  the  vari- 
ous anti-slipping  devices  observed  possess  an.v  practical 
merit. 

The  following  diseases  can  be  controlled  in  a  large 
measure  by  proper  management  and  supervision:  Most 
of  the  gastro-intestinal  disorders  ^colics),  azoturia.  heat 
stroke,  cerebro-spinal  meningitis  (.so-called  forage  pois- 
oning), and  septic  poisoning,  from  nail.  calk,  and  other 
wounds. 


SOME    COSTS    OF    Fl-ISHING    AND   SCRIKRING 
PAVKD  STKKETS  .\T  ST.  PAri.  MINN. 

The  equipment  used  by  the  Bureau  oi  Sanitation  of  St. 
Paul.  Minn.,  for  Hushing  and  scrubbing  paved  streets  con- 
sists of  five  Studebaker  power  fiushers.  two  2-horse- 
drawn  Hvass  squeegees,  one  2-horse  Kindling  squeegee 
and  one  3-horse  Hvass  squeegee.  According  to  the  an- 
nual report  of  M.  N.  Goss.  Commissioner  of  Public  Works, 
the  area  of  paved  streets  fiushed  and  scrubbed  in  1915 
was  1.493.000  sq.  yd.  This  does  not  include  the  pave- 
ment laid  in  1914  or  1915  on  which  very  little  flushing 
was  done  in  1915.  The  cost  of  this  ser\ice  was  as  fol- 
lows : 

Te.uv.  hire $S.SSS 

U>-v a.5(H 

C-isvUme.  ».S*>S  sal 913 

LutTioatins  oil   i;s 

Water  vS;.14J,i50  gaL> l.iS5 

Kepiiirs    1.4S* 

»li.«SS 

Misc*Uanetnis  labor S57 

4  new  eiisines  for  flusbers L-IOO 

1  Hvass  s^iue^s** 950 

1  KinvUiiis   s\iue<?ge*   1.304 

S.WT 

Jl«.>92 

The  Street  Railway  Co.  paid  its  proportion  of  this  cost 
which  was  24.2  per  cent,  or  the  ratio  of  the  street  railway 
area  to  the  entire  area  of  streets  flushed. 

In  the  congested  business  district  bounded  by  St.  Peter 
St..  Eighth  St.  and  Third  St.  and  Broadway  all  streets 
are  flushed  everj-  night  during  the  season.  This  district 
comprises  7.12  miles  of  streets  or  an  area  of  146.400  sq. 
yd.  The  crew  consists  of  one  foreman,  three  teams  at 
60  ct.  each  per  hour  and  two  gutter  cleaners  at  25  ct. 
each  per  man.  The  cost  of  one  night's  flushing  (.S  hour 
shift"*  in  this  district  amounts  to  §27.61.  This  includes 
gasoline,  lubricating  oil  and  water,  but  not  repairs,  in- 
terest or  depreciation.  This  is  19  ct.  per  1.000  sq.  yd. 
for  one  flushing.  The  flushers  are  used  on  the  day  shift 
on  streets  outside  of  the  so-called  congested  district.  The 
day  shift  work  nine  hours.  Paved  streets  are  flushed 
or  scrubbed  at  least  once  a  week  during  the  season. 

As  a  matter  of  comparison  of  cost,  the  W.  Seventh  St, 
district,  with  an  area  of  89.700  sq.  yd..  6S.000  sq.  yd.  of 
which  is  sandstone,  on  the  level,  with  street  car  tracks 
and  verj-  heavy  traffic  and  with  intersecting  traffic  streets 
as  follows :  8,500  sq.  yd.  of  asphalt.  10,800  sq.  yd.  of  cre- 
osoted  wood  block  and  2.400  sq.  yd.  of  brick,  costs  for  one 
flushing  ?39.80  or  44  ct.  per  1.000  sq.  yd.  This  district  is 
flushed  once  a  week  and  is  one  of  the  hardest  districts 
to  clean. 

The  E.  Seventh  St.  district  with  an  area  of  150.400  sq. 
yd.,  of  which  109.800  sq.  yd.  are  brick,  steep  gradient, 
street  car  tracks,  automobile  traffic  and  light  miscella- 
neous traffic  with  intersecting  streets  as  follows:  25.600 
sq.  yd.  of  asphalt  and  15.000  sq.  yd.  of  sandstone,  cost 
for  one  flushing  $43.56  or  29  ct.  per  1.000  sq.  yd.  The 
crew  in  each  of  the  above  cases  was  one  foreman,  three 
teams  and  two  gutter  cleaners  working  one  S-hour  shift. 

The  squeegees  are  operated  only  in  the  day  time  on 
smooth  pavements,  such  as  creosoted  wood  block  or  as- 
phalt. The  3-horse  squeegee  scrubs  42.000  sq.  yd.  of 
pavement  in  one  9-hour  shift  and  uses  11.000  gal.  of  water, 
the  resulting  cost  being  17' ;  ct.  per  1.000  sq.  yd.  scrubbed. 
The  2-horse  squeegees  do  a  slightly  less  amount.  The 
total  amount  of  water  used  for  street  flushing  purposes 
during  the  1915  season  was  32.145.850  gal.  for  which  the 
department  was  charged  S1.2S6. 
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ENGINEERING 
AND       CONTRACTING 


NECESSITY  FOR  LIMITING  THE  LOADS,  SPEED 
AND  SIZE  OF  VEHICLES. 

Excessive  damage  to  pavements  in  the  Borough  of  Man- 
hattan, New  York  City,  during  the  past  year  by  heavily 
loaded  steel  tired  trailers  hauled  by  motor  trucks  has 
brought  to  the  attention  of  the  authorities  the  necessity 
for  limiting  the  loads  hauled  on  city  streets.  The  situa- 
tion was  described  by  Mr.  Eugene  W.  Stern,  Chief  En- 
gineer in  Charge  of  Highways,  Manhattan  Borough,  in  a 
paper  presented  on  Oct.  11  at  the  convention  of  the  Amer- 
ican Society  of  Municipal  Improvements.  The  matter 
that  follows  has  been  taken  from  Mr.  Stern's  paper. 

The  most  damage  seems  to  be  caused  by  steel  tired  ve- 
hicles hauled  by  motor  trucks.  A  case  in  point  is  here 
given:  A  contractor's  outfit  hauling  rock  from  the  sub- 
way e.xcavation  on  Broadway  is  made' up  of  a  tractor  and 
trailer.  The  latter  carries  six  large  buckets,  weighing 
about  15  tons.  Its  wheels  are  41  in.  in  diameter  with  8^2- 
in.  wide  steel  tires.  The  load  per  inch  width  of  tire  is 
about  1,400  lb.  There  are  10  of  these  trucks  in  opera- 
tion. They  work  16  hours  per  day  and  each  makes  about 
one  trip  every  hour.  The  total  number  of  trips,  there- 
fore, for  the  10  vehicles  is  160  per  day. 

The  springs  on  the  front  axle  are  spiral  and  on  the 
rear,  flat.     They  are  very  stiff,  and  this  fact  has  unques- 


some  details  of  the  granite  paving  on  the  route  and  the 
percentage  of  repairs. 

On  the  sheet  asphalt,  the  destructive  effect  has  been 
equally  startling.  In  some  places  it  has  been  ground  to 
small  bits;  in  other  places  the  wearing  surface  has  been 
completely  broken  and  cracked.  It  shows  many  depres- 
sions, waves  and  ruts  and  shoves. 

In  many  cases  the  6-in.  concrete  base  has  been  shat- 
tered; however,  in  many  other  cases  where  the  wearing 
surface  has  been  damaged,  the  foundation  remains  intact. 

The  speed  of  these  vehicles  was  about  6  miles  per  hour 
in  the  day  time,  and  at  night  it  was  considerably  higher — 
12  and  14  miles  per  hour,  and  even  16  at  times. 

The  effect  of  rubber  tired  traffic  has  been  carefully 
investigated,  and  practically  no  damage  has  been  caused 
by  motor  vehicles  in  which  all  of  the  wheels  are  covered 
with  rubber,  beyond  what  is  reasonable,  although  there 
are  some  types  of  heavily  loaded  trucks  in  use  in  the 
city.  The  first-class  pavements  show  practically  no  ad- 
ditional expense  for  maintenance  beyond  a  reasonable 
amount. 

The  manufacturers  of  motor  vehicles  have  found  by  ex- 
perience that  about  750  lb.  per  inch  width  of  tire  is  about 
all  the  load  the  rubber  tire  will  stand,  and  this  load,  to- 
gether with  the  resiliency  of  the  rubber  and  the  ade- 
quate springs  on  motor  vehicles  which  good  construction 


Fig.  1 — Wearing  Off  of  Granite   Blocks. 


Fig.    2 — Type    of    Heavy   Trailer. 


Fig.   3 — Damage  to    Granite    Block    Pavement. 


tionably  contributed  towards  the  destructive  effect  of  the 
wheel  loads  of  the  trailer.  The  jarring  effect  of  the 
loaded  vehicle  is  such  that  people  along  the  route  trav- 
eled complain  about  excessive  vibration  in  their  buildings. 

The  route  traversed  has  been  over  sheet  asphalt  on 
concrete  foundations  and  improved  granite  block  on  con- 
crete foundation.  These  pavements  are  substantially 
about  four  years  old.  They  are  considered  among  the 
best  pavements  in  the  city,  and  have  been  laid  in  con- 
formity with  the  latest  specifications.  Up  to  the  time 
when  the  damage  began  to  be  done  by  the  above  men- 
tioned trailers,  no  appreciable  amount  of  wear  had  been 
noticed  beyond  what  ordinarily  might  be  expected  on 
thoroughfares  with  as  much  traffic  as  have  the  streets 
above  mentioned. 

The  mischief  has  all  been  done  in  a  very  short  space 
of  time  (about  nine  months),  and  has  amounted  to  5,400 
yd.  of  repairs  on  granite  (equal  to  32  per  cent  of  the 
total  area),  costing  $6,000,  and  1,900  yd.  of  repairs  on 
sheet  asphalt  (equal  to  30  per  cent  of  the  total  area), 
costing  $1,900;  whereas,  prior  to  this  time,  the  average 
cost  per  year  of  maintenance  on  the  granite  was  $150,  and 
on  the  sheet  asphalt  $70. 

On  granite  pavements  the  granite  blocks  have  been 
literally  crushed  and  ground  into  powder.  In  many  cases 
the  blocks  were  split.  The  granite  used  has  given  splen- 
did service  on  other  streets  of  the  city.     Table  I  gives 

TABLE  I. 

Crushing 
strength,  lb. 
Location.  Quarry.  per  sq.  in. 

42nd  St.,  9th  to  10th  Ave North  Jay.    Me 20,000 

Percentage  of  Repairs:' 

1915    4 

9  months  of  1916...     45.0 

10th  Ave.,  42nd  to  50th  St Rockport,    Mass 25,000 

Percentage  of  Repairs: 

1915    5 

9  months  of  1916. ..     26.0 

Both  St.,  11th  to  12th  Ave Salisbury.  N.  C 40,000 

Percentage  of  Repairs: 

1915    6 

9  months  of  1916. ..     36.0 


demands,  seem  both  together  to  be  the  saving  features 
in  protecting  the  pavements  against  undue  wear,  even 
under  heavy   loads. 

It  would  appear  that  regulations  properly  framed  to 
protect  the  pavements  against  the  destructive  effects  of 
excessive  loading  in  vehicles,  should  take  into  account 
the  following  factors: 

1.  That  the  wearing  or  damaging  effect  of  wheel  loads  on  pave- 
ments is  a  function  of  (a)  the  load;  (b)  the  diameter  of  the  wheel; 
(c)  the  width  of  tire:  (d)  whether  or  not  the  tire  is  of  a  resilient  mate- 
rial such  as  rubber,  or  of  steel;   (e)  the  kind  of  springs. 

2.  That  speed  has  considerable  to  do  with  the  damaging  effect  of 
heavy  loads. 

An  investigation  of  the  laws  and  ordinances  govern- 
ing the  weights  and  loads  of  vehicles,  etc.,  adopted  by 
eight  states  and  49  cities  in  the  United  States  and  Europe, 
goes  to  show  that  only  a  few  laws  have  been  drafted  in 
accordance  with  modern  conditions.  It  is  surprising  that 
even  today  in  this  country,  certain  communities  require 
that  the  width  of  the  tire  should  depend  on  the  diameter 
of  the  axle,  regardless  of  the  loading;  others  make  no 
distinction  in  the  regulations  between  a  wheel  large  or 
small  in  diameter,  while  still  others  treat  rubber  and 
steel  tired  wheels  the  same. 

Requirements  of  some  of  the  most  up-to-date  ordinances 
are  shown  in  Table  II. 

Mr.  Stern  believes  that  unless  some  limitation  is  placed 
upon  the  size  of  vehicles,  the  tendency  will  be  to  make 
them  larger  and  larger,  until  they  will  become  a  nuisance 
and  congest  the  highways.  This  is  now  becoming  evi- 
dent in  the  city  of  New  York,  as  well  as  in  other  cities. 

In  order  to  provide  reasonable  standing  room  on  each 
side  of  a  street,  and  at  the  same  time  allow  traffic  to 
proceed  in  both  directions,  it  is  necessary  to  limit  the 
width  which  vehicles  take  up. 

Many  of  the  streets  have  roadways  only  30  ft.  be- 
tween curbs.  It  thus  becomes  evident  that  vehicles  over 
7  ft.  in  width  do  not  allow  for  two  to  pass,  even  using 
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TABLE  II. 

Chicago,  111.: 

Maximum  weight  of  vehicle,   15  tons. 

Maximum  load  on  any  one  axle,  12  tons. 

Maximum  load  on  the  wheel.  6  tons. 

Ma.xinium  load  per  inch  width  of  tire,  1,000  lb. 

Maximum  length,  40  ft. 

Maximum  width.  S  ft.  fi  in. 

Speed;     Compatible  with  safety,  but  not  to  exceed  9  miles  per  hour. 

Not  to  exceed  4  miles  per  hour  when  truck  has  defective  tire  which 

would  cause  injury  to  pavement. 
Motor  trucks  must   have   rubber  tires. 
Trailers   may   have  steel   tires. 
New  York  State: 
Maximum  weight  of  vehicle,  14  tons. 
Maximum  load  on  any  one  axle.   9  tons. 
Maximum  load  per  inch  width,  800  lbs. 
Maximum  width,  S  ft.  4  in.,  except  traction  engines,  which  may  have 

width  of  9  ft.  2   in. 
Speed:     Over  4  tons.  15  miles  per  hour;  over  6  tons,  6  miles  per  hour 

with  steel  tires,  12  miles  per  hour  with  rubber  tires. 
State  of  New-  Jersey: 

Maximum  weight  of  vehicle.  12%   tons. 

Maximum  load  per  inch  width  of  tire,   800  lbs. 

Speed:     4  tons.  12  miles  per  hour  iron  tires:  6  tons,  8  miles  per  hour 

Iron  tires,  10  miles  per  hour  rubber  tires. 
State  of  Pennsylvania: 

Maximum  weight  of  vehicle,   12  tons. 
Maximuni  load  on  any  one  axle,  9  tons. 
Maximum  load  per  inch  width  of  tire.  750  lbs. 
Maximum  width,  7  ft.  6  in.;  for  busses  in  large  cities,  S  ft.  4  In. 
State  of  Massachusetts: 

Maximum  weight  of  vehicle.  14  tons. 

Maximum  load  per  inch  width  of  tire,  SOD  lbs.  (except  for  hard  pave- 

mentsK 

Speed:     4  tons.  15  miles  per  hour:  6  tons,   6  miles  per  hour  iron  or 

steel  tires,  12  miles  per  hour  rubber  or  similar  tires. 
Oakland.  Cal.: 

Maximum  weight  of  vehicle.  14  tons. 

Maximum  load  per  inch  width  of  tire,  SOO  lbs.  (except  for  hard  pave- 
ments). 
Speed:    4  tons.  6  miles  per  hour  iron  or  steel  tires.  12  miles  per  hour 

rubber  tires. 
England: 

Maximum  weight   of  vehicle,  12  tons. 

Maximum  load   on  any  one  axle.   S   tons   (for  trailers,   4  tons). 

Maximum   weight  of  vehicle  without  load,  5  tons. 

Combined   weight   of   motor  car  and   trailer,    6^    tons. 

Weight  on  axle  to  be  proportioned  to  diameter  of  wheel. 

The  load  per  inch  -width  of  tire   (steel)    shall  be  S40   lbs.   for  wheels 

3  in.  in  diameter:  and  an  additional  allowance  of  9S  lb.   for  every 

additional   increase  in  diameter  beyond  3   in.;   and  for  wheels  less 

than  3  in.  in  diameter  a  deduction  of  IS73  lb.  per  inch  width  of  tire 

for  ever>-  inch  less  in  diameter  than  3  in. 
Vehicles      for  military  service  limited   as  follows: 

Weight  of  car  unladen,   6  tons. 

Weight  of  car  with  trailer.  S  tons. 

Unit    of   registered   axle   weight   with    tires    shod    with   cross   bars, 
560  lb. 
Maximum  width.  90  in.   for  3  tons;  90  in.  for  trailer. 
Speed:     Dependent  on  axle  weight  for  iron-tired  vehicles;   G  tons,  12 

miles  per  hour  for  rubber  tires;  over  6  tons,  8  miles  per  hour  for 

rubber  tires. 

Should  car  unladen  weigh  more  than  3  tons,  speed  is  limited  to  8 
miles  per  hour. 

If  motor  draws  trailer,  miximum  speed  is  5  miles  per  hour. 

the  utmost  care.  While  it  is  becoming  necessary  to  widen 
roadways  in  Manhattan  Borough,  it  is  very  difficult  to 
add  more  than  2  ft.  to  each  side;  a  30-ft.  roadway  is  thus 
converted  into  a  34-ft.  roadway.  In  this  case  a  ll-z-ft. 
width  for  a  vehicle  would  be  the  limit. 


SURFACING  OLD  BRICK  PAVEMENT  WITH 
SHEET  ASPHALT. 

About  4  years  ago  the  city  of  Columbus,  0.,  began  sur- 
facing some  of  its  old  brick  pavements  with  sheet  asphalt. 
These  old  pavements  were  laid  on  a  gravel,  a  crushed 
stone  'or  a  creosoted  plank  and  sand  foundation.  The 
brick  were  small  size  red  brick  and  the  joints  were  either 
tar  or  sand  filled.  In  1912  three  of  these  old  streets  hav- 
ing an  area  of  about  14,000  sq.  yd.  were  surfaced  over 
with  sheet  asphalt.  Since  that  time  nine  other  similar 
streets  have  been  given  a  similar  treatment  and  the  total 
yardage  has  been  increased  to  about  75,000  sq.  yd.  The 
following  description  of  the  methods  employed  in  this 
work  is  taken  from  a  paper  by  T.  H.  Brannan,  superin- 
tendent of  asphalt  construction  for  the  city  of  Columbus, 
presented  at  the  recent  convention  of  the  American  So- 
ciety of  Municipal  Improvements: 

One  of  the  first  questions  to  be  considered  in  this  kind 
of  construction  is  that  of  drainage.  All  of  the  old  streets 
were  laid  with  a  6-in.  gutter.  After  a  3-in.  coat  of  binder 
and  top  has  been  put  over  the  old  brick,  it  therefore 
leaves  a  very  shallow  gutter.  On  streets  having  a  lateral 
grade  of  0.6  per  cent,  or  over,  this  is  not  so  serious,  but 
for  grades  less  than  0.6  per  cent,  a  3-in.  gutter  may  not 
be  deep  enough  to  carry  the  water.  On  these  streets  one 
of  two  things  can  be  done: 

The  first  method  is  to  take  up  the  old  brick  in  the  gut- 
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ters  for  a  width  of  3  to  4  ft.  from  the  curb  and  lay  a  con- 
crete base  to  such  a  grade  that  when  the  gutter  is  paved 
with  new  brick  these  bricks  will  be  high  enough  at  the 
outer  edge  to  form  a  shoulder  for  the  edge  of  the  asphalt. 

The  second  method  is  to  take  up  the  old  brick  for  a  dis- 
tance of  3  to  4  ft.  from  the  curb,  concrete  this  space  leav- 
ing it  low  enough  along  the  curb  to  lay  asphalt  over  and 
still  maintain  a  desired  depth  of  gutter.  The  outer  edge 
of  the  concrete  can  be  brought  to  the  level  of  the  old 
brick  and  an  asphalt  roadway  can  then  be  laid  from  curb 
to  curb.  This  w-ill  increase  the  transverse  grade  or  crown 
of  the  street  near  the  curb,  but  not  enough  to  be  seriously 
objectionable. 

Before  any  asphalt  is  laid  on  old  brick  it  is  essential 
that  the  old  brick  pavement  be  cleaned  and  all  of  the  dirt 
removed  from  the  joints  to  a  depth  of  at  least  V2-in.  This 
is  done  most  effectively  by  flushing  with  a  fire  hose.  It 
can  also  be  done  by  raking  out  the  joints  with  sharp 
pointed  picks,  or  hooks,  and  then  sweeping.  If  flushed,  it 
is  necessary  to  give  the  street  some  time  to  dry  out  and 
for  this  reason  the  sweeping  is  preferable  during  the 
late  fall  months. 

In  case  the  old  brick  are  worn  through  at  any  point  or 
are  more  than  3-in.  below  the  general  grade,  these  holes 
or  depressions  are  cleaned  out  and  concreted.  At  inter- 
secting streets  it  is  necessary  to  either  go  back  to  the  prop- 
erty line  a  few  feet  and  relay  the  brick,  bring  them  up 
enough  to  form  a  shoulder  for  the  asphalt  at  the  lot  line, 
or  take  up  the  brick  in  the  wing  and  let  the  new  asphalt 
pavement  down  enough  to  meet  the  existing  pavement  on 
the  cross  street. 

A  closed  binder  containing  from  20  to  25  per  cent,  of 
material  passing  a  10-mesh  sieve  is  preferable  to  a  paint 
coat.  A  paint  coat  of  asphalt  must  be  cut  back  with 
naphtha  in  order  to  apply  it  and  unless  this  naphtha  en- 
tirely evaporates  before  this  is  laid  it  is  likely  to  work  up 
through  the  top  and  be  detrimental  to  the  pavement.  The 
large  variation  in  the  thickness  of  the  top,  however,  would 
be  the  greatest  objection  to  the  paint  coat.  The  wide 
tread  roller  bearing  on  the  different  depths  of  top  will 
compress  the  thinnest  portion  and  leave  the  deep  spots 
only  partially  compressed.  Trucks  going  over  the  pave- 
ment after  it  is  completed  will  further  compress  the  deep 
spots  and  form  depressions  in  the  pavement.  The  depres- 
sions thus  formed  will  likely  produce  shoving  and  destroy 
the  pavement. 

A  l^o-in.  top  and  1^2-in.  binder  are  used  on  these 
streets.  The  l^ii-in.  binder  is  figured  on  the  basis  of  1 
cu.  yd.,  box  measurement  laying  20  sq.  yd.  Whatever  ex- 
cess there  is  over  this  amount  is  paid  for  by  the  cubic 
yard  as  extra  binder. 

Where  the  brick  foundation  is  very  irregular  the  binder 
is  laid  in  two  courses.  The  depressions  are  first  filled  and 
rolled  and  then  the  l^^-in.  binder  is  laid.  An  examina- 
tion of  the  underside  of  a  slab  of  binder  taken  from  a  cut 
on  a  resurface  job  of  this  character  showed  the  print  of 
all  the  brick  and  also  showed  the  binder  driven  in  between 
the  brick  sufficiently  to  give  a  good  bond. 

The  average  amount  of  binder  required  on  all  the  streets 
that  have  been  laid  was  .022  cu.  yd.  per  sq.  yd.  of  top. 
This  at  $7  a  cu.  yd.  would  be  an  item  of  about  15  ct.  a 
sq.  yd.  for  e.xtra  binder.  This  amount  plus  5  ct.  a  sq.  yd. 
for  cleaning  deducted  from  the  cost  of  excavation  and  new 
concrete  represents  the  saving  that  can  be  made  on  this 
kind  of  construction.  In  Columbus  with  concrete  figured 
at  70  ct.  a  sq.  yd.  and  excavation  at  95  ct.  a  cu.  yd.  this 
saving  would  amount  to  75  ct.  a  sq.  yd.  of  finished  pave- 
ment. 

Three  of  the  streets  resurfaced  4  years  ago  are  within 
four  blocks  of  the  center  of  the  city,  and  are  stated  to  be 
in  as  good  condition  as  if  they  had  been  laid  on  a  con- 
crete base.  They  are  not  cracked,  have  not  shoved,  and 
have  not  had  and  do  not  need  any  repair.  The  nine  streets 
resurfaced  since  1912  carry  a  somewhat  lighter  traffic  and 
would  be  classed  as  residence  streets.  They  are  stated 
to  be  in  good  condition  and  have  had  no  repairs. 
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Photographs  of  inefficient  machinery  and  its  cost  of 
operation  are  shown  by  stereopticon  slides,  followed  by 
one  showing  efficient  equipment  and  the  saving  in  opera- 
tion costs.  Alleys  showing  outhouses,  garbage  piles,  ash 
heaps,  etc.,  make  good  illustrations  of  the  lack  of  sewers 
and  sanitation  and  contrast  this  with  .stereopticon  slides 
showing  abandonment  of  alleys  with  the  installation  of 
sewers  with  its  beautiful  back  yard  flower-beds  and  creek 
banks  beautified. 

Health  statistics  graphically  shown  on  a  slide  of  your 
own  city,  even  showing  poor  results  and  you  are  ashamed 
of  theni,  serve  to  stimulate  an  interest  in  bettering  the 
conditions.  Slides  showing  the  typhoid  rates  of  other 
cities  with  pure  water  supplies  emphasize  the  need  of  ac- 
tion in  your  own  city.  Typhoid  and  many  other  water 
borne  diseases  are  preventable  diseases,  preventable  by 
proper  precaution  in  water  supply,  food  and  sanitation. 

The  time  is  fast  coming  when  the  sheriff  and  police  offi- 
cers will  investigate  and  fix  the  responsibility  for  every 
case  of  a  preventable  disease.  Dr.  Hazen,  an  authority, 
says  for  every  case  of  typhoid  some  one  ought  to  be 
hanged.  The  real  town  booster  gains  nothing  by  cover- 
ing up  and  minimizing  the  town's  sore,  festering  and  ugly 
spots,  but  let  them  be  known  and  the  town  will  soon  have 
none  of  these  to  apologize  for. 

Proper  publicity  and  presenting  of  engineering  reports 
needs  no  exaggeration  to  make  the  arguments  effective, 
but  a  real  portrayal- of  plain  facts  by  slides  and  moving 
pictures  merely  brings  to  the  attention  the  need  of  im- 
provements, and  where  the  necessity  is  shown,  the  cash 
is  always  forthcoming. 

During  a  campaign  for  sewers  and  a  modern  sewage 
disposal  plant  recently  the  writer  found  the  moving  pic- 
ture shows  all  anxious  and  willing  to  show  such  films  as 
"The  Daily  Life  of  a  Fly";  also,  the  public  meetings  were 
packed  to  see  the  plans  and  estimates  shown  on  the  screen, 
illustrating  the  proposed  improvements,  together  with  pic- 
tures showing  the  best  examples  of  similar  improvements 
in  other  cities. 

There  is  no  municipal  improvement  that  cannot  be 
graphically  illustrated  by  pictures  and  diagrams  and  they 
are  plainer  than  printing  or  typewriting.  Maps  showing 
water  or  sev.'er  lines,  with  their  sizes  and  locations,  can 
be  shown  by  slide.  White-way  or  ornamental  lighting  can 
be  well  illustrated.  The  writer  has  conducted  successful 
campaigns  for  bonds  by  this  method,  covering  such  a  va- 
riety of  subjects  as  the  following: 

Campaigns  for  municipal  ownership  of  water  works  and 
lighting,  for  sewers  and  sewage  disposal  plants — new 
water  supplies,  filtration  systems,  water  power,  park  and 
street  improvements. 

It  is  an  unfortunate  fact  that  many  a  needed  public  im- 
provement is  delayed  to  the  point  of  criminal  negligence 
on  the  part  of  those  in  authority,  solely  on  account  of 
their  fear  that  public  sentiment  may  be  against  the  im- 
provement. 

The  Superintendent  of  the  city  water  works  may  know 
that  the  water  supply  is  inadequate  or  that  the  pumping 
machinery  is  insufficient  to  give  fire  protection,  and  he 
may  confide  this  alarming  situation  to  the  other  city  offi- 
cials, only  to  be  told  to  keep  the  matter  hushed  up  as  they 
do  not  dare  ask  the  people  to  vote  bonds  until  after  the 
spring  election  and  they  will  try  to  pinch  along  another 
season  on  their  present  equipment.  They  are  willing  to 
gamble  against  Fate.  They  take  a  chance  and  sometimes 
they  lose,  or,  rather  the  public  loses  property  worth  many 
times  what  the  water  works  improvements  would  have 
cost;  and  that  is  not  all — the  public  then  awaken  to  the 
necessity  and  rebuilds  its  water  plant — and  if  justice  falls 
where  due,  the  public  also  selects  new  cit.v  officials.  But 
this  illustration  pertains  only  to  property  loss — material 
things.  I  have  in  mind  a  far  worse  negligence — criminal 
without  a  doubt,  but  wholly  due  to  the  fear  of  taking  the 
public  into  the  confidence  of  those  responsible  for  public 

•From  a  paper  by  R.  E.  McDonnell  of  Burns  &  McDonnell, 
Consulting  Engineers.  Kansas  City.  Mo.,  prosenterl  before  tlie  recent 
eighth  annual  meeting  of  the  Kans;\s  League  of  Municipalities. 
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property.  This  is  a  case  where  a  city  is  supplied  with 
pure  water,  but  the  plant  facilities  are  not  adequate  to 
meet  the  requirements  of  the  dry  season,  and  as  a  conse- 
quence of  this  condition  of  affairs  it  becomes  necessary  to 
introduce  polluted  river  water  into  the  city  mains  at  times 
during  the  hot  summer  season.  The  Superintendent  of 
this  waterworks  system  told  me  he  was  simply  "up 
against  it"  and  he  did  not  dare  mention  the  true  situation 
publicly  for  fear  of  the  storm  of  indignation  that  would 
fall  upon  him.  And  yet  this  city  failed  to  vote  bonds  for 
an  increased  pure  water  supply  when  the  question  was 
submitted  to  a  vote.  The  reason  it  failed  was  plainly  due 
to  the  fact  that  the  city  officials  did  not  have  any  definite 
plan  prepared  to  show  how  they  proposed  to  use  the 
money,  nor  did  they  make  any  organized  campaign  to  edu- 
cate the  public  to  the  necessity  of  the  improvement.  Now, 
I  need  not  tell  you  the  name  of  the  town  where  this  oc- 
curred. Perhaps  some  of  you  are  afraid  I  will  name  the 
town  and  cause  you  to  be  embarrassed.  If  you  feel  that 
way,  my  advice  is  that  you  go  home  with  a  firm  determi- 
nation to  shoulder  your  share  of  responsibility  for  public 
health  and  see  that  your  city  is  not  one  of  those  that  may 
suff'er  from  your  continued  negligence. 

The  average  engineer's  report  on  improvements  is  too 
long,  dry  and  technical  and  frequently  leaves  the  officials 
m  the  air  as  to  what  to  do  next.  The  real  job  of  raising 
the  funds  is  as  much  the  engineer's  obligation  as  showing 
how  much  is  needed. 

Many  municipalities  make  the  mistake  of  proceeding 
with  a  bond  issue  without  first  having  an  experienced  en- 
gineer's report  covering  cost,  comparison  of  various  feat- 
ures and  recommendations  about  the  project,  with  the 
result  that  when  voters  are  asked  for  bonds,  the  questions 
the  voters  ask  about  the  project  cannot  be  intelligently 
answered  and  the  officials  are  put  in  a  defensive  position 
and  the  voters  are  groping  in  the  dark  as  to  some  phases 
of  the  question.  Then  again,  the  cost,  or  amount  of  bonds, 
will  be  questioned  unless  it  is  based  on  a  very  carefully 
made  plan  and  estimate. 

A  wrong  impression  or  conception  of  a  project  often  de- 
feats it.  The  voters  have  a  right  to  know  and  should 
know  every  detail  of  the  project  before  voting. 

The  correct  cost  and  proper  explanation  of  the  project, 
or  the  first  impression  of  it,  is  the  lasting  one  and  this 
should  be  given  at  the  outset  and  not  after  there  are  hun- 
dreds of  half  baked  opinions  spread  broadcast  regarding 
the  projects.  An  engineer's  greatest  value  to  the  com- 
munity comes  in  by  properly  conceiving  the  character  and 
extent  of  the  work  before  a  bond  election  and  like  the 
skilled  diagnostician  in  studying  the  symptoms,  the  causes, 
etc.,  he  can  prescribe  correct  treatment  before  mistakes 
are  made.  Cities  often  fail  to  realize  that  it  costs  no  more 
for  an  engineer's  services  right  at  the  outset  than  it  does 
to  call  him  in  after  funds  are  provided. 

An  improvement  that  may  apparently  seem  dry  and  un- 
interesting can  in  this  way  be  made  such  a  live  interest- 
ing subject  that  civic  organizations,  women's  clubs,  labor 
unions,  etc.,  are  seeking  an  illustrated  talk  before  their 
organizations,  which  not  only  instructs  but  entertains. 
How  many  people  nowadays  would  go  to  hear  a  paper 
read  or  a  lecture,  even  if  ably  presented?  The  public  like 
to  see  as  well  as  hear,  and  to  see  by  slides  what  their 
neighboring  cities  are  doing  helps  to  do  better  our  own 
problems. 

This  method,  of  course,  involves  much  added  work  for 
the  engineer  but  it  is  worth  while,  at  least  in  the  satisfac- 
tion that  comes  from  a  consciousness  of  a  public  duty  dis- 
charged to  the  best  of  one's  ability.  A  study  of  this  sub- 
ject has  led  us  to  adopt  the  graphical  method  of  present- 
ing everything  that  can  be  pictured.  The  results  have 
been  gratifying  and  show  that  in  the  last  two  years  thirty 
projects  have  been  handled  in  this  manner  without  a 
single  bond  defeat,  although  ten  of  the  projects  had  pre- 
viously met  defeat  before  the  illustrated  bond  campaign 
had  been  applied — however,  the  greatest  result  of  all 
comes  in  the  fact  of  a  better  citizenship,  a  lessening  of 
the  general  and  typhoid  death  rate  through  better  water 
supplies  or  sewerage,  and  an  awakened  civic  pride. 
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A  LOW  COST  REINFORCED  CONCRETE 
PAVEMENT. 

A  6-in.  2-course  reinforced  concrete  pavement  was  laid 
at  Joplin,  Mo.,  in  October,  1915,  at  a  cost  to  the  city  of 
1.18'.>  et.  per  square  yard.  This  price  includes  excavat- 
ing, headers,  protection  during  curing,  in  fact,  the  pave- 
ment complete.  The  pavement  was  laid  on  7th  St.,  which 
connects  with  a  section  line  road  to  the  east  over  which 
much  heavy  traffic  passed  to  nearby  towns  and  mines.  A 
census  showed  1,500  vehicles  in  12  hours,  about  half  of 
which  were  motor  driven. 

The  stone  used  in  concrete  in  this  district  is  a  by- 
product of  the  mines;  a  flint  of  a  rather  brittle  nature 
and  of  sizes  shown  by  the  sieve  analysis : 

Mesh  sieve.  Per    cent   passing. 

2  1.00.00 

4  »6.64 

10  83.78 

50.90 

27.30 
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The  voids  in  this  aggregate  ran  about  20  per  cent,  so 
that  a  mixture  of  1:41 2  was  adopted  for  the  pavement. 
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made  at  the  end  of  the  day's  run,  which  was  about  100 
ft.  of  pavement  36  ft.  wide,  and  joints  were  carried  for 
the  length  of  the  street  along  both  gutters. 

The  wire  mesh  was  laid  with  a  2-in.  lap  and  scraps  of 
the  rolls  were  used  in  the  alley  pockets.  The  surface 
was  finished  with  a  long-handled  wood  float,  care  being 
exercised  that  no  stroke  marks  remained  and  yet  with  no 
attempt  to  secure  a  sandpaper  finish.  The  paving  gang 
averaged  16.5  men  for  the  job.  Of  these  two  were  finish- 
ers and  one  the  mixer  engineer.  The  first  work  of  the 
morning  was  to  cover  the  section  that  had  been  run  the 
day  before  with  sand  and  thoroughly  sprinkle  it.  At  all 
times  before  opening  to  traffic  the  pavement  was  pro- 
tected in  this  way. 

After  curing  14  days  the  pavement  was  opened  to 
traffic.  The  street  was  completed  in  twenty-five  days  and 
opened  about  two  weeks  later. 

The  pavement  has  been  down  about  a  year  now  and  has 
fulfilled  all  expectations.  There  are  no  cracks  and 
the  surface  shows  no  appreciable  wear.  The  only  main- 
tenance charge  during  this  time  has  been  for  covering 
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Fig.  1 — View  of  7th   St.,  Showing   Longitudinal   Expansion  Joint  Along 

Gutter. 

Due  to  the  brittle  nature  of  the  stone  this  mixture  would 
not  stand  up  as  a  wearing  surface,  so  a  second  course  of 
a  finer  aggregate  known  as  Chitwood  sand,  also  a  mine 
product,  was  adopted  and  the  proportioning  used  was  1 
to  Vji.  The  first  course  was  fixed  as  4^-2  in.  thick  and 
the  finish  course  as  1^2  in. 

The  reinforcement  mesh  selected  conforms  to  the  sug- 
gestion of  the  First  Proceedings  of  the  National  Confer- 
ence on  Concrete  Road  Building  &  American  Wire  &  Steel 
Co.'s  No   27  trangular  mesh  was  used. 

Before  construction  was  under  way  a  storm  sewer  was 
constructed  and  all  water  and  gas  mains  and  services 
were  put  in  first-class  condition  to  insure  no  excavations 
through  the  pavement,  for  some  time  at  least. 

The  excavation  was  light,  not  over  a  foot  of  old  mac- 
adam being  removed  in  the  heaviest  work.  Teams  were 
used  on  most  of  the  plowing,  a  traction  engine  break- 
ing up  the  harder  ground  in  2^2  days.  The  subgrade  w-as 
then  rolled  with  a  15-ton  roller  and  any  soft  or  spongy 
places  that  developed  were  excavated  and  filled  with 
solid  material.  The  materials  for  paving  were  then 
hauled  to  the  sides  of  the  street  and  the  side  streets  along 
the  line  of  work,  the  mesh  being  placed  in  the  parkways 
on  either  side  of  the  street. 

The  concrete  was  mixed  in  a  low  charging,  '  2-cu.  yd. 
Standard  mixer,  the  material  being  run  up  on  a  platform 
in  wheel-barrows  and  dumped  directly  into  the  drum  and 
the  mixed  concrete  was  carried  away  in  buggies.  About 
a  6-ft.  row  of  the  first  course  was  carried  across,  brought 
to  grade,  then  another,  and  after  about  15  ft.  had  been 
laid,  the  mesh  was  placed.  The  finish  course  was  then 
run  through  the  same  mixer  and  placed  immediately  on 
top  of  the  mesh.  This  procedure  was  carried  forward 
for  25  ft.  to  36  ft.  and  a  board  placed  as  a  temporary 
header.  After  the  concrete  had  been  brought  to  grade 
up  to  this  point  the  header  was  removed  and  a  layer  of 
Ruberoid  roofing  placed  against  the  concrete  and  the  next 
section  was  laid  immediately  against  this.     A  joint  was 


Fig.   2 — Showing    Well    Protected   Transverse    Expansion    Joint. 

the  expansion  joints  with  asphalt,  which  has  completely 
protected  them  from  all  wear.  V.  E.  Koch  of  Joplin  was 
the  successful  bidder  on  this  work,  securing  the  job,  6,909 
sq.  yd.,  at  $1.18' 2  per  square  yard.  The  city  has  awarded 
contracts  for  32,450  sq.  yd.  of  this  pavement  for  the  pres- 
ent year. 


RUBBISH     RECEPTACLE.     BUREAU     OF 
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The  Bureau  of  Highways  of  Philadelphia.  Pa.,  has  re- 
cently awarded  contracts  for  the  supply  of  highway  rub- 
bish receptacles  of  the  type  shown  in  the  accompanying 
half-tone.  The  bottom  of  the  can  is 
made  of  No.  20  gage  sheet  iron  with 
a  1-in.  flange  riveted  to  the  body  and 
through  a  13-ounce  steel  band  1%  in. 
wide.  The  bottom  plate  is  so  placed 
that  an  air  space  of  1^4  in.  in  depth 
exists  between  the  surface  of  the 
pavement  upon  which  the  receptacle 
rests  and  the  under  surface  of  the 
bottom  plate.  In  order  to  provide 
for  proper  drainage,  the  bottom  plate 
shell  is  perforated  with  20  holes,  V2 
in.  in  diameter,  uniformly  distrib- 
uted over  the  bottom  plate  area. 
The  bottom  band  contains  4  semi- 
circular openings  1  by  2  in.  in  size 
placed  at  equidistant  points. 

The  protection  hood  overlaps  the  body  10  in.  from 
center,  and  is  8  in.  high  above  the  top  of  the  receptacle. 
The  receptacle  is  reinforced  by  eight  upright  3-ribbed 
steel  staves  made  of  No.  24  gage  sheet  iron  riveted  to 
the  top  and  the  bottom  bands  of  the  receptacle.  The 
notices  "For  Waste  Paper  and  Refuse,"  "Help  Us  Keep 
the  Streets  Clean,"  and  "Bureau  of  Highways,  D.  P.  W.," 
are  stenciled  in  white  letters  on  the  front  of  the  recep- 
tacle. 
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SPECIAL  DESIGN  OF  WAGON  FOR  REFUSE 
COLLECTION. 

Since  the  reorganization  of  the  Department  of  Health 
of  Dallas,  Tex.,  in  May,  1915,  considerable  time  has  been 
devoted  to  developing  a  sanitary  method  of  collecting  and 
transporting  the  city  refuse;  special  attention  being  given 
to  the  type  of  refuse  wagon.  The  results  of  this  work  are  • 


EXAMINATION  QUESTIONS  FOR  COUNTY  ROAD 
ENGINEERS  IN  KENTUCKY. 

The  Department  of  Public  Roads  of  Kentucky  on  Sept. 
28  held  an  examination  to  secure  eligibles  for  appointment 
as  county  road  engineers.  The  following  is  a  list  of  the 
questions  asked: 

Question  1. — How  many  cubic  yards  are  contained  in  a 


End   and  Side  Views  of  Special   Design  of  Wagon  for  Refuse  Collection    at    Dallas,   Tex. 


embodied  in  the  accompanying  sketch  of  an  improved 
refuse  collection  wagon  which  was  recommended  recently 
to  the  Board  of  City  Commissioners  for  adoption.  The 
design  was  made  in  the  Department  of  Public  Health  un- 
der the  immediate  direction  of  H.  W.  Van  Hovenburg, 
chief  of  the  Division  of  Engineering  and  Administration.  It 
is  estimated  that  a  well  constructed  wagon  built  accord- 
ing to  this  design  will  cost  approximately  |300.  The 
wagon  has  a  capacity  of  284  cu.  ft.,  and  is  built  with  cut- 
under  wheels  in  front  so  that  it  can  turn  round  in  a  very 
limited  space.  It  should  be  noted  that  conditions  at  Dallas 
are  such  as  to  make  the  use  of  motor  driven  vehicles  im- 
practicable for  refuse  collecting.  The  "above  note  has 
been  taken  from  a  paper  presented  at  the  recent  conven- 
tion of  the  American  Society  for  Municipal  Improvements 
by  Mr.  Charles  Saville,  director  of  public  health,  Dallas. 


car  when  level  full  which  has  the  following  dimensions: 
36  ft.  long,  7  ft.  wide  and  4  ft.  6  in.  high? 

Question  2. — How  many  cubic  yards  of  broken  stone, 


107.      mz       307.      407.      507.       607.      707.      80Z      901     mz 


DISTRIBUTION     OF     1915     EXPENDITURES     OF 
STATE   HIGHWAY   DEPARTMENTS. 

The  accompanying  illustration,  reproduced  from  a  cir- 
cular prepared  by  the  Division  of  Road  Economics  of  the 
Office  of  Public  Roads  and  Rural  Engineering,  and  is- 
sued last  month  by  the  U.  S.  Department  of  Agriculture, 
shows  the  percentage  distribution  of  road  expenditures 
during  1915  under  supervision  of  State  Highway  Depart- 
ment. Comparison  covers  construction,  maintenance, 
engineering,  administration  and  miscellaneous.  The  vari- 
ations, especially  in  the  items  of  administration  and  en- 
gineering, as  shown  in  the  cut,  are  probably  due  more  to 
differences  in  bookkeeping  and  definition  of  what  items 
should  be  included  under  this  head  than  to  any  other 
cause. 

The  expenditures  during  1915  under  the  supervision  of 
these  State  Highway  Departments  were  as  follows : 

, Source  of  funds , 

State.  State.  Local.  Total. 

Alabama    $      126,134  $    172,613  $      29S.747 

Arizona    476,178  476,178 

California 8.301,149  8,301,149 

Cclorado    203,000  R70,000  .573,000 

Connecticut     2,084,944  150,000  2,234,943 

Maho    200,000  274,636  4^4.636 

Illinois    818,638  945,357  1,763,994 

Kentucky    573.715  548,715  1,122.430 

Louisiana    144,821  424,889  569,709 

Maine     1,009,345  409.556  1.418,901 

Maryland     3,330,000  300.000  3,630,000 

Massachusetts    2.634,567  602,712  3,237,279 

Michigan     r,75,000  2,349,738  3.324,738 

Minnesota     1.580,000  2.462.000  4.042,000 

New   Hampshire    666,339  447.084  1,113,413 

New  Jersey    1,163,308  4,000,275  5.163,583 

New   Mexico    152,122  47,788  199,919 

New    York 13,983,769  2,521.870  16,505,648 

Ohio    3,442,604  3  442,604  6.885.207 

Oresron    230,000  410.000  640,000 

Pennsylvania     6,541.257  745,171  6,541,257 

Rhode  Island    204,119  204,118 

T'tah      121,000  342,100  463,100 

Vermont     485,145  265,000  '        750.145 

Virginia     526,645  1,718,754  2.245,398 

Washington     1.435,020  1,235.683  2.670.702 

Wisconsin     1,389.515  3,071,465  4,460,980 
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Percentage    D'Stribulion    of    Road    Expenditures    Under   Supervision    of 
State   Highway   Departments   During   1915. 

loose  measurement,  are  required  to  build  one  mile  of  road 
16  ft.  wide  and  8  in.  deep  compacted? 

Question  3. — Under  average  conditions,  about  how  many 
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men  are  required  to  economically  operate  a  rock  crusher 
which  has  a  capacity  of  100  cu.  yd.  per  day?  Show  in 
detail  the  number  of  men  required  in  the  quarry  hauling 
the  rock  to  the  crusher,  etc.,  and  about  what  would  be 
the  cost  per  day  for  labor,  teams,  fuel,  etc. 

Question  4. — In  the  grading  of  a  road  one  mile  long  a 
hill  at  one  end  is  to  be  cut  down  to  a  fixed  grade,  the  earth 
is  to  be  moved  and  spread  at  a  uniform  depth  over  the 
entire  length  of  the  road,  you  have  wagons,  drag  scrap- 
ers, carts  and  wheel  scrapers  with  which  to  remove  the 
earth,  show  by  sketch  and  rough  figures  what  portion  of 
the  road  you  would  grade  with  the  respective  implements. 

Question  5. — In  resurfacing  an  old  telford  pike  the  new 
material  (a  fair  grade  of  broken  limestone)  when  spread 
to  a  depth  of  7  in.  will  not  bind  satisfactorily  under  a 
10-ton  roller,  what  would  you  do? 

Question  6. —  (A)  Under  average  conditions  and  wuth 
one  good  outfit,  about  how  much  macadam  road  can  be 
resurfaced  in  one  month? 

(B)  Explain  the  method  of  applying  and  watering 
screenings  for  a  macadam  road. 

Question  7. —  (A)  Under  average  conditions,  what  is 
the  cost  of  quarrying  a  cubic  yard  of  stone? 

(B)  On  fairly  good  roads,  what  is  the  cost  of  hauling 
a  cubic  yard  of  stone  one  mile? 

(C)  Under  average  conditions,  what  is  the  cost  of  mov- 
ing a  cubic  yard  of  earth? 

Question  8. —  (A)  How  would  you  drain  a  road  when 
constructed  in  one-half  cut  and  one-half  fill  which  winds 
around  a  hill  side? 

(B)  How  would  you  prevent  bank  from  slipping? 

(C)  How  would  you  bond  the  fill  to  the  hill  side? 
Question  9. — A  newly  constructed  macadam  road  has 

begun  to  pick  up,  what  is  the  cause  of  this  and  how  should 
same  be  remedied? 

Question  10. —  (A)  Under  average  conditions,  what  is 
the  cost  per  cubic  yard  for  watering  and  rolling  a  mac- 
adam road. 

(B)  What  is  the  approximate  cost  per  mile  for  shaping 
road  bed  14  ft.  metal? 


STREET  CLEANING  COSTS  AT  SAVANNAH,  GA. 

Street  cleaning  at  Savannah,  Ga.,  ranges  in  cost  from 
20.4  ct.  per  1,000  sq.  yd.  per  cleaning  for  concrete  to 
$1,249  per  1,000  sq.  yd.  for  cobblestone.  These  figures 
are  given  by  Mr.  E.  R.  Conant,  chief  engineer  of  the  city, 
in  a  paper  presented  at  the  recent  convention  of  the  Amer- 
ican Society  of  Municipal  Improvements.  Extracts  from 
Mr.  Conant's  paper  follow: 

The  local  conditions  characteristic  of  Savannah,  should 
be  common  in  the  average  city  from  70,000  to  125,000  pop- 
ulation, lying  below  the  heavy  frost  and  snow  line,  where 
the  contour  of  the  streets  are  such  that  dry  cleaning  has 
to  be  resorted  to.  In  Savannah  all  sewerage  disposal  is 
by  gravity  into  the  Savannah  River.  The  general  eleva- 
tion of  the  city  ranges  from  10  to  30  ft.  above  high  water, 
so  that  the  sewer  grade  has  to  be  flat,  and  by  necessity 
dirt  and  refuse  from  the  streets  must  be  kept  out  of  the 
sewers.  Two  or  three  of  the  principal  down  town  streets 
are  flushed  three  times  a  week. 

White  labor  is  entirely  employed  for  street  cleaning,  but 
to  a  considerable  extent  the  force  is  composed  of  a  class 
which,  on  account  of  its  physical  condition,  is  unable  to 
do  what  will  be  classed  an  ordinary  day's  work.  Forty- 
eight  per  cent  employed  are  over  50  years  of  age,  and  9 
per  cent  over  70  years  of  age.  The  organization  of  street 
cleaning  consists  of  one  superintendent  at  $110  per  month. 


Average 

width  in 

Class  of  pavement.  ft.,  total. 

Concrete    30 

Asphalt   block    35 

Vitrified   brick    3G 

Granite  block 31 

Cobble-stone    28 

Sheet  asphalt   40 

Total    

•60  per  cent  good;  40  per  cent  rough. 
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four  foremen  averaging  $2.50  per  day,  and  70  laborers,  in- 
cluding car  and  wagon  drivers,  at  $1.75  per  day. 

Sheet  asphalt  streets  are  cleaned  daily,  except  Sundays, 
with  scrapers,  and  the  scrapings  placed  in  the  gutters  are 
promptly  taken  up  with  carts.  With  asphalt  block  and 
vitrified  brick  pavement,  40  per  cent  of  the  area  is  cleaned 
twice  a  week,  40  per  cent  three  times  a  week,  and  20  per 
cent  twice  a  week.  With  granite  block,  50  per  cent  is 
cleaned  twice  a  week,  20  per  cent  three  times  a  week,  and 
30  per  cent  once  a  week.  Cobble-stone  pavements  are 
cleaned  once  in  about  10  days.  The  method  of  cleaning 
asphalt  block,  vitrified  brick,  and  to  a  large  e.xtent  granite 
block,  is  by  horse  driven  sweepers,  preceded  with  sprin- 
klers, all  of  this  being  done  at  night.  Hand  brooms  and 
scrapers  are  used  in  collecting  the  sweeping  in  piles  at 
the  gutters,  and  these  are  taken  up  as  formed,  by  carts 
and  wagons  during  the  day.  Cobble-stone  is  hand  cleaned 
\yith  brooms. 

The  material  collected  from  the  streets  amounts  to  ap- 
proximately 20,000  cu.  yd.  per  year.  A  large  proportion  of 
the  sweepings  are  delivered  to  a  local  concern,  which  pays 
the  city  the  nominal  amount  of  $250  per  annum  for  same. 
This  party  picks  the  coarser  rubbish  from  the  sweepings 
and  mechanically  grinds  the  refuse  up  and  adds  a  certain 
percentage  of  cottonseed  meal  and  potash  and  sells  the 
resulting  mixture  as  fertilizer,  which  is  stated  to  be 
shipped  to  a  large  extent  into  Florida  for  truck  farming. 

Table  I  prepared  from  accurate  data  gives  the  cost  of 
cleaning  the  paved  streets  of  the  city. 

The  cost  given  above  covers  and  includes  all  labor 
involved,  care  of  live  stock,  maintenance  of  equipment, 
purchase  of  all  small  implements  and  purchase  of  other 
apparatus,  sweepers,  carts,  etc.  It  also  includes  the  cost 
of  stock  which  covers  the  replacement  of  necessary  live 
stock.  The  city  operates  and  maintains  its  own  shop  for 
repair  work,  horseshoeing,  building  of  carts  and  wagons 
and  making  repairs  to  harness,  etc.,  and  the  proper  pro- 
portion of  shop  cost  is  included  in  the  cost  of  work  noted. 
It  does  not  include  interest  on  investment  which,  if 
added,  would  increase  the  cost  not  more  than  1  per  cent. 


STATE  HIGHWAY  CONSTRUCTION  IN  MASSA- 
CHUSETTS IN  1915. 

Nearly  50  per  cent  of  the  total  mileage  of  roads  com- 
pleted in  1915  under  the  direction  of  the  Massachusetts 
Highway  Commission  were  of  the  waterbound  macadam 
and  gravel  types.  During  the  year  a  total  of  181.92  miles 
of  road  was  completed.  Of  this  60.07  miles  were  state 
highways,  44.97  miles  were  highways  under  the  provisions 
of  the  "small  town"  act,  62.32  miles  under  the  provisions 
of  acts  of  1910,  and  14.56  miles  under  provisions  of  special 
acts.     The  mileages  of  the  various  types  are  as  follows: 

Miles. 

Waterbound  macadam   23.26 

Gravel     58.60 

Sand  bo'jnd  with  oil  and  asphalt 4.13 

Bituminous    macadam*    38.62 

^\aterbound  macadam  with  oil  surface  applied 19.62 

Gravel  with  top  surface  bound  with  bituminous  binder 7.65 

Concrete    5.34 

Gravel  with  oil  surface  applied 16.61 

Warrenile     1-30 

Granite  block  on  concrete  foundation 09 

Dirt    roads    6.70 

•Macadam  with  bituminous  binder  Incorporated  in  the  top  course. 


PLACING    CONCRETE    BASE    IN    PAVEMENT 
CUTS. 

Concrete  mixers  discharging  directly  into  the  cut  en- 
abled the  city  of  Cincinnati,  0.,  to  speed  up  the  work  of 
replacing  pavements  torn  up  for  putting  in  water  mains. 


TABLE  T 

Cost  of 
cleaning  per 

Cost  of 

Cost  of 
clean- 

year, includ- 

Cost 

cleaning 

ing  1.000 

Condition 

Area  in 

Length. 

ing  removal 

per  mile 

per  1,000  sq. 

sq.  yd.,  per 

of  surface 

sq.  yd. 

miles. 

of  debris. 

per  year. 

yd.  per  year. 

cleaning. 

Good 

22.000 

1.25 

$      480 

t    422 

J22.00 

$0,204 

Good 

329,;00 

12.89 

7.361 

571 

22.36 

0.205 

Good* 

393.450 

17.00 

13.816 

813 

35.12 

0.322 

Fair 

116.962 

5.95 

4.800 

807 

41.04 

0.415 

Rough 

76.478 

4.13 

4.963 

1,203 

f4.96 

1.249 

Good 

141.319 

5.04 

12.226 

2.426 

S6.d2 

0.277 

1.079.418 


46.2fl 


{43,650 
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The  city  at  present  is  installing  about  5  miles  of  high 
pressure  water  mains  in  the  business  district.  This  work 
has  ^een  somewhat  difficult  because  of  the  heavy  traffic. 
After  the  mains  were  laid  and  the  trenches  backfilled  and 
tamped  the  mixers  were  used,  as  shown  in  accompany- 
ing illustration,  to  put  in  the  concrete  base  for  the  pave- 
ment.    By  discharging  directly   into   the  trench  a  great 
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Concrete    Mixer    Discharging    Directly    Into   Pavement   Cut. 

deal  of  shoveling  and  wheel  barrow  hauling  was  saved. 
The  mixer  was  moved  along  over  the  trench  about  10  ft. 
each  time.  The  materials  were  located  nearby  so  that 
the  loading  wheelbarrows  could  run  right  up  to  the  plat- 
form and  empty  directly  into  the  mixer. 


■r.VBLE   II.— COMPARISON   OF  TRAFFIC  IN   19U9 

1915. 


nil 

Motors. 

Runabouts    20.S 

Touring  cars   75.3 

Trucks    

Total   ?c.l 

Horse-drawn  vehicles. 

1    horse,    light 71.5 

1  horse,  heavy 49, ."5 

2  or  more  horses,  iight 4.2 

2  or  more  horses,  heavT 26.0 

Total    horse-drawn    151.0 

Total    all    kinds 217.1 


CHANGES    IN    TRAFFIC    ON    MASSACHUSETTS 
HIGHWAYS. 

That  the  traffic  using  the  roads  in  Massachusetts  is 
constantly  increasing,  but  is  changing  much  more  rap- 
idly than  it  is  increasing,  is  shown  by  the  accompanying 
table  from  the  report  of  the  Massachusetts  Highway  Com- 
mission for  1915.  Table  I  gives  a  comparison  of  traffic 
in  1912  and  in  1915  and  Table  II  gives  a  comparison  for 
1909,  1912  and  1915.  These  figures  were  obtained  by  the 
Commission  from  censuses,  taken  in  the  years  noted,  at 
stations  scattered  throughout  the  states.  In  making  a 
census  the  vehicles  actually  passing  a  station  were  counted 
for  14  hours  a  day  (7  a.  m.  to  9  p.  m.)  for  7  consecutive 
days  in  August  and  again  for  7  days  in  October. 

TABLE  I.— COMPARISON  OF  TRAFFIC  IN  1912  AND  IN  1915. 

1912  census  (156  1915  census  (192i^ 

stations).  stations). 

>.           '!^'       '*-  »ji        ^       ,c              M 

-5           •o        ca  -«        5        d            ,S 

£            -^  .    "  B          I.  ■    ""       Ai^ 

or,  (US'-         or         ■dC'^        -I^'C^, 

■<  c  <G  (^o     <;c  -^o,    d-o  fL.oS 
Motors. 

rainabouts    5,819.0  37.2  H     15.746  82     13.5  -1-122 

Touring  cars    27. 178. 5  173.5  49     73,207  380     63.0  -i-114 

Trucks     1,800.0  11.5  3       7,260  38       6.0  -i-230 

(Total     34.797.5     222.2     C3     96,213     500     82.5     -|-129 

Horse-drawn  vehicles. 

1  horse,  light S,380.0  53.5  15  6,SS0  36  6.0  —33 

1  horse,    heavy 7,458.0  47.6  14  8,412  44  7.0  —     7 

2  or  more  horses.  llRht 556.0  3.6  1  013  3  .5  —  17 

2  or  more  horses,  heavy 3,870.5  24.7  7  4,417  23  4.0  —     7 

Total   horse-drawn    20,264.5     129.4     37     20,328     106     17.5     —18 

Total   all   kinds 351.6     606     -f  72 
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PERSONALS. 

HoUie  Ford  has  been  elected  county  road  engineer  of  Greaves 
County,   Kentucky. 

M.  H.  Mooney  has  been  appointed  county  engineer  of  Grundy  Coun- 
ty. Mis.souri,  with  offices  at  Trenton,  Mo.  He  succeeds  W.  E.  Ralls, 
resigned. 

William  A.  Duff,  heretofore  engineer  of  bridges  of  the  Canadian 
Government  Rys.,  Moncton,  N.  B.,  has  been  appointed  assistant  chief 
engineer. 

W.  B.  Crawley,  Abbeville.  Ala.,  has  been  appointed  county  super- 
intendent of  roads  for  Houston  County,  Ala.,  succeeding  the  late  W. 
E.    McEachern. 

Harry  Bowers,  has  resigned  his  position  as  county  road  engineer 
of  Ohio  County.  West  Virginia,  to  become  general  superintendent  of 
the  Ball  Engineering  Co.,  Wheeling,  W.  Va. 

William  A.  Austin,  formerly  chief  engineer  of  the  Lima  Locomotive 
Corp.,  Lima,  O.,  has  formed  a  company  called  the  Austin  Engineering 
Associates.  The  firm  will  conduct  a  general  consulting  business,  with 
ofHces  in  tlie  McCormick  Bldg.,  Chicago. 

M.  W.  Serby  ^las  resigned  his  position  with  the  New  York  State 
Highway  Commission  to  become  engineer  for  the  Ochs  Construction 
Co.,  general  contractors,  Allentown,  Pa.  This  company  has  contracts 
for  the  erection  of  several  new  mills  for  the  Bethlehem  Steel  Co. 

J.  M.  Howe,  of  Houston,  Tex.,  has  been  elected  president  of  the 
Texas  Association  of  the  American  Society  of  Civil  Engineers.  The 
other  officers  are  R.  C.  Gowdy,  of  Fort  Worth,  first  vice-president;  R. 
J.  Potts,  of  Waco,  second  vice-president;  J.  F.  Witt,  of  Dallas,  secre- 
tary-treasurer. These  officers,  with  C.  H.  Chamberlin  and  J.  B.  Haw- 
ley,  retiring  and  last  retiring  president,  compose  the  Board  of  Direc- 
tors. 

Walter  Higgins  has  been  appointed  assistant  superintendent  of  the 
Victoria,  Texas,  Division  of  the  Southern  Pacific  Ry.  and  will  have 
direct  charge  of  mamtenance  of  way  matters.  Mr.  Higgins  was  gradu- 
ated from  the  civil  engineering  department  of  the  Texas  Agricultural 
and  Mechanical  College  in  1907,  and  has  been  connected  with  the  engi- 
neering department  of  the  Santa  Fe  at  Beaumont  and  the  Sap  at 
Yoakum. 

Clark  R.  Mandigo,  formerly  assistant  city  engineer  of  Kansas  City, 
Mo.,  is  now  a  member  of  the  engineering  staff  attached  to  the  Kan- 
sas City  office  of  the  Portland  Cement  Association.  Mr.  Mandigo  is 
a  graduate  of  Harvard  University  and  has  had  two  yeai'S"  experience 
on  concrete  construction  for  railroads  and  three  years'  experience  as 
superintendent  of  construction  for  the  U.  S.  War  Department.  For 
the  past  six  years  he  has  been  assistant  city  engineer  of  Kansas  City. 


OBITUARY. 

Charles  Wilcox  Hotchkiss.  chairman  of  the  board  of  directors  of 
the  Virginian  R.  R.  and  president  of  the  Chicago  Tunnel  Co.,  died  Oct. 
2S  at  Battle  Creek,  Mich.,  from  organic  heart  disease.  Mr.  Hotchkiss 
was  born  in  Unadilla  Forks,  N.  T.,  .lune  19,  1863.  At  the  age  of  20 
years  he  entered  the  employ  of  the  Pennsylvania  R.  R.  as  a  rodman: 
in  1SS6  he  became  assistant  engineer  of  the  Michigan  Central  R.  R.: 
in  1S90  he  was  appointed  division  engineer  in  charge  of  the  Chicago 
division  of  the  Michigan  Central;  in  1S96  he  became  chief  engineer 
of  the  Chicago  Junction  R.  R.  and  constructed  the  Chicago.  Hammond 
&  Western  R.  R. ;  in  1899  he  became  chief  engineer  of  the  Chicago 
Terminal  Transfer  Ry.  and  consulting  engineer  of  the  Michigan  Cen- 
tral system;  in  1000  he  became  piesident  of  the  Indiana  Harlior  R.  R. 
and  constructed  the  Indiana  Harbor  Belt  R.  R.  from  Indiana  Harbor 
around  Chicago  and  the  Chicago,  Indiana  &  Southern  R.  R.  from 
Cliicago  to  Danville.  111.  After  completing  these  roads,  in  1905,  he 
effected  their  consolidation  ^'ith  tiie  New  York  Central  system  and 
became  general  manager  of  them;  in  1912  he  became  president  of  the 
Chicago  Tunnel  Co.  and  the  Automatic  Telephone  Co.:  in  1913  he  was 
called  to  New  Y'ork  to  take  the  manageinent  of  the  H.  H.  Rogers 
properties  and  became  chairman  of  the  board  of  directors  of  the 
Virginian  R.  R.,  president  of  the  Rail  Joint  Co.  of  America,  president 
of  the  Staten  Island  Light  &  Power  Co..  president  of  the  Staten 
Island  R.  R.  and  many  otlier  power,  light  and  railroad  companies. 


INDUSTRIAL  NOTES. 

A.  M.  Anderson,  representing  the  Oshkosh  Manufacturing  Co.,  manu- 
facturer of  concrete  mixers,  portable  saw  rigs,  pumps  and  back  fillers, 
and  The  John  F.  Byers  Machine  Co.,  manufacturer  of  the  "Bvers" 
auto  crane,  hoisting  engines,  derricks,  derrick  fittings  and  material 
elevators,  has  moved  from  1440  Monadnock  Block,  Chicago,  to  605 
South  Dearborn  St.,  where  the  above  named  equipment  will  be  on 
display. 

The  Modern  Iron  Works,  manufacturers  of  water  works,  municipal 
and  gas  supplies,  Quincy.  111.,  has  organized  what  is  to  be  known  as 
a  water  w^orUs  supply  department,  through  which  it  proposes  to  fur- 
nish water  works  with  anything  they  may  require  in  tlie  way  of  mate- 
rial and  supplies  (excepting  cast  iron  pipe  and  water  meters).  The 
department  will  endeavor  to  keep  in  stock  for  shipment  the  day  orders 
are  received  sufficient  quantities  of  materials  that  are  often  required 
to  meet  an  emergency. 

Two  additional  licensees  have  been  added  to  the  family  of  the  Dunn 
Wire-Cut  Lug  Brick  Co.,  of  Conneaut,  O.  These  are  the  Streator  Clay 
Manufacturing  Co.,  Streator,  111.,  which  has  recently  completed  a  new 
plant  with  a  daily  capacity  of  60,000  paving  block;  R.  H.  Green.  Presi- 
dent; James  A.  Green.  Vice-President;  and  John  Connelly,  Secretary; 
also  the  Martinsville  Brick  Co..  of  Martinsville,  Ind..  with  a  daily  pro- 
ductive capacity  of  30.000;  E.  J.  Boston,  President;  B.  C.  Poston,  Vice- 
President;  O.  E.  Sweet,  Secretary. 
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A    PROPOSED    UNION    OF    THE    TWO    WATER 
WORKS  SOCIETIES. 

We  have  received  a  large  number  of  letters  comment- 
ing on  the  editorial  in  our  last  Water  Works  and  Hydrau- 
lic Monthly  issue,  bearing  a  title  similar  to  the  above. 

A  considerable  number  of  writers  have  requested  us 
not  to  publish  their  letters,  but  in  every  instance  except 
one  the  writers  favored  the  consolidation  of  the  New 
England  and  the  American  Water  Works  Association. 
Letters  from  other  members  of  the  two  associations  are 
published  on  following  pages,  and  it  is  significant  that 
there  are  very  few  that  oppose  a  union  of  the  two  asso- 
ciations in  some  form.  Even  the  few  who  prefer  separate 
organizations  raise  objections  that  are  by  no  means  in- 
superable. 

Mr.  Heermans  fears  that  a  consolidation  of  the  water 
works  associations  would  eliminate  the  efficient  work  of 
the  New  England  Association.  This  objection  may  be 
overcome  by  the  formation  of  local  water  works  "chap- 
ters" or  "sections,"  each  with  its  independent  chair- 
man and  secretary. 

Mr.  Batchelder  prefers  the  five  meetings  of  the  New 
England  Association  to  the  single  annual  meeting  of  the 
American  Association.  But  there  is  nothing  to  prevent, 
and  much  to  encourage,  frequent  meetings  of  the  local 
sections  of  a  national  association.  In  fact  the  "4  State 
Sections" — Delaware,  Southern  New  Jersey,  Maryland, 
and  Eastern  Pennsylvania — of  the  American  Water 
Works  Association,  holds  a  meeting  next  week,  Nov.  15, 
at  Wilmington.  Similar  meetings  could  of  course  be  held 
by  each  section  as  frequently  as  desirable,  and  we  are 
heartily  in  accord  with  Mr.  Batchelder  in  believing  that 
frequent  meetings  of  local  organizations  are  exceedingly 
useful. 

Mr.  Gwinn  suggests  that  the  consolidated  water  works 
association  be  called  the  International  Water  Works  So- 
ciety. Why  not?  The  name  should  be  broad  and  should 
be  one  that  will  not  arouse  jealousies. 

Prof.  Davis  agrees  with  us  that  some  combination  of 
local  associations  is  needed  and  that  one  of  the  objects 
of  consolidation  should  be  the  elimination  of  politics 
from  water  works  management. 

Mr.  Downes  believes  that  a  few  topical  papers  should 
be  presented  at  each  meeting,  so  as  to  arouse  the  widest 
discussion  and  exchange  of  views.  This  plan  is  par- 
ticularly effective  in  societies  whose  members  are  all 
interested  in  the  same  specialty,  and  it  should  work  ad- 
mirably in  a  water  works  society. 

Mr.  Burdick  and  Mr.  Gillespie  voice  the  need  of  a 
closer  union  of  technical  societies  that  have  important 
interests  in  common.  Speaking  specifically  of  water 
works  societies,  their  language  implies  belief  in  a  general 
affiliation  of  all  engineers  and  superintendents  of  engi- 
neering works.  This  broader  phase  of  co-operative  effort 
is  discussed  at  some  length  in  another  editorial  in  this 
issue. 

We  ask  our  readers  to  give  more  than  passing  atten- 
tion to  the  letters  from  the  men  above  named  and  from 
many  others,  on  the  following  pages.  We  shall  welcome 
even  the  briefest  expression  of  opinion  from  any  reader 
engaged  in  water  works  design,  construction  or  opera- 
tion, for  we  are  seeking  to  obtain  a  typical  consensus 
of  opinion  of  v.ater  works  men  on  the  wisdom  of  hav- 
ing one  national  water  works  society  with  local  sections 
or  chapters.    In  our  December  Water  Works  and  Hydrau- 


lics monthly  issue  more  letters  on  this  subject  will  be 
published.  We  trust  that  some  of  them  will  offer  outlines 
of  the  most  effective  form  of  a  general  society  having 
local  branches  or  sections. 


A  GREAT  FIELD  FOR  ENGINEER-PROMOTERS— 
IRRIGATION   BY    PUMPING. 

The  promotion  of  financially  sound  projects  for  im- 
proving land  should  be  easier  now  than  hitherto  for  three 
reasons:  First,  the  high  prices  for  farm  produce  assure 
large  profits  where  farming  is  efficiently  conducted  near 
centers  of  consumption.  Second,  the  rapidly  growing 
supply  of  gold  in  America  seeking  investment  makes  it 
easier  to  sell  attractive  securities.  Third,  the  "farmers' 
aid  law"  passed  by  the  last  Congress  makes  it  easier  to 
secure   long-time   loans  on   improved   farm  property. 

Engineers  who  know,  or  even  believe,  themselves  to 
be  possessed  of  the  ability  to  analyze  and  present  costs 
and  incomes  relating  to  engineering  projects  in  such  a 
manner  as  to  carry  conviction,  will  do  well  to  consider 
the  opportunity  to  promote  irrigation  projects  of  mod- 
erate size  in  the  "Great  Plains"  of  America  where  pump- 
ing can  be  effectively  applied. 

In  a  40-page  pamphlet.  Bulletin  141,  entitled  "Methods 
of  Constructing  Large  Capacity  Deep  Wells,"  issued  by 
the  American  Well  Works,  we  find  the  following  quota- 
tion from  a  recent  report  of  H.  B.  Walker,  Irrigation  En- 
gineer, Kansas  State  Agricultural  College: 

It  is  my  judgment  that  the  western  half  of  Kansas  contains  2.500,- 
000  to  n, 000. 000  acres  of  land  where  water  may  he  encountered  at 
depths  of  tiO  ft.  or  less. 

This  "Bulletin  141"  goes  on  to  point  out  that  the  Great 
Plains  contain  vast  areas  of  land  where  ample  amounts 
of  ground  water  are  available  to  piece  out  an  insufficient 
rainfall  of  about  20  in.  per  annum,  extending  all  the  way 
from  the  Dakotas  to  Texas.  The  bulletin  goes  into  con- 
siderable detail  in  describing  the  recent,  and  really  re- 
markable, development  of  a  method  of  drilling  wells  of 
large  diameter  (30  in.)  permitting  the  use  of  a  26-in. 
casing  and  a  24-in.  "deep  well  turbine  centrifugal  pump." 
Such  a  well  in  the  Great  Plains  ordinarily  supplies  enough 
water  for  160  acres. 

It  is  not  our  present  object  to  review  either  the  meth- 
ods of  driving  30-in,  wells  or  the  advantages  resulting 
from  the  large  size.  We  reserve  that  for  our  December 
Water  Works  and  Hydraulic  Monthly  issue.  What  we 
now  wish  to  emphasize  is  this  fact: 

This  new  method  of  securing  water  for  irrigating  the 
Great  Plains  economically  is  known  to  comparatively  few 
capitalists.  A  civil  engineer  possessed  of  knowledge  of 
what  has  been  already  accomplished,  and  gifted  with 
moderate  powers  of  persuasion,  should  be  able  to  pro- 
mote an  irrigation  project  of  small  size  to  begin  with  and 
thence  step  to  larger  projects. 

The  editor  has  had  enough  experience  with  irrigation 
by  pumping  to  have  great  confidence  in  the  future  devel- 
opment of  this  sort  of  irrigation.  It  can  always  be  be- 
gun on  a  small  scale,  in  which  respect  it  differs  from 
most  gravity  irrigation  projects.  Moreover — and  this  is 
of  great  importance — irrigation  by  pumping  is  applicable 
in  states  that  are  near  the  center  of  population,  whereas 
gravity  irrigation  is  applicable,  for  the  most  part,  only  in 
the  more  remote  regions. 

Engineers  who  are  interested  in  the  possibility  of  pro- 
moting irrigation  projects — small  or  large — will  do  well 
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not  only  to  study  the  bulletin  above  quoted,  but  to  secure 
some  of  the  pamphlets  on  irrigation  issued  by  the  U.  S. 
Department  of  Agriculture.  The  whole  problem  of  eco- 
nomic irrigation  is  a  fascinating  one,  and  it  offers  a  won- 
derful opportunity  for  the  engineer  who  is  also  a  pro- 
moter. 


ENGINEERING 
AND      CONTRACTING 

Gaynor's  utterances,  applied  in  the  solution  of  economic 
questions.  In  a  measure  engineers  are  to  blame  for  per- 
mitting such  sophistry  to  go  so  often  unchallenged. 


THE  INSUFFICIENCY  OF  THE  RETURN  ON  THE 

INVESTMENT   IN    NEW   YORK   CITY'S 

WATER  WORKS. 

In  his  report  for  1915,  William  Williams,  Commissioner 
of  Water  Supply,  says  that  the  "estimated  value"  of  New- 
York  City's  present  water  supply  system  is  $227,000,000 
and  that  the  new  Catskill  system  will  add  more  than 
$130,000,000  to  the  investment,  making  a  total  of  fully 
$357,000,000. 

The  gross  earnings  for  1915  were  about  $13,000,000, 
and  operating  expenses,  maintenance  and  taxes  were 
about  $4,500,000,  leaving  net  earnings  of  $8,500,000,  or 
less  than  4  per  cent  on  the  $227,000,000  "value,"  or  less 
than  2.5  per  cent  on  the  $357,000,000  even  if  the  operat- 
ing and  maintenance  e.xpenses  were  not  to  increase,  as 
they  will,  when  the  Catskill  system  is  put  into  use. 

What  the  depreciation  on  this  vast  investment  will  be 
probably  nobody  knows.  Were  it  as  low  as  1  per  cent, 
it  would  reduce  the  true  net  earnings  to  less  than  $5,000,- 
000,  or  not  quite  1.5  per  cent  on  the  investment! 

Mr.  Williams  urges  metering  all  services  and  the  co- 
incident abandonment  of  the  "discriminatory  frontage 
rate  system."  May  we  not  add  that  any  system  of  rates 
of  charge  will  be  discriminatory  unless  it  yields  at  least 
a  4  per  cent  interest  return  on  the  entire  investment? 

To  secure  net  earnings  amounting  to  4  per  cent  after 
setting  aside  a  1  per  cent  depreciation  annuity  would 
involve  doubling  the  present  revenue  from  operating  the 
water  works.  Evidently  the  consumers  of  water  in  New 
York  are  not  "footing  the  bill"  by  quite  a  margin. 

The  same  sort  of  a  condition  exists  in  Philadelphia, 
and  we  doubt  not  that  it  also  exists  in  every  other  large 
city  in  America — a  condition  of  insufficient  payment  for 
water  consumed. 


"THE   GREATEST   OBJECTION   TO   THE   WATER 
METER." 

Mayor  Gaynor  opposed  universal  metering  in  New 
York  City  on  the  ground  that  there  would  be  a  general 
cutting  down  on  the  amount  of  water  used  for  bathing 
purposes.  We  are  surprised  to  find  the  New  York  "Eve- 
ning Sun"  endorsing  this  argument: 

The  greatest  objection  to  the  meter  is  the  one  advanced  by  Mayor 
Gaynor,  however.  The  city  administration  which  made  the  change 
without  assuring  itself  that  his  appreliension  was  groundless  would 
assume  a  grave  responsibility. 

How  "grave"  the  responsibility  really  is  can  fortu- 
nately be  established  by  the  use  of  a  little  arithmetic. 
A  bath  tub  of  water  ordinarily  contains  less  than  50  gal. 
The  weekly  bath  that  the  average  person  is  presumed 
to  take  would  therefore  involve  the  use  of  7  gal.  a  day. 
A  change  of  15  ct.  per  1,000  gal.  would  make  a  bath  cost 
three-quarters  of  a  cent.  Hence  the  price  of  a  bath  at  a 
relatively  high  meter  rate  would  certainly  deter  no  per- 
son from  taking  it;  but  it  should  be  remembered  that 
metering  does  not  necessarily  increase  the  monthly  bill 
for  water.  On  the  contrary,  through  the  reduction  of 
water  waste  effected  by  meters,  the  cost  to  the  domestic 
consumers   is  made  considerably  less. 

In  a  city  using  200  gal.  per  capita  per  day,  not  5  per 
cent  of  the  water  is  used  for  bathing  and  washing  pur- 
poses, whereas  50  per  cent  is  wasted.  Evidently,  then, 
since  most  of  the  waste  can  be  prevented  by  metering 
all  services,  the  saving  will  be  so  great  that  several 
times  as  many  baths  as  are  now  taken  would  cost  no 
more  than  the  present  cost  of  water. 

It  would  be  well  were  mayors  and  city  councilmen  to 
accustom  themselves  to  solving  economic  problems  of 
this  character  by  the  use  of  numerical  data  which  civil 
engineers  can  readily  supply.  We  have  had  altogether 
too   much   of   "the   hot   air   method,"    typified   by   Mayor 


SHALL    THERE    BE    A    FEDERATION    OF    ALL 
CIVIL  ENGINEERING  SOCIETIES? 

The  number  of  societies  of  a  civil  engineering  nature 
is  large,  and  growing  larger.  Protests  against  further 
increment  in  the  number  are  quite  futile,  for  greater  spe- 
cialization inevitably  begets  new-  associations  of  men 
corresponding  to  the  "specialties"  that  they  represent. 
This  is  evolution,  but  it  is  not  all  of  evolution,  for  as 
Herbert  Spencer  puts  it:  Evolution  involves  differen- 
tiation and  concomitant  integration. 

Differentiation  has  been  at  work  for  many  years  in 
producing  numerous  engineering  societies.  We  are  about 
to  experience  an  integration  that  will  federate  the  many 
independent  organizations  of  engineers  into  a  powerful 
association,  while  at  the  same  time  each  of  the  compo- 
nent societies  will  preserve  most  of  its  individuality. 
The  threat  of  war  has  been  instrumental  in  bringing 
all  American  engineers  to  a  keener  appreciation  both  of 
their  power  and  of  the  dependence  of  the  public  upon 
them.  The  recently  completed  inventory  of  the  nation's 
industrial  resources  available  for  war  purposes — an  in- 
ventory made  by  engineers — has  focused  public  atten- 
tion upon  engineers.  But,  what  is  equally  important,  it 
has  focused  the  engineer's  attention  upon  himself,  and 
has  led  him  to  study  his  relation  to  the  nation.  Each 
engineer  now  sees  himself  as  one  of  a  hundred  thousand 
men,  highly  trained  in  the  application  of  science,  whose 
strength  is  partly  unavailing  because  the  public  does 
not  yet  fully  recognize  the  power  of  science.  He  asks 
himself.  How  am  I  to  yield  the  service  of  which  I  am 
capable?  And  he  is  beginning  to  answer  himself  thus: 
First,  I  must  join  with  all  my  fellow  engineers  in  teach- 
ing the  public  what  engineering  is,  and  what  it  can  be- 
come when  adequately  supported  in  its  effort  to  benefit 
mankind.  This  sort  of  publicity  is  essential  to  more 
rapid  industrial  and  social  progress.  It  is  not  a  work 
that  isolated  and  relatively  small  bodies  of  engineers 
can  effectively  perform  unaided.  It  demands  the  united 
effort  of  a  great  many  men.  A  hundred  thousand  engi- 
neers tugging  at  the  rope  is  none  too  many  to  pull  the  • 
hundred  million  public  into  the  light  of  a  better  knowl- 
edge. 

The  public  is  in  a  mood  receptive  to  articles  that  set 
forth  the  claims  of  engineers.  Witness  the  nation-wide 
interest  in  scientific  masagement — a  term  coined  by  en- 
gineers, and  a  system  exploited  first  by  engineers.  Wit- 
ness the  growing  regard  for  the  "city  manager"  vice  the 
old-time  mayor  and  council,  and  remember  that  the  first 
"city  manager"  was  an  engineer,  and  nearly  all  "city 
managers"  are  engineers.  Witness  the  syndicated  writ- 
ings in  the  daily  press  by  such  men  as  Dr.  Frank  Crane, 
who  recently  said: 

The  man  of  the  future  will  be  the  engineer. 

He  is  the  mar  who  can  do  things;  and  is  better  than  the  man  who 
owns  things. 

Some  day  little  boys  will  read  that  the  world  once  had  millionaire? 
and  huge  private  wealth  units,  just  as  they  will  one  day  read  and 
wonder  that  men  once  had  kings. 

But  the  official  who  will  forever  be  indispensable  is  the  engineer. 

The  time  will  cohie  when  the  President  of  the  United  States  will 
be  chosen  as  the  man  who  has  the  greatest  talent  and  skill  in  organ- 
izing public  works.  There  will  be  no  more  politics  in  his  selection 
than  there  is  now  in  ctioosinj  the  master  mechanic  of  a  railway  or 
factoiT, 

We  need  the  engineer  to  arrange  the  transportation  of  people  and 
goods  from  place  to  place  without  waste,  without  competition,  withoin 
graft,  looking  only  to  the  public  good. 

We  need  the  engineer  to  get  meat,  bread,  and  milk  from  farm  toj 
citizen  without  the  present  inefficient  tangle  of  trusts  and  middlemen 
working  at  cross  purposes. 

We  need  the  engineer  to  turn  the  public  enterprise  toward  build - 
■ng  good  roads  and  bridges,  instead  of  enriching  a  few  shrewd  manip- 
ulators. 

We  need  the  engineer  to  manage  a  city  as  economically  and 
smoothly  as  if  It  were  a  manufacturing  plant. 

We  need  the  engineer  to  organize  the  farmers  so  that  a!!  can  work 
together  for  each,  and  their  products  be  marketed  without  being  preyed 
upon  at  very  step  of  the  way  from  farm  to  household. 
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W.?alth  can  be  taken  away  from  us.  But  the  power  to  do  things 
cannot  be  taker  away. 

The  niiUionalres  coiild  go  and  not  be  missed.  The  engineers  we 
•.mnot  spare. 

While  Dr.  Crane  may  be  a  bit  blind  to  the  real  worth 
of  the  "millionaire"  to  society,  it  is  undeniable  that  so- 
ciety has  been  very  blind  to  the  real  worth  of  engineers. 
To  operate  on  the  cataract  that  darkens  the  public  eye, 
Dr.  Crane  is  evidently  anxious,  but  he  can  not  be  suffi- 
ciently effective  alone. 

Engineers  of  broad  vision,  like  William  L.  Saunders, 
President  of  the  Ingersoll-Rand  Drill  Co.,  are  seeking 
means  to  unite  engineers  in  an  effort  "to  bring  the  en- 
gineer forward  to  a  position  of  influence  in  the  affairs 
of  government." 

Much  can  be  effected  along  this  line  by  local  engi- 
neering societies,  but  it  is  evident  that  a  great  deal 
more  can  be  accomplished  when  engineers  are  organ- 
ized nationally  in  such  a  manner  that  all  engineering  so- 
cieties are  federated. 

As  a  preliminary  step  to  such  a  general  federation 
there  should  come  a  union  of  all  societies  of  a  civil  en- 
gineering nature.  We  do  not  presume  at  this  time  to 
indicate  the  exact  nature  of  the  union.  It  seems  likely 
that  all  existing  societies  that  do  not  compete  with  one 
another  should  preserve  their  autonomy,  at  least  in  large 
measure. 

Whatever  the  plan  it  should  be  one  that  will  keep  down 
the  membership  dues  and  place  few  restrictions  upon 
the  qualifications  for  membership  in  the  federated  so- 
ciety.    Comment  by  our  readers  will  be  welcomed. 


HOW   TO   ELIMINATE    POLITICIANS    FROM 
WATERWORKS  MANAGEMENT. 

The  construction  and  maintenance  of  streets,  sewers 
and  water  works  require  engineering  supervision  if  there 
is  to  be  secured  a  high  degree  of  efliciency.  Even  the 
dullest  city  councilman  will  concede  that  much  to  the 
civil  engineer.  ,  It  is  but  a  step  further  along  the  same 
logical  path  to  the  generalization  that  a  city  water 
works  should  be  managed  by  a  man  of  technical  rather 
than  political  experience. 

Philadelphia's  great  "reform  mayor,"  Blankenburg,  was 
quick  to  appreciate  this  fact.  He  appointed  a  civH  en- 
gineer, Carleton  E.  Davis,  to  be  chief  of  the  water  works 
department  in  place  of  the  politician  who  had  held  the 
office.  Some  years  previously  the  business  men  of  Phil- 
adelphia, led  by  John  Wanamaker,  had  secured  the  ap- 
pointment of  an  army  engineer.  Major  Cassius  E.  Gil- 
lette, to  the  same  position,  but  eventually  the  politicians 
ousted  him.,  just  as  they  had  previously  ousted  John 
Trautwine,  Jr. 

In  Philadelphia  there  has  been  an  unceasing  struggle 
on  the  part  of  the  business  men  to  secure  a  competent 
and  honest  administration  of  water  department  affairs, 
but  the  "spoils  politicians"  have  invariably  succeeded 
eventually  in  replacing  a  civil  engineer  head  of  the  de- 
partment by  an  incompetent  politician.  At  last,  however, 
there  seems  to  be  a  fair  chance  of  retaining  an  engineer 
in  this  position  through  more  than  one  political  admin- 
istration. 

In  many  a  small  city  in  America  ignorant  and  incom- 
petent men  are  in  control  of  the  water  works.  If  even 
one  agggressive  civil  engineer  in  such  a  city  were  to 
join  its  Chamber  of  Commerce  and  arouse  the  business 
men  of  the  town  to  the  need  of  engineering  manage- 
ment of  the  water  works,  there  is  little  doubt  that  a 
change  could  be  effected.  Although  we  urge  united  ac- 
tion on  the  part  of  engineers  in  public  matters,  it  should 
be  realized  that  individual  action  is  also  necessary. 
Moreover,  individual  action  usually  brings  results 
quicker,  although  the  results  may  not  be  imposing  in 
their  character  or  number. 

In  a  small  •community  one  strong  man  who  has  a  sound 
public  policy  to  exploit  will  rapidly  gain  a  following. 
Wait  not,  therefore,  till  all  civil  engineers  are  united  in 
an  effort  to  displace  politicians  from  water  works  man- 
agement, and  the  like,  but  "start  something"  yourself 
XOW. 
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"IT  MARKS  THE  ENTRANCE  OF  THE  ENGINEER 

INTO  GOVERNMENTAL  AFFAIRS."— 

PRESIDENT  WILSON. 

The  last  Congress  created  a  "council  of  national  de- 
fense," and  provided  for  an  advisory  commission  to  b« 
associated  with  the  council.  In  appointing  the  seven 
members  of  the  advisory  commission — or  "efficiency 
board"  as  some  newspapers  term  it — President  Wilson 
gave  out  a  statement,  from  which  we  quote  below.  The 
appointees  are:  Daniel  Willard,  president  of  the  Balti- 
more &  Ohio  R.  R. ;  Samuel  Gompers,  president  of  th« 
American  Federation  of  Labor;  Dr.  Franklin  H.  Martin, 
Chicago;  Howard  E.  Coffin  of  Detroit;  Bernard  Baruch, 
New  York;  Dr.  Hoilis  Godfrey,  Philadelphia;  Julius 
Rosenwald,  Chicago. 

The  Council  of  National  Defense  has  been  created  becau-se  the 
Congress  h.is  re-.lize-J  that  the  country  is  best  prepared  for  war  when 
thoroughly  prepared  for  peace.  From  an  economic  point  of  view  there 
is  now  very  little  difference  between  the  machinery  required  for  com- 
mercial efficiency  and  thit  required  for  military  purposes.  In  both 
cases  the  whole  industrial  mechanism  must  be  organized  in  the  most 
elTective  way.  Upon  this  conception  of  the  national  welfare  the  coun- 
cil is  organized,  in  the  words  of  the  act,  for  "the  creation  of  relations 
which  will  render  possible  In  time  of  need  the  immediate  concentration 
and  utilization  of  the  resources  of  the  nation."  The  organization  of 
the  council  llltewise  opens  up  a  new  and  direct  channel  of  communica- 
tion and  co-operation  between  business  and  scientific  men  and  all  de- 
p.irtments  of  the  government,  and  it  is  hoped  that  it  will,  in  addition, 
beco^ne  a  rallying  point  for  civic  bodies  working  for  the  national  de- 
fense. 

The  council's  chief  functions  are: 

1.  The  co-oidinaticn  of  all  forms  of  transportation  and  the  develop- 
ment of  means  of  transportation  to  meet  the  military,  industrial  and 
commercial  needs  of  the  nation. 

2.  The  extension  of  the  industrial  mobilization  work  of  the  Com- 
mittee on  Industrial  Preparedness  of  the  Naval  Consulting  Board. 
Complete  Information  as  to  our  present  manufacturing  and  producing 
facilities  adaptable  to  many-sided  uses  of  modern  warfare  will  be  pro- 
cured, analyzed  and  made  use  of. 

One  of  the  objects  of  the  council  will  be  to  inform  American  manu- 
facturers as  to  the  part  which  they  can  and  must  play  in  national 
emergency.  It  is  empowered  to  establish  at  once  and  maintain  through 
subordinate  bodies  of  specially  qualified  persons  an  au.xiliary  organiza- 
tion composed  of  men  of  the  best  creative  and  administrative  capac- 
ity, :;apable  of  mobilizing  to  the  utmost  the  resources  of  the  country. 

The  personnel  of  the  council's  advisory  members,  appointed  with- 
out regard  to  party,  marks  the  entrance  of  the  non-partisan  engineer 
and  professional  man  into  American  governmental  affairs  on  a  wider 
scale  than  ever  before.  It  is  responsive  to  the  increased  demand  for 
and  need  of  business  organization  in  public  matters  and  for  the  pres- 
ence there  of  the  best  specialists  in  their  respective  fields.  In  the  pres- 
ent instance  the  time  of  some  of  the  members  of  the  Advisory  Board 
could  not  be  purchased.  They  serve  the  government  without  remu- 
neration, efficiency  being  their  sole  object  and  Americanism  their  only 
motive. 


EDITORIAL  COMMENT. 


The  du  Ponts,  of  powder  fame,  are  said  to  have  on 
their  payroll  2,000  chemists,  who,  among  other  things, 
are  conducting  research  work  preparatory  to  giving  Ger- 
many a  "run  of  its  money"  in  the  production  of  dyes. 


The  City  Managers'  Association  holds  its  annual  con- 
vention Nov.  21  to  2.3  at  Springfield,  Mass.  For  the  large 
city  the  "commission  form  of  government"  is  showing 
increasing  popularity.  For  the  small  city  the  "city  man- 
ager plan"  is  evidently  a  preferable  solution  of  the  prob- 
lem of  executive  control  of  municipal  affairs.  Ports- 
mouth, Va.,  a  city  of  33,000  in  1910,  has  just  called  for 
applications  for  the  position  of  city  manager.  It  may 
not  be  long  before  the  majority  of  small  cities  in  Amer- 
ica will  do  likewise. 


There  are  in  Philadelphia  this  year  610  little  farms 
on  vacant  lots,  upon  which  poor  families  have  grown  an 
average  of  $300  to  the  acre,  according  to  Girard  in  the 
Philadelphia  Ledger.  He  cites  one  farmer  lad  of  83, 
Jonathan  Fly,  who  "coaxed  at  the  rate  of  $900  out  of  an 
acre."  Yet  nearly  all  water  works  managers  are  so  dead 
to  the  possibilities  of  selling  water  for  irrigation  that 
achievements  like  this  occur  in  spite  of  their  aid. 
Girard  adds  that  these  small  farmers  within  the  city  lim- 
its frequently  raise  two  or  three  crops  in  a  season  off 
the  same  plot. 
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ENGINEERING 
AND      CONTRACTING 


LETTERS  TO  THE   EDITOR  CONCERNING  A  UNION 
OF  THE  TWO  WATERWORKS  SOCIETIES. 

Please  accept  congratulations  on  your  article  in  the 
issue  of  Oct.  11  in  regard  to  the  amalgamation  of  the 
New  England  and  the  American  Water  Works  Associa- 
tions. In  these  days,  when  so  much  attention  is  given 
to  efficiency,  it  is  unfortunate  that  the  two  leading  water 
works  associations  have  not  been  combined.  A  combi- 
nation would  mean  greater  efficiency  and  an  enlarge- 
ment of  influence. 

With  one  large  or  parent  water  works  association,  and 
as  many  sections  as  may  be  necessary,  more  and  better 
work  could  be  done  than  at  present  and  at  a  much  less 
cost. 

As  there  would  be  no  objections  to  the  continuation- 
of  either  society,  the  writer  w'ould  suggest  that  a  new 
one  be  formed  to  take  over  the  old  ones,  under  the  name 
of  the   International  Water  Works   Society. 

Dow  R.  Gwinn, 
President  and  Manager  Terre  Haute  Water  Works  Co. 

Terre  Haute.  Ind. 


For  many  years  I  have  been  a  member  of  both  socie- 
ties. "Old  jealousies,"  if  they  exist,  are  not  of  general 
interest  to  the  profession  and  should  not  be  permitted 
to  interfere  with  the  consolidation  of  the  two  societies 
into  one  strong  organization  for  the  benefit  of  all  con- 
cerned. Clarence   W.    Hubbell, 

Consulting  Engineer. 

Detroit,  Mich. 


I  have  read  with  interest  your  article  on  the  consolida- 
tion of  the  two  water  works  associations.  While  there 
might  be  many  advantages  in  that  action,  there  would 
be  some  considerable  disadvantages. 

The  New  England  Waterworks  Association  is  fortunate 
in  being  comparatively  a  compact  association.  The  mem- 
bers have  meetings  five  times  during  the  year  in  addition 
to  a  June  outing  and  a  convention  in  September.  To 
my  mind  the  advantage  of  those  meetings  is  superior  to 
that  of  an  association  which  meets  only  in  annual  con- 
ventions. 

I  also  believe  that  one  association  would  be  so  large 
and  widely  scattered  in  its  membership  as  to  be  un- 
wieldy. Geo.  W.  Batchelder, 

Water  Commissioner. 

Worcester,  Mass. 


I  am  not  intimately  enough  connected  with  the  guid- 
ing powers  of  either  organization  to  speak  first  hand  of 
the  petty  jealousies  said  to  exist,  but  it  devolves  from 
the  very  rudiments  of  human  nature,  which  are,  after 
all,  but  little  effected  by  any  amount  of  "culture,"  that 
such  jealousies  do  exist.  It  is,  therefore,  probably  use- 
less to  talk  of  either  organization  absorbing  the  other, 
however  desirable  the  result  might  be. 

The  only  hope,  I  believe,  lies  in  the  appointment  of  a 
commission  from  each  association  to  form  a  new  organ- 
ization with  a  distinctive  name,  of  which  organization 
all  members  of  the  present  societies  shall  automatically 
become  members.  It  being  agreed  that  on  formal  organ- 
ization of  the  new  society  in  general  convention  the  old 
organizations  shall  automatically  cease  to  exist. 

There  is  a  feature  of  the  economic  waste  not  men- 
tioned in  either  of  your  editorials,  and  that  is  the  dupli- 
cation of  papers  on  the  same  subject.  The  aim  of  these, 
as  of  all  other  societies,  seems  to  be  to  bring  to  the 
convention  the  greatest  possible  number  of  papers,  with 
the  result  that  few  of  them  are  half  read  and  none  of 
them  are  allotted  adequate  time  for  discussion.  The  dis- 
cussion elicited  by  a  paper  constitutes  its  real  value. 
Yet  people  who  have  been  specially  invited  to  prepare 
a  paper,  or  to  discuss  one,  are  repeatedly  greeted  with  a 
snapping  of  watches  and  an  atmosphere  of  disquiet  and 
hurry  which  is,  to  say  the  least,  a  poor  reward  for  the 
work  and  time  given  to  the  preparation  of  such  papers. 
Much  good  discussion  could  undoubtedly  be  brought  out 
from  "the  men  on  the  jobs"  who  have  not  been  specially 


invited  to  talk,  were  it  not  for  the  fact  that  they  feel 
utterly  squelched  and  shoved  off  the  board  by  the  con- 
stant sense  of  being  hurried  on  to  the  next  number  on 
the  program. 

As  stated  this  is  a  failing  not  peculiar  to  the  two  so-        I 
cieties    under   discussion,   but   one    inherent  to   all   such        | 
organizations,  and  one,  the  elimination  of  which,  should 
be  given  the  most  profound  consideration  in  any  scheme 
for  a  united  organization. 

I  believe  that  a  little  real  thought  given  to  this  sub- 
ject might  result  in  the  grouping  of  discussions  about  a  • 
few  topical  papers   (say  not  more  than  one  to  a  half  day 
session)   in  place  of  the  wild  efforts  to  secure  enormous 
numbers  of  papers  with  which  to  fill  the  program. 

John  R.  Downes, 
President  New  Jersey  Sewage  Works  Association. 

Plainfield,  N.  J. 


As  an  old  member  of  both  water  works  associations,  I 
am  opposed  to  the  consolidation  proposed  in  your  recent 
editorial.  As  a  practical  water  works  operator,  of  small 
plants.  I  have  obtained  very  valuable  information  from 
the  meetings  and  the  printed  proceedings  of  these  asso- 
ciations. 

The  real  value  of  any  association  results  from  the 
activity  and  work  of  its  members.  This  work  devolves 
largely  upon  the  officers,  who  use  the  initiative  in  se- 
curing the  co-operation  of  leading  associates  and  emi- 
nent men  in  the  profession. 

The  New  England  Water  Works  Association  has  per- 
formed unique  service  in  its  quarterly  meetings,  bring- 
ing forth  articles  and  data  and  reports  on  development 
work,  the  result  alone  of  the  activity  of  its  officials.  Will 
you  now  by  consolidation  of  this  efficient  organization 
with  the  American  Water  .Works  Association  eliminate 
the  good  work  of  the  former?  Each  of  these  organiza- 
tions has  its  own  field  and  does  a  good  work  for  its  mem- 
bers. By  all  means  do  not  break  up  the  activity  or  the 
initiative  of  either  by  consolidation.  They  are  rival  or- 
ganizations, each  a  stimulus  for  the  other.  Let  the  good 
work  go  on,  we  are  satisfied. 

Harry  C.   Heermans, 
President  and  Manager  Hoquiam  Water  Co. 

Hoquiam,  Wash. 


Permit  me  to  commend  in  the  strongest  terms  your  re- 
cent editorial  agitating  amalgamation  of  the  two  large 
water  works  associations  in  this  country.  As  a  mem- 
ber of  both  I  can  see  no  real  advantage  in  the  separate 
existence  of  the  two.  Local  pride  and  jealous  considera- 
tions are  no  doubt  the  strongest  factors  which  keep 
them  apart. 

I  believe  this  to  be  an  extremely  far-reaching  move- 
ment which  will  ultimately  eliminate  a  vast  number  of 
locally  existing  engineers'  societies  as  such  and  result 
in  their  absorption  by  a  national  association  closely  al- 
lied in  specialistic  aim.  Such  societies  as  now  exist  will 
doubtless  become  branches  of  a  parent  association. 

In  order  to  reduce  the  size  of  the  printed  volumes  of 
the  national  society,  only  the  best  papers  presented  lo- 
cally should  be  there  printed,  a  competent  board  of  re- 
view to  pass  on  the  fitness  of  articles  for  publication. 

I  trust  that  the  movement  may  succeed. 

C.  G.  Gillespie, 
Director  Bureau  of  Sanitary  Engineering,  California 
State  Board-  of  Health. 

Berkeley,  Cal. 


As  you  are  probably  aware,  I  am  now  a  member  of 
the  American  Water  Works  Association,  consequently  it 
is  possible  that  an  expression  coming  from  myself  would 
be  considered  one-sided.  However,  I  agree  with  the  sen- 
timent expressed  in  your  editorial. 

I  never  have  been  able  to  see  any  reason  for  two  asso- 
ciations and  have  often  wondered  what  real  difficulty 
was  in  the  way  of  efforts  which  I  know  have  been  made 
to   combine  the  two   associations. 

In    addition   to   the   reasons   which   you   have   yourself 
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given  for  combination  of  these  two  organizations  it  ap- 
pears to  me  that  the  policy  on  a  number  of  questions 
in  which  there  seems  to  have  been  disagreement  between 
the  two  associations  could  have  been  settled  much  easier 
if  all  the  members  belonged  to  one  association;  and  the 
prestige  of  such  a  large  body  of  trained  men  behind 
questions  of  vital  interest  could  certainly  be  made  a 
great  power  for  good  not  alone  for  water  works  men,  but 
for  the  water  consuming  public  in  general. 

Chas.  F.  Barrett, 
Superintendent  of  Waterworks. 
Salt  Lake  City,  Utah. 


You  have  my  most  hearty  support  in  your  efforts  to 
bring  about  the  consolidation  of  these  two  societies.  I 
hope  the  day  is  not  far  di.stant  when  all  the  water  works 
organizations  in  the  country  will  be  branches  of  the 
American  Water  Works  Association.  However,  if  it 
would  be  necessary  to  organize  under  another  name,  I 
would  be  willing  that  that  should  be  done. 

I  would  be  very  glad  indeed,  to  see  the  consolidation 
of  our  engineering  societies,  for  there  are  many  mat- 
ters very  important  to  engineers  that  are  engineering 
matters  rather  than  matters  of  civil  engineering,  elec- 
trical engineering,  mechanical  engineering,  or  the  various 
other  branches  of  the  profession.  If  consolidation  could 
be  brought  about,  it  would  greatly  increase  the  value  of 
the  papers  and  the  discussion,  for  all  the  specialties  of 
engineering  overlap  to  a  certain  extent. 

The  efforts  of  your  paper  to  bring  about  the  consolida- 
tion of  the  water  works  association  or  the  engineering 
societies  will  have  my  most  hearty  support  and  the  sup- 
port of  many  of  my  friends.  Chas.  B.  Burdick, 

Consulting  Engineer. 
Chicago,  111. 


I  was  the  first  junior  editor  of  the  Journal  of  the  New' 
England  Association  and  supervised  the  printing  of  the 
first  few  numbers.  It  is  evident  therefore  that  my  ex- 
perience, my  interest  and  my  sympathies  are  with  the 
New  England  Association,  although  it  is  something  like 
30  years  since  I  ceased  to  have  any  active  connection 
with  it. 

It  seems  to  me  that  there  are  certain  things,  and  the 
annual  exhibition  is  of  course  one  of  them,  which  can 
be  done  much  better  through  one  national  association 
that  it  is  now  done  by  two  separate  organizations.  I 
am  quite  ready  to  believe  also  that  a  movement  to  di- 
vorce water  works  management  from  politics  could  be 
more  efliciently  handled  through  one  national  associa- 
tion and  a  little  time  for  careful  consideration  will  un- 
doubtedly bring  out  other  ends,  which  can  be  best  at- 
tained through  centralized  effort. 

On  the  other  hand,  as  one  of  our  ex-presidents  is  fond 
of  saying,  I  am  quite  sure  that  this  country  with  its 
magnificent  distances  is  too  widespread  to  make  it  possi- 
ble for  any  one  association  to  do  all  that  water  works 
men  can  do  for  each  other  by  co-operation  and  frequent 
personal  contact.  If  there  is  to  be  a  national  associa- 
tion there  should  be  local  chapters  and  one  of  those 
chapters  would  surely  cover  the  New  England  field. 
During  the  winter  months,  monthly  meeting  are  well 
worth  while  and  obviously  monthly  meetings  of  a  na- 
tional association  would  be  impracticable.  The  forego- 
ing ideas  might  with  a  little  time  for  thought  be  worked 
out  in  detail,  but  strong  as  my  sentimental  interest  is  in 
water  works  engineering,  my  practical  interest  ended  so 
long  ago  that  I  am  hardly  competent,  even  if  I  had  the 
time,  to  take  part  in  that  careful  consideration  of  details 
which  will  be  necessary  if  the  proposed  consolidation  is 
to  be  made  effective.  Wm.  R.  Billings. 

New  York  Citv. 


There  is  undoubtedly  much  duplication  of  effort  and 
loss  of  efficiency  due  to  the  lack  of  co-operation  between 
the  associations.  The  holding  of  a  single  convention  of 
water  works  men  and  the  publication  of  a  single  journal 
are  greatly  to  be  desired  and  would  doubtless  result  in 
increased  interest  and  enlarged  membership  in  the  water 
works  societies.  The  ridding  of  water  works  manage- 
ment of  political  interference  and  other  matters  of  simi- 
lar nature  can  also  best  be  done  by  a  strong  national 
society.  Some  form  of  co-operation  is  therefore  desira- 
ble. 

It  is  the  opinion  of  the  writer,  however,  that  a  merg- 
ing of  the  two  associations  into  one  would  result  in  the 
slackening  of  effort  of  many  of  the  progressive  spirits  in 
one  or  the  other  of  the  two  organizations.  The  identity 
of  the  New  England  Water  Works  Association  should 
therefore  be  maintained  as  a  distinct  organization  and 
the  establishment  of  water  works  societies  encouraged  in 
other  sections  of  the  country  where  the  climatic,  eco- 
nomic and  political  conditions  are  greatly  different  from 
those  in  New  England. 

Some  form  of  organization  could  be  worked  out  which 
would  allow  the  American  Water  Works  Association,  the 
New  England  Water  Works  Association,  the  Illnois 
Water  Supply  Association  (which  is  now  affiliated  with 
the  American  Water  Works  Association^  and  other  so- 
cieties to  co-operate  along  lines  where  interests  are  mu- 
tual and  where  economy  of  effort  would  result  without 
stifling  the  pride  in  local  associations  which  is  produc- 
tive of  much  efficient  work. 

Geo.  Jacob  Davis,  Jr., 

Dean,  College  of  Engineering,  University  of  Alabama. 

University   P.    0.,    Alabama. 


The  proposed  consolidation  of  the  New  England  Water 
Works  Association  and  the  American  Water  Works  As- 
sociation discussed  in  your  editorial  of  Oct.  11  should 
receive  the  thoughtful  consideration  of  the  water  works 
fraternity. 


I  have  been  a  member  of  the  New  England  Water 
Works  Association  for  many  years,  and  while  being  un- 
able to  attend  most  of  its  annual  convention  junkets,  I 
have  tried  to  attend  as  many  of  its  monthly  winter 
meetings  in  Boston  as  possible,  feeling  that  I  cannot 
afford  to  miss  the  profit  gained  by  an  interchange  of 
practical  experiences  with  other  water  works  officials 
with  whom  I  rub  elbows  at  these  meetings. 

My  opinion,  derived  by  long  observation,  is  that  a  large 
consolidation  does  not  benefit  the  many  smaller  officials 
(to  use  this  term)  so  much  as  it  furnishes  opportunity 
for  the  larger  officials  and  technical  men  to  exploit  and 
advertise  themselves  over  the  heads  of  the  many  prac- 
tical water  works  men  who  need  more  the  friendly  in- 
terchange of  experiences  and  how  each  of  them  have 
overcome  everyday  practical  difficulties  arising  in  their 
work. 

In  these  days  the  term  "efficiency"  is  a  much  abused 
one,  and  is  liable  to  run  to  e.xtremes  if  in  the  craze  to 
realize  it  the  effect  should  be  to  destroy  or  minimize  the 
initiative  and  individuality  of  the  worker,  upon  whom 
the  final  result  always  depends. 

On  page  312  of  your  magazine  (the  page  following 
your  editorial)  the  meat  of  this  whole  movement  for  con- 
solidation is  expressed  in  the  heading  of  the  first  arti- 
cle, entitled  "Why  Have  Two  Water  Works  Shows"?  and 
the  term  "shows"  is  therein  used  in  several  places.  The 
whole  movement  appears  to  me  to  be  only  another  at- 
tempt of  the  associate  members  (whom  I  esteem  very 
highly)  at  economizing  of  expense  in  making  exhibits 
of  water  works  appliances  at  conventions.  This  is  a 
proper  and  laudable  effort  to  make  on  their  part  and 
from  their  point  of  view. 

But  I  submit  that  the  majority  of  the  practical  water 
works  men  who  attend  meetings  and  conventions  do  so 
for  the  principal  reason  that  they  can  meet  each  other, 
listen  to  instructive  papers  and  exchange  experiences,  as 
before  noted,  to  the  great  profit  and  broadening  of  view 
in  the  grasp  of  their  official  duties. 

I  am  not  attempting  to  decry  in  the  least  the  great 
advantages  gained  also  in  seeing  the  exhibits  of  water 
works  machinery  and  supplies,  but  if  it  came  to  the  final 
question  of  doing  without  the  one  or  the  other,  then  the 
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latter  would    umjuestionably   affect   such   gatherings   the 
least. 

As  for  the  supposed  existence  of  "old  jealousies"  be- 
tween the  two  associations,  as  expressed  in  your  edi- 
torial, I  can  say  that  from  my  experience  and  observa- 
tion I  believe  very  little  in  such  "jealousies"  existing  to 
the  extent  that  some  would  have  us  think. 

This  country  of  ours  is  too  large  to  have  such  a  con- 
solidating of  associations  and  expect  the  attendance  at 
meetings  of  those  officials  for  whom  such  associations 
were  originally  created.  Rather  would  I  favor  more  and 
smaller  gatherings,  with  the  resulting  increase  of  prac- 
tical interest  by  the  rank  and  file  of  water  works  men, 
and  a  continued  live  interest  and  profit  from  same,  even 
if  the  aggregate  expense  might  be  considered  greater 
than   otherwise. 

I  heartily  agree  with  your  statements  regarding  the 
desirability  of  eliminating  "politics"  from  the  manage- 
ment of  municipal  water  works  (or  any  other  municipally 
owned  utility),  and  believe  that  much  might  be  accom- 
plished in  this  direction  by  a  federation  of  effort  along 
this  line,  not  only  by  water  works  officials,  but  by  offi- 
cials of  other  public  utilities  as  well.  I  hope  to  see  this 
attempted  more  and  more.  A.  P.  Hathaway, 

Water  Registrar. 

Springfield,  Mass. 


I  am  a  new  man  on  the  job  and  also  a  new  member  of 
the  New  England  Water  Works  Association,  so  my  opin- 
ion can  only  be  based  upon  general  principles. 

Personal  contact  with  many  of  the  officers  and  the 
rank  and  file  of  the  New  England  Association  members 
would  make  it  hard  indeed  for  me  to  believe  that  jeal- 
ousy would  have  any  part  in  the  meditation  upon  the 
question  of  consolidation  or  the  decision.  I  favor  any 
policy  which  makes  toward  better  education  for  us  all, 
and  the  larger  the  school  the  more  teachers. 

H.  E.  Bryant, 
Superintendent  Water  Works. 

Kingston,  Mass. 


We  have  read  your  editorial  relative  to  the  merging 
of  the  New  England  and  the  American  Water  Works 
Associations,  and  will  say  that  we  believe  that  much 
more  benefit  would  be  derived  from  an  educational  stand- 
point by  having  all  of  the  water  works  associations  of 
the  country  merged  with  the  American  Water  Works 
Association  as  a  national  institution.  We  question,  how- 
ever, the  advisability  of  advocating  the  merger  for  the 
purpose  of  driving  politics  out  of  water  works  manage- 
ment. We  are  inclined  to  believe  that  the  merger  would 
fail  if  this  movement  was  advocated  as  a  reason  for  the 
merger. 

Scott  B.  McGowan,  Secretary. 
The  John  H.  McGowan  Co., 

Cincinnati,   O. 


It  is  evident  from  the  present  discussion  of  this  sub- 
ject that  water  works  men  recognize  the  futility  of  main- 
taining two  separate  associations.  They  have  for  their 
purpose  the  same  object  in  view.  There  is,  even  now,  a 
get-together  movement  by  committees  whenever  vital 
subjects  come  before  the  two  organizations  to  do  away 
with  absolutely  indefensible  dual  standards.  A  con- 
solidation would  concentrate  the  efforts  of  all  water 
works  men  and  clear  the  way  for  real  progress.  This 
will  effect  an  organization  which  would  be  recognized  as 
one  of  the  specialized  bodies  of  the  country. 

J.  A.  Jensen, 
Supervisor  Water  Works  Department. 

Minneapolis,   Minn. 


I  read  with  greatest  interest  your  editorial  in  the  Oct. 
11  number  of  Engineering  and  Contracting  with  refer- 
ence to  the  advantages  of  coalition  of  the  American  and 
New  England  Water  Works  Associations.  I  most  heart- 
ily agree  with  the  sentiments  which  you  therein  ex- 
pressed. 
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Duplication  of  organization  is  a  calamity  in  this  coun- 
try. For  instance,  we  have  two  great  national  highway 
engineering  and  road  building  organizations  and  many 
local  organizations  or  similar  scope  where  only  one  main 
organization,  perhaps  with  local  chapters,  should  exist. 
The  same  situation  exists  with  respect  to  our  water 
works  associations.  There  should  be  but  one  water  works 
association  and  all  local  associations  should  simply  be- 
come chapters,  so-called,  in  the  parent  organization. 

A  tremendous  waste  of  energy  and  money  is  shown  in 
the  attempt  of  local  engineering  societies  to  maintain 
proceedings  independently.  Much  of  the  material  pub- 
lished in  such  proceedings  is  of  but  small  merit.  A  com- 
bination of  all  of  the  local  engineering  societies  in  this 
country,  at  any  rate  with  respect  to  the  publication  of 
papers,  so  that  but  one  "Journal"  would  be  published, 
would,  in  the  opinion  of  the  writer,  represent  a  tre- 
mendous advance. 

I  sincerely  hope  that  the  efforts  which  you  and  ser- 
eral  others  are  making  will  shortly  bring  about  a  coali- 
tion between  the  American  and  New  England  Water 
Works   Associations.  Charles   Gilman   Hyde, 

Professor    of    Sanitary    Engineering,    University    of 
California. 

Berkeley,  Cal. 


After  reading  the  Water  Works  and  Hydraulic  monthly 
issue,  on  the  consolidation  of  the  various  water  works 
associations,  the  question  appeals  to  me  as  one  broad  in 
scope  and  of  serious  importance  to  water  works  men  gen- 
erally. 

Many  have  felt  the  societies  are  too  numerous,  es- 
pecially among  the  water  works  men.  The  subdivisions 
of  the  various  societies  do  not  lead  to  the  fulfillment  of 
the  object  for  which  the  various  associations  were  in- 
corporated. Personally,  I  have  always  been  an  advo- 
cate of  combining  all  the  water  works  interests  into  one, 
centralizing  the  same  in  one  of  the  large  cities,  similar 
to  the  American  Society  of  Civil,  Mechanical  and  Elec- 
trical Engineers.  All  data  could  be  collated  there,  bear- 
ing on  every  important  question  relating  to  water  works, 
which  today  must  be  carried  forward  by  each  company 
interested  in  a  particular  subject.  A  combination  of  the 
water  works  association,  under  one  general  head,  would 
also  help  develop  the  water  works  superintendent  and 
engineer. 

Today  the  management  of  water  works  involves  many 
intricate  problems,  calling  for  expert  knowledge  along 
many  lines,  and  very  often,  under  present  conditions, 
advice  is  sought  for  by  those  in  power,  who  do  not  com- 
prehend the  problem  or  the  solution  therefor.  The  water 
works  association  should  ultimately  direct  a  course  of 
education- for  the  coming  water  works  superintendents 
and  engineers,  for  these  positions  today  require  trained 
minds  in  mechanical  knowledge,  executive  ability,  and 
a  fund  of  human  instinct  akin  to  second  nature;  all  of 
which  is  not  taught  in  the  general  college  course. 

By  all  means  consolidate  all  the  water  works  associa- 
tions under  one  general  head  if  the  majority  decides,  and 
the  future  will   reap  the   reward. 

A.  W.  MacCallum, 
Consulting  Engineer. 

Philadelphia,  Pa. 


I  have  read  with  interest  the  editorial  in  the  last 
Waterworks  and  Hydraulic  Monthly  issue  of  Engineer- 
ing and  Contracting  urging  the  consolidation  of  the 
American  and  New  England  Water  Works  Associations 
and  desire  to  compliment  you  on  your  stand  in  the  mat- 
ter. As  a  member  of  both  associations  I  can  see  no  valid 
reason  why  they  should  not  be  united.  It  would  cer- 
tainly be  to  the  advantage  of  the  public  generally  and  of 
waterworks  engineers  particularly.  They  might  even  get 
some  "standard"  specifications  that  were  really  standard. 

A.  Lincoln  Fellows, 


Denver,  Colo. 


Consulting  Engineer. 
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GRAVEL  GRADING  MACHINE  USED  AT  GRAND 
RAPIDS,  MICH.,  FILTER  PLANT. 

During  the  winter  of  1914-15  the  officials  in  charge  of 
the  filter  plant  of  Grand  Rapids,  Mich.,  decided  to  remove 
the  screens  separating  the  filter  gravel  from  the  sand 
and  to  increase  the  thickness  of  the  gravel  layers  to  a 
point  where  they  would  be  stable  against  the  upward 
force  of  the  wash  water  without  the  aid  of  the  screens. 

This  increased  the  bulk  of  gravel  to  be  handled  in  sub- 
sequent overhauling  of  the  filters  three  or  four  fold. 
Formerly  it  was  necessary  to  spread  the  gravel  out  to 
dry  on  the  filter  gallery  floor  and  later  work  it  by  hand 
through  a  series  of  screens  2  ft.  square  sliding  on  a  set 
of  saw  horses  fastened  parallel  to  one  another  which  ob- 
viously necessitated  working  over  the  entire  pile  of  gravel 
once  for  each  grade  of  gravel  separated.  With  these  new 
conditions  as  to  volume  of  gravel  some  other  method  had 
to  be  devised. 

This  was  met  by  the  machine  shown  in  the  accompany- 
ing illustration.  It  was  constructed  by  the  men  on  the 
plant  regularly  employed  at  a  total  cost  of  $37  exclusive 
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AN  EFFECTIVE  METHOD  FOR  HANDLING  BAD 
WATER  COMPLAINTS. 

The  Des  Moines  Water  Co.  of  Des  Moines,  la.,  put  into 
operation  some  months  ago  a  plan  for  handling  bad 
water  complaints  that  has  proved  so  effective  as  to  jus- 
tify its  adoption  as  a  permanent  method  of  dealing  with 
this  subject.  This  plan  was  described  by  Mr.  E.  T.  Kirk- 
patrick,  Chemist  and  Bacterologist  of  the  company,  in  a 
paper  presented  at  the  recent  joint  meeting  of  the  Iowa 
and  Illinois  sections  of  the  American  Water  Works  Asso- 
ciation.    Extracts   from  Mr.   Kirkpatrick's  paper  follow: 

When  a  bad  water  complaint  comes  in,  as  it  is  a  ques- 
tion of  the  sanitary  condition  of  the  water,  it  is  referred 
to  the  laboratory.  Here  it  is  given  a  serial  number  and 
filed  in  the  "complaint  book,"  together  with  the  date, 
name  and  address  and  cause  for  the  complaint,  and  the 
consumer  is  told  that  an  early  call  will  be  made  for  the 
purpose  of  inspecting  the  water. 

This  serial  number  is  then  transferred  to  a  map  of  the 
company's  distribution  system  at  the  location  of  the 
complaint.     This  map,  together  with  the  complaint  num- 


Gravel    Grading    Machine    Used 

of  labor  and  cost  of  extra  wiring  for  the  spaire  motor  used 
to   operate    it. 

The  machine  was  made  entirely  of  wood,  all  fastenings 
being  made  with  bolts.  It  is  run  at  a  rate  of  about  12.5 
to  135  r.p.m.,  consuming  not  to  e.xceed  3  HP. 

The  mixture  of  sand  and  grave!  is  shoveled  in  at  one 
end  where  it  first  passes  under  the  washing  rig  consist- 
ing of  four  1-in.  pipes  perforated  with  'small  holes,  the 
whole  being  supplied  from  a  hose  attachment  which  pro- 
vided the  proper  flexibility  while  the  machine  was  in 
motion.  This  thoroughly  washed  the  sand  from  the  gravel 
eliminating  the  need  for  drying  as  formerly.  As  the 
gravel  passed  on  down  the  screen  it  was  found  that  usual- 
ly the  first  6  in.  of  each  screen  did  the  work  of  separat- 
ing its  particular  size. 

Five  men  are  required  to  operate  and  keep  the  machine 
going  at  full  speed,  the  gravel  being  taken  from  a  filter 
washed,  graded  and  piled  in  piles  ready  to  go  back  in  two 
days.  It  was  figured  that  the  time  saved  by  this  machine 
was  from  75  to  85  per  cent  of  the  time  that  would  have 
been  required  by  the  old  method.  When  not  in  use  the 
machine  is  knocked  down  and  stored.  Walter  A.  Sperry  is 
Chief  Chemist  of  the  Filter  Plant.  L.  D.  Cutcheon  is 
Secretary  and  General  Manager  of  the  Board  of  Public 
Works. 


at   Grand    Rapids   Filter   Plant. 

bers,  makes  an  excellent  record  of  the  complaints.  It 
shows  graphically  the  location  from  which  the  complaints 
are  coming  and  makes  a  simple  method  for  the  routing 
of  the  trips  on  which  the  subsequent  calls  are  made. 

The  call  is  then  made  upon  the  complaining  consumer 
and  the  water  examined.  With  the  Des  Moines  water 
the  majority  of  the  complaints  arise  from  dissolved  iron. 
If  there  is  only  a  slight  amount  of  this  iron  present  the 
usual  complaint  is  that  the  water  has  a  strange  taste. 
In  this  case  it  is  explained  to  the  consumer  that  this 
taste  is  not  due  to  the  presence  of  disease-producing  or- 
ganisms or  anything  that  would  cause  physical  disorder, 
but  is  merely  the  taste  of  a  small  amount  of  iron  which 
is  considered  beneficial  to  the  human  system.  This  ex- 
planation is  ordinarily  taken  at  its  face  value  by  the 
consumer  and  the  main  is  not  blown  off. 

If,  however,  there  is  a  greater  amount  of  iron  present 
the  usual  complaint  is  that  the  water  is  unfit  for  laun- 
dry purposes.  If  on  examination  this  statement  is  found 
to  be  true  the  main  is  of  course  blown  off.  Sometimes 
on  such  occasions  it  is  found  that  there  is  some  sedi- 
ment present.  When  this  is  the  case  this  content  is  es- 
timated by  means  of  the  Whipple  sediment  test.  This 
consists  in  forcing  a  measured  amount  of  the  water, 
usually  a  quart,  through  a  white  cotton  felt  disc  which 
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retains  upon  its  surface  the  sediment  contained  in  the 
water.  This  disc  is  taken  to  the  laboratory,  dried  and 
mounted  in  a  book,  making  a  graphic  record  of  this  con- 
dition of  the  water. 

Another  class  of  complaint  comes  from  the  citizen 
whose  family  is  about  to  be  taken  from  him  by  typhoid 
fever  resulting  from  the  use  of  the  grossly  polluted  city 
water.  True  they  do  not  have  the  fever  at  the  time  of 
the  complaint,  but  the  water  has  an  odor  and  a  taste 
which  the  complainant  believes  to  have  come  from  some 
pollution  and  is  likely  to  contain  the  germs  of  typhoid 
fever.  In  dealing  with  such  complaints  an  attempt  is  made 
to  show  the  parties  that  they  cannot  rely  absolutely  upon 
the  means  that  they  have  at  hand  to  determine  whether 
or  not  a  water  is  fit  to  use.  The  representative  of  the 
company  explains  if  he  can  the  cause  for  the  unfamiliar 
odor  and  its  perfect  harmlessness.  He  also  explains  some 
thing  of  the  purification  system  and  endeavors  to  show 
the  impossibility  of  typhoid  being  present.  A  sample 
is  then  taken  for  bacteriological  examination.  When 
this  examination  is  finished  the  first  call  is  followed  up 
with  a  second  showing  the  results  of  the  examination 
and  what  they  signify,  and  the  complaint  is  not  dropped 
until  the  consumer  is  convinced  that  the  water  is  pure. 
Almost  invariably  the  consumer  appreciates  the  efforts 
which  the  department  has  made  in  the  investigation  of 
his  complaint  and  is  willing  to  accept  its  statements 
concerning  the  purity  of  the  water. 

Before  concluding  any  of  these  calls  the  representa- 
tive tries  to  leave  the  impression  that  the  company  is  not 
displeased  to  have  received  the  complaint,  but  is  inter- 
ested at  all  times  in  learning  from  its  patrons  the  condi- 
tion of  its  water.  The  e.xperience  so  far  has  been  that 
the  public  has  responded  to  this  attitude  and  is  more 
friendly  towards  the  company.  Chronic  kickers  who  have 
been  accustomed  to  calling  up  every  week  or  so  to  make 
some  new  criticism  concerning  the  water  seem  to  have 
lost  their  interest  in  their  self-appointed  tasks  since  they 
have  beer,  encouraged  to  continue  in  their  good  work. 
Those  who  have  been  truly  frightened  concerning  the 
condition  of  the  water  have  upon  learning  the  true  sit- 
uation, gained  more  confidence  in  the  purity  of  the  water. 

EFFECT     OF     WIND     VELOCITY     ON     WAVE 
HEIGHTS. 

Some  observations  were  made  during  the  year  1915 
on  the  Belle  Fourche  Reservoir  of  the  U.  S.  Reclamation 
Service  to  determine  the  height  of  waves  under  various 
wind  velocities.  A  wave  gage  was  erected  well  out  in  the 
water  and  a  recording  anemometer  was  installed.  The 
height  of  waves  from  crest  to  trough  was  observed  dur- 
ing various  periods  of  high  wind  velocity,  the  results  as 
reported  in  the  November  Reclamation  Record  by  Project 
Manager  B.  E.  Hayden  being  as  follows: 

Wind 
velocity.      Wave 
P,    .  miles        heisht. 

i\"f-     28 35  2.0 

Sept.       S 40  2.5 

July        4 44  or 

May  16 ;::::::;:  \l        li 

9°*-         ' 50  3.5 

June    12 56  4.0 

f^ct-       -'4 75  5  0 

The  fetch  of  the  wind  was  approximately  5  miles  for 
all  observations,  and  the  depth  of  water  during  the  entire 
period  varied  but  3  ft.,  the  mean  depth  at  the  gage  being 
approximately  10  ft. 

Mr.  D.  C.  Henry,  in  an  article  in  the  Engineering  News 
of  June  29,  1916,  has  .derived  a  formula  from  these  ob- 
servations, as  follows: 

In  plotting  the  heights  of  waves  as  abscissas  with  the  wind  veloc- 
ities or  ordinates  it  is  found  that  a  straight  line  fits  all  points  fairly 
clos<?l\\     The  formula  of  this  line  is 
,  H  =  0.075  (V  — 8.5). 

V  being  the  velocity  of  the  wind  in  miles  per  hour  and  H  the  total 
height  of  the  wave  from  crest  to  trough  in  feet.  With  a  wind  of  8.5 
miles,  the  wave  height  is  practically  zero. 

Experiments  will  be  made  on  other  Reclamation  Service 
reservoirs  to  test  the  general  applicability  of  this  formula 
for  a  fetch  of  5  miles  and  to  determine  the  effect  of  varia- 
ble fetch. 


BACKFILLING  TRENCHES  WITH  A  ROAD 
GRADER. 

Contributed   by  William   K.   Voorhees. 

Mr.  P.  S.  duPont  of  Wilmington,  Del.,  recently  installed 
a  complete  water  works  system  on  his  large  estate  at 
Longwood,  Chester  County,  Pennsylvania.  This  system 
included  about  2  miles  of  6-in.  mains  laid  in  trenches 
varying  in  depth  from  3  ft.  to  10  ft.  The  trenches  were 
dug  with  a  Parsons  trench-digging  machine.  While  it 
had  been  possible  to  lease  a  machine  for  digging  the 
trenches  there  was  no  equipment  in  sight  for  backfilling 
that  could  be  secured  at  a  reasonable  price.  To'  fill  the 
trenches  by  hand  meant  the  expenditure  of  approxirfiately 
$2,000,  and,  owing  to  the  scarcity  of  labor,  much  incon- 
venience must  have  necessarily  resulted  on  account  of 
the  long  time  required  to  complete  the  work. 

After  looking  into  the  situation  carefully  it  was  decided 
to  attempt  to  fill  the  trenches  by  means  of  a  road  grader 
pulled  by  a  gas  tractor.  In  the  work  of  excavating  the 
trenches  the  earth  had  been  deposited  from  4  to  5  ft.  from 
the  edge  of  the  trench.  In  some  cases  the  pile  of  earth 
was  5  to  6  ft.  wide  at  its  base  and  fully  5  ft.  in  height. 


Road    Grader   Hauled   by   Tractor   Backfilling   Trench, 

The   road  grader   used   was   of   the   ordinary   standard 
reversible  type.     The  rear  axle  was  made  quite  short  so, 
that  the   machine  could  travel  between  the   windrow  of 
dirt    and    the    edge    of    the    trench.      The    machine    was 
equipped  with  a  scraper  bar  8  ft.  in  length.     On  account 
of  its  length  it  was  possible  to  set  the  bar  at  an  angU 
sufficiently  sharp  to  enable  the  dirt  to  flow  freely  fron 
one  end  to  the  other.     The  machine  was  fitted  with  ai 
offset  pole  and  steering  device  so  that  a  man  sitting  01 
the  front   seat  could  steer  the   machine  away  from  th 
edge  of  the  trench  and  close  to  the  bank  of  dirt. 

The  tractor  used  in  drawing  the  machine  was  of  th 
caterpillar  type.  In  operation  the  blade  of  the  machin 
was  set  so  that  the  front  end  engaged  well  into  the  ban 
of  loose  earth.  This  brought  the  rear  end  of  the  blad 
close  to  the  edge  of  the  trench,  so  that  when  the  machin 
was  put  in  motion  the  earth  flowed  from  the  front  en 
of  the  blade  back  into  the  trench.  In  cases  where  th 
windrow  of  earth  was  abnormally  high  it  was  necessar 
to  cut  the  tractor  loose  from  the  machine  and  run  it  ove 
the  peak  of  the  pile  so  as  to  scatter  and  beat  down  th 
earth  and  thus  enable  the  road  machine  to  handle  it  t 
better  advantage. 

The  illustration  shows  clearly  the  method  of  handlin 
the  machine  in  delivering  the  loose  earth  into  the  trencj 
The  scraper  bar  of  the  machine  was  reversible  and  it  wt 
possible,  therefore,  to  deliver  dirt  to  the  trench  no  ma, 
ter  which  direction  the  machine  was  running.  For  th 
reason  no  time  was  lost.  It  was  necessary,  of  course,  ' 
make  several  rounds  before  all  the  dirt  could  be  deli' 
ered  to  the  trench,  but  when  the  work  was  finished  tl 
trench  was  filled  and  the  ground  adjoining  it  was  cle. 
of  loose  earth. 
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While  no  exact  cost  figures  were  kept,  judging  from  the 
time  required  to  fill  the  2  miles  of  trench— about  a  week- 
it  is  safe  to  assume  that  the  work  was  done  for  less  than 
20  per  cent  of  what  it  would  have  cost  by  hand  labor. 
The  road  machine  was  purchased  especially  for  this  work, 
but  it  was  in  first-class  shape  at  the  conclusion  of  the 
job  and  can  be  used  to  good  advantage  for  other  work  in 
the  future.  The  tractor  was  used  regularly  for  farm 
work,  but  was  pressed  into  service  for  this  particular 
work  because  it  was  better  adapted  for  pulling  a  road 
machine  than  any  other  power  that  could  be  secured. 


RESULTS     AND     CONCLUSIONS     FROM     A     YEAR'S 

OPERATION   OF   THE    ACTIVATED   SLUDGE 

SEWAGE  TREATMENT  PLANT  OF 

MILWAUKEE. 

The  activated  sludge  sewage  treatment  plant"  of  Mil- 
waukee, Wis.,  was  placed  in  operation  on  Jan.  22,  1916, 
and  has  been  in  almost  continuous  service  since  that 
date.  The  results  obtained  have  been  so  satisfactory  that 
the  process  has  been  adopted  by  the  Sewage  Commission 
of  the  city  and  plans  for  a  plant  to  treat  100,000,000  gal. 
of  sewage  per  day  are  now  being  prepared.  In  a  paper 
presented  at  the  recent  convention  of  the  American  So- 
ciety of  Municipal  Improvements,  Mr.  T.  Chalkley  Hatton, 
Chief  Engineer  of  the  Commission,  gives  the  results  ob- 
tained from  the  year's  experience  with  the  workable  size 
unit.     The  major  portion  of  Mr.  Hatton's  paper  follows: 

The  plant  has  been  operated  at  rates  varying  from 
650,000  gal.  to  2,000.000  gal.  per  day.  with  a  volume  of 
sludge  in  the  aerating  tanks  varying  from  10  per  cent  to 
30  per  cent,  and  with  a  variation  in  the  aerating 
capacity.  Vertical  and  horizontal  flow  sedimentation  at 
various  velocities  has  also  been  tried.  In  fact  the  plant 
has  been  put  through  many  stunts  to  determine  both  posi- 
tive and  negative  results. 

Experiments  and  observations  have  been  made  for  sev- 
eral tnonths  to  determine  the  volume  of  sludge  collected 
and  a  satisfactory  method  of  de-watering,  drying  and  re- 
ducing the  sludge  to  fertilizer  basis,  and,  while  these  de- 
terminations are  not  final  by  any  means,  as  experiments 
are  still  being  conducted,  they  have  progressed  far  enough 
to  warrant  Mr.  Hatton  in  drawing  approximate  con- 
clusions. 

Securing   Activated   Sludge. 

When  the  continuous  flow  tanks  were  first  put  in  op- 
eration the  work  indicated  it  would  require  from  30  to  35 
days  of  continuous  aeration  to  secure  well  activated 
sludge.  In  a  tank  put  in  operation  on  July  29,  and  through 
which  was  treated  50,000  gal.  per  day  continuously,  good 
activated  sludge  was  secured  in  about  ten  days,  at  the 
end  of,  which  time  the  volume  of  sewage  treated  was  in- 
creased to  75,000  gal. 

The  general  character  of  well  activated  sludge  can  be 
easily  determined  by  the  eye.  It  has  a  golden  brown 
color  flocculent  and  settles  very  rapidly  in  a  bottle,  form- 
ing larger  flock  as  it  settles. 

It  has  been  the  practice  to  measure  the  amount  of 
.'  activated  sludge  combined  with  the  raw  liquor  in  the 
aerating  tanks  in  terms  of  percentage.  This  is  determined 
by  allowing  the  mixture  to  settle  one-half  hour  in  a 
graduated  glass  cylinder.  The  half-hour  period  was 
chosen  because  in  well  activated  sludge  77  per  cent  settles 
in  30  minutes  in  quiescent  liquor,  82  per  cent  in  one  hour, 
84  per  cent  in  two  hours,  and  86  per  cent  in  three  hours. 

In  order  to  maintain  25  per  cent  of  activated  sludge 
in  the  aerating  tanks  it  has  been  found  necessary  to  re- 
turn from  the  sedimentation  tank  from  40  to  50  per  cent 
of  the  volume  of  raw  liquor  being  treated,  because  the 
liquor  drawn  from  the  sedimentation  tank  is  only  about 
one-half  sludge.  This,  of  course,  means  if  four  hours  de- 
tention period  is  desired  in  the  aerating  tank  for  the  raw 
liquor  the  tank  must  be  proportioned  for  a  six  hours'  de- 
tention or  50  per  cent  increase. 

This  might  be  overcome  by  providing  secondary  sedi- 

'X  description  of  this  plant  was  printed  in  the  Oct.  27.  ISl.i.  issue 
of  En^neering  and    Contracting. 
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mentation  tanks  in  which  the  sludge  from  preliminary 
tanks  would  be  settled  for  one  hour,  the  supernatant 
liquor  run  off  and  the  thick  settled  sludge  returned  to 
the  aeration  tank.  By  this  method  the  moisture  content 
in  the  settled  sludge  in  the  preliminary  sedimentation 
tank  can  lie  reduced  from  99  per  cent  to  about  96  per  cent. 
This  method,  however,  would  increase  the  area  and  tank- 
age without  decreasing  the  air,  and  would  add  to  the  op- 
erations of  the  process. 

Aeration. 

The  air  used  for  aeration  is  secured  by  operating  a 
Connersville  positive  blower  of  the  Boston  type,  capable 
of  compressing  2,400  cu.  ft.  of  free  air  per  minute  to  5  lb. 
pressure.  The  compressed  air  passes  through  a  filter  built 
into  the  main  pipe  and  filled  with  excelsior.  From  the  in- 
dications Mr.  Hatton  believes  that  much  better  results 
can  be  obtained  by  filling  this  filter  with  absorbent  cot- 
ton, although  considerable  oil  and  dust  have  been  inter- 
cepted by  the  excelsior. 

The  air  used  is  measured  by  recording  air-meters  fur- 
nished b.v  the  General  Electric  Co.,  one  meter  measuring 
the  air  used  for  the  aerating  tanks  and  another  that  used 
for  pumping  sludge  from  the  sedimentation  tank.  The 
diffusers  consist  of  filtros  plates  12  in.  square  and  m> 
in.  thick,  furnished  by  the  General  Filtration  Co.,  of 
Rochester,  N.  Y.  There  is  1  sq.  ft.  of  diffuser  to  8.5  sq. 
ft.  of  tank  surface. 

Before  the  filtros  plates  were  set  each  was  tested  for 
porosity  under  a  2-in.  water  pressure,  and  the  variation 
was  from  1.85  cu.  ft.  of  air  per  minute  per  square  foot 
of  plate  surface  to  5.85  cu.  ft.  per  minute.  This  variation 
has  resulted  in  one  tank  receiving  more  air  than  its  neigh- 
bor and  the  liquor  passing  through  such  tank  picks  up 
more    dissolved    oxygen. 

This  is  an  objection  to  the  use  of  filtros  plates  which 
Mr.  Hatton  thinks  has  been  largely  overcome  since  these 
plates  were  purchased,  the  manufacturers  exercising  more 
care  in  the  selection  of  the  materials  and  in  testing  the 
finished  plates  before  shipment.  Another  objection  to 
this  type  of  plate,  which  is  more  difficult  to  overcome,  is 
the  frictional  loss.  In  order  to  saturate  the  plate  when 
passing  the  air  through  under  5  lb.  pressure,  there  is  a 
frictional  loss  of  •''4  lb.,  and  for  every  cubic  foot  of  air 
per  Tninute  passed  through  the  plate  at  this  pressure  there 
is  an  additional  loss  of  'i  lb. 

Experiments  have  been  made  with  a  wooden  block  dif- 
fuser with  very  promising  results.  The  block  is  cut  from 
basswood  across  grain  and  is  about  ^'2  in.  thick,  12  in. 
long  and  3  in.  wide.  Four  blocks  are  set  side-by-side  in 
a  casting  about  12' i  in.  square.  The  experiments  indi- 
cate so  far  that  the  frictional  loss  when  5  cu.  ft.  of  air 
per  minute  under  5  lb.  pressure  are  passing  through  plate 
is  about  ^2  lb.  The  air  is  broken  up  in  much  smaller 
bubbles  and  is  better  diffused  throughout  the  surface 
of  the  plate.  If  the  wood  proves  satisfactory  it  has  the 
advantage  of  being  cheaper,  obtainable  in  all  markets  and 
easily  removed  and  replaced  without  injuring  the  frame, 
as  it  is  held  in  place  by  the  pressure  due  to  the  swelling. 
It  is  quite  probable  that  less  air  will  be  required  with  the 
wooden  diffusers  becau.se  of  the  much  smaller  bubble, 
which  will  result  in  greater  saturation.  Experiments  are 
now  being  conducted  to  try  this  out. 

Uniform,  diffusion  over  the  entire  area  of  an  aerating 
tank  would,  of  course,  be  the  ideal  condition,  but  in  a 
large  plant  this  is  impossible  to  maintain,  and  Mr.  Hat- 
ton believes  that  its  importance  is  not  sufficient  to  war- 
rant  large  expenditures. 

The  aerating  tank  which  has  given  the  best  results  in 
Milwaukee  has  the  following  proportions:  1  sq.  ft.  of  dif- 
fusing surface  to  5.5  sq.  ft.  of  tank  surface.  Average 
depth  of  liquor,  9  ft.;  275  gal.  of  raw  liquor  treated  per 
day  per  square  foot  of  surface.  If  the  tank  was  14.5 
ft.  deep  the  amount  of  liquor  treated  could  be  increased 
50  per  cent.  One  cubic  foot  of  aerating  tank  capacity 
treats  29  gal.  of  sewage  per  day.  If  wood  diffusers  are 
used  the  indications  are  that  better  nitrification  with  less 
air  could  be  secured  by  increasing  diffuser  area  about  35 
per  cent,  thus  reducing  volume   of  air  passing  through 
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each  square  foot  of  diffuser.  This  very  materially  de- 
creases size  of  bubble  and  increases  saturation.  The 
above  proportions  provide  for  the  activated  sludge  re- 
turned from  the  sedimentation  tank. 

A  combined  sewage  at  times  carries  large  quantities  of 
mineral  and  other  heavy  inorganic  matter  to  the  disposal 
plant.  This  matter  settles  upon  the  surface  of  the  dif- 
fusers  and  interferes  with  their  efficiency.  It  is,  there- 
fore, quite  important  that  a  satisfactory  grit  chamber 
form  a  part  of  every  disposal  plant  of  this  character  treat- 
ing combined  sewage. 

Considerable  thought   has   been   given  to  the   question 
of  fine-screening  the  sewage.    Mr.  Hatton  is  of  the  opinion 
that  this  is  unnecessary  as  it  adds  to  the  expense  and  di- 
minishes the  value,  as  a  fertilizer,  of  the  sludge. 
Effect  of  Low  Temperatures. 

The  Milwaukee  plant  was  put  in  operation  about  Jan. 
22,  1916,  and  by  Feb.  1  was  in  continuous  operation.  Dur- 
ing February,  March  and  April  the  temperature  of  the 
sewage  varied  from  34°  F.  to  50°  F.  and  the  outside 
air  from  —14°  F.  to  +69°  F.  During  this  time  the 
plant  produced  an  effluent  stable  for  108  hours,  98  per 
cent  removal  of  suspended  matters,  97  per  cent  removal 
of  bacteria  at  37°  C.  and  83  per  cent  oxygen  consumed, 
but  required  about  50  per  cent  more  air  than  when  the 
temperature  of  the  sewage  is  above  50=  F.  In  other  words, 
the  principal  effect  low  temperature  has  upon  the  process 
is  additional  air  requirement. 

Sedimentation. 

Next  to  sludge  disposal  the  most  important  problem 
studied  at  Milwaukee  during  the  last  six  months  has  been 
sedimentation.  Soon  after  the  plant  was  placed  in  opera- 
tion it  was  clearly  proven  that  the  sedimentation  tank  was 
not  properly  designed  to  take  care  of  activated  sludge. 
This  tank  was  of  central-feed,  vertical-flow  type,  with  bot- 
tom sloping  at  45°  towards  a  central  well  4  ft.  in  diameter 
and  34  ft.  deep  below  liquor  surface. 

It  was  expected  that  the  sludge  would  separate  from 
the  liquor  while  passing  from  the  center  feed,  3  ft.  below 
water  surface,  to  a  weir  forming  the  circumference  of  the 
30-ft.  diameter  tank,  and  falling  upon  the  sloping  bottom 
to  the  central  well  would  become  compressed,  due  to  34  ft. 
of  head  of  water,  and  would  contain  about  96  per  ^ent 
moisture,  in  which  condition  it  would  be  pumped  back  by 
air  into  the  raw  sewage  channel,  by  which  it  would  enter 
the  aerating  tanks. 

It  was  found  that  the  entrance  velocity  was  too  great; 
that  adverse  currents  were  established  which  held  the 
finer  flock  in  suspension,  permitting  it  to  pass  over  the 
weir  with  the  effluent;  the  heavier  sludge  would  settle 
upon  the  sloping  bottom  and  not  slide  down  to  the  central 
well,  but  stick  upon  this  bottom  and  become  septic.  While 
much  of  the  sludge  would  reach  the  central  well  there 
was  not  enough  of  it  to  keep  the  aerating  tanks  well 
seeded  unless  an  excessive  volume  of  the  nitrified  liquor 
was  returned  with  the  sludge.  This  extra  liquor  de- 
creased the  detention  period  in  the  aerating  tanks,  and 
correspondingly  reduced  the  aeration. 

To  increase  the  sedimentation  area  No.  11  sludge  tank 
was  improvised  into  a  horizontal-flow  sedimentation  tank. 
It  was  soon  learned  that  a  horizontal  flow  at  the  rate  of 
3  ft.  per  minute  was  sufficient  to  give  good  sedimentation, 
but  there  was  nothing  gained  in  a  great  length  of  flow. 
In  the  first  experiment  the  length  of  flow  was  about  100 
ft.  with  6  ft.  3  in.  width  channel.  This  successfully 
treated  about  400,000  gal.  of  liquor  per  day.  Subsequently 
this  channel  was  divided  into  three  separate  sedimenta- 
tion channels  and  satisfactorily  treated  about  700,000  gal. 

From  the  experiments  so  far  conducted  upon  sedimenta- 
tion the  indications  are  that  the  proper  type  tank  is  a  long 
narrow  vertical-flow  tank  with  the  liquor  passing  across 
the  narrow  dimension.  The  depth  seems  to  have  little 
influence  except  that  it  should  be  such  that  the  bottom 
be  formed  as  a  cone  with  sides  sloping  69°  or  more  from 
the  horizontal.    The  draw-off  pipe  should  form  the  apex. 

The  sedimentation  tank  which  has  given  the  best  re- 
sults in  Milwaukee  has  the  following  proportions:  Ratio 
of  breadth  to  length  is  as  1  is  to  2.3  with  flow  across  the 


breadth;  1  sq.  ft.  area  to  1,622  gal.  of  sewage  treated  per 
day;  effluent  from  aerating  tank  fed  directly  into  sedi- 
mentation tank  under  a  baffle  32  in.  below  surface  of 
liquor  in  the  latter  tank. 

It  is  desirable  to  build  the  sedimentation  tanks  in  small 
connected  units  for  two  reasons,  to  decrease  the  depth, 
owing  to  slope  of  sides  necessary,  and  to  provide  for 
maintaining  a  sludge  blanket,  which  cannot  be  done  in  a 
large  tank.  This  sludge  blanket  acts  as  a  filter  for  inter- 
cepting the  light  floating  matters  carried  to  the  sedimen- 
tation tank.  It  is  not  necessary  in  order  to  secure  a 
stable  effluent,  but  only  to  procure  one  which  is  perfectly 
clear. 

Sludge  Disposal. 

H.  R.  Worthington,  of  New  York  City,  erected  at  the 
station  a  sludge  press  designed  by  Mr.  Berrigan.  This 
press  was  in  operation  early  this  year,  and  has  been  in 
service  intermittently  up  to  date.  The  Simplex  Ejector 
Co.,  of  Chicago,  also  erected  and  is  now  operating  a  sludge 
press. 

Several  runs  have  been  made  with  the  Smith  type  of 
indirect  steam  dryers  operated  at  the  Plankinton  packing 
house  in  Milwaukee,  to  determine  the  ability  of  this  type 
of  dryer  to  treat  the  activated  sludge  and  incidentally  the 
cost.  These  runs  involved  the  drying  of  from  3,000  lb.  to 
6,000  lb.  per  run,  during  which  time  all  information  was 
secured  to  determine  power,  labor  and  steam  used  and 
character  of  escaping  gases. 

In  addition  to  this,  small  experiments  have  been  made 
with  a  direct-heat  dryer  manufactured  by  the  Buckeye 
Dryer  Co.,  of  London,  0.,  which  gave  such  promise  as  to 
economy  and  character  of  product  that  one  was  ordered 
made,  which  it  was  hoped  to  have  in  operation  by  the 
latter  part  of  September.  From  the  experiments  made 
with  this  dryer  its  manufacturer  has  submitted  a  proposi- 
tion, containing  guarantees  as  to  cost  of  operation,  for 
erecting  sufficient  dryers  to  take  care  of  our  product. 

It  is  felt  that  sufficient  information  has  been  secured 
to  conclude  that  there  is  no  difficulty  in  reducing  the  Mil- 
waukee sludge  to  a  marketable  low-grade  fertilizer  at 
less  than  its  value.  The  conclusions  stated  regarding 
pressing  of  sludge  have  been  reached  solely  from  the 
operation  of  the  Berrigan  press.  The  experiments  with 
the  Simplex  press  were  begun  at  the  time  Mr.  Hatton 
was  preparing  his  paper. 

After  operating  the  Berrigan  press  for  several  months 
continuously,  during  which  time  many  improvements  were 
made  thereto,  the  amount  of  sludge  cake  produced  in  one 
pressing  increased  from  70  lb.  to  1,700  lb.  with  an  aver- 
age moisture  content  of  75  per  cent.  With  a  trial  run, 
and  with  the  crude  facilities  for  handling  the  material, 
6,000  lb.  of  pressed  cake  were  produced  in  one  day.  This 
can  easily  be  increased  to  8.000  lb.,  or  five  pressings,  per 
day  when  proper  apparatus  is  provided. 

One  direct  heat  dryer  can  produce  25  tons  per  day,  or 
about  1  ton  per  hour,  of  dried  material  containing  10  per 
cent  moisture  from  pressed  cake  containing  75  per  cent 
moisture.  With  mechanical  stokers  attached  to  the  dryers 
and  proper  mechanical  devices  provided  for  feeding  the 
dryers  with  raw  material  and  for  taking  away  the  dried 
product  the  labor  cost  can  be  reduced  to  a  minimum  in 
case  direct  heat  dryers  are  used.  With  indirect  steam 
dryers  the  labor  costs  would  be  considerably  increased. 
as  the  operation  is  intermittent  and  the  dryers  must  fre- 
quently be  partially  cleaned  by  hand. 

On  the  other  hand,  the  gases  from  the  direct  heat  dr.vers 
are  more  pungent  and  difficult  to  handle  than  those  from 
the  indirect  dryers,  but  with  a  dryer  plant  located  close 
by  the  aerating  tanks,  the  gases,  after  being  washed,  can 
be  discharged  into  the  aerating  tanks  under  the  surface 
of  the  water,  which  will  absorb  the  odors. 

Several  runs  have  been  made  to  determine  the  volume 
of  sludge  containing  10  per  cent  moisture  produced  per 
1,000,000  gal.  of  sewage  treated.  These  runs  have  e.\- 
tended  over  two  or  three  weeks  and  there  has  been  great 
variation  in  the  results.  The  average,  however,  indicates 
that  1,000,000  gal.  of  the  Milwaukee  sewage  will  produce 
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from  750  to  1,000  lb.  of  sludge  containing  10  per  cent 
moisture. 

The  activated  sludge,  as  it  is  pumped  from  the  sedimen- 
tation tank,  contains  about  99  per  cent  moisture.  If  this 
is  allowed  to  settle  in  a  secondary  tank  for  one  hour  it  is 
reduced  to  96  per  cent  moisture.  Pressing  it  reduces  it 
to  75  per  cent  moisture  and  when  dried  to  10  per  cent 
moisture  its  weight  is  about  25  per  cent  of  the  weight 
of  the  pressed  cake. 

To  better  illustrate  the  sludge  proportions  it  might  be 
interesting  to  describe  the  method  of  operation.  From 
the  aerating  sludge  tank  which  receives  the  excess  settled 
sludge  from  the  sedimentation  tank,  9,990  gal.  of  sludge 
containing  99  per  cent  moisture  is  pumped  into  an  ele- 
vated wooden  circular  tank.  This  is  allowed  to  settle  for 
about  one  hour  and  about  7,510  gal.  of  supernatant  liquor 
siphoned  off,  leaving  2,480  gal.  of  sludge  containing  about 
96  per  cent  moisture.  This  sludge  is  then  run  by  gravity 
into  the  press  and  reduced  to  2,874  lb.  of  cake  containing 
an  average  of  72  per  cent  moisture.  The  cake  is  then  put 
into  the  dryer  and  reduced  to  718  lb.  of  material  contain- 
ing about  10  per  cent  moisture.  The  above  is  the  descrip- 
tion of  some  representative  runs  that  have  been  made. 
The  weight  of  the  cake  produced  is  directly  proportional 
to  its  moisture  content  and,  with  the  present  crude  method 
of  gaging,  cannot  always  be  uniform  with  each  pressing. 

From  the  data  collected  from  the  many  experiments,  the 
cost  of  disposing  of  the  sludge  for  the  100,000,000-gal. 
plant  being  designed  for  Milwaukee  will  be  approximately 
as  follows: 

rRES.SING  PER  DRY  TON. 

Overhead  charges.  10  per  cent  of  cost $1.21 

Labor,  eisht  hours,  three  shifts 1.3C 

Cleaning:  and  upkeep  of  bags 64 

Power 09 

Contingencies 16 

Total  cost  of  pressing:  exclusive  of  building J3.46 

DRYING   PER  DRY   TON. 

Overhead  chargos.  15  per  cent  of  cost $0..'?9 

Labor.  ei;"ht   hours,  three  shifts 73 

Fuel.  1  cent  per  S2.000  B.  t.  u 1.10 

Power,  1  cent  per  k\v.  hr 52 

Contingencies   13 

Total  cost  of  drying  exclusive  of  building $2.87 

Total  cost  of  dewatering  sludge  per  dry  ton $6.."?3 

These  costs,  when  reduced  to  the  1,000,000  gal.  of  sew- 
age treated,  become  $1.30  for  pressing  and  $1.08  for  dry- 
ing, or  a  total  of  $2.38.  The  cost  of  pumping  sludge  from 
settling  tank  to  press  is  not  included  in  above  because  the 
height  to  which  the  sludge  must  be  lifted  has  not  been 
determined. 

Several  tons  of  sludge  have  now  been  pressed  and  dried 
and  the  analyses  show  an  average  of  5  per  cent  of  avail- 
able ammoniacal  nitrogen  in  the  product.  In  normal 
times  this  is  worth  $12.50  per  dry  ton  at  the  plant. 

One  of  the  good  features  of  the  activated  sludge  is  the 
lack  of  unpleasant  odors.  Tons  of  pressed  cake  have  been 
dumped  into  a  small  wooden  shanty,  more  particularly  to 
keep  flies  from  breeding.  The  odor  at  no  time  during  this 
excessive  and  long  continued  hot  weather  has  been  ob- 
jectionable 10  ft.  away  from  the  building,  and  now  when 
the  door  is  opened  an  odor  like  garden  soil  is  the  only  one 
apparent,  and  the  sludge  is  gradually  drying. 

This  clearly  indicates  that  in  a  small  plant,  which 
would  not  warrant  the  cost  of  drying,  the  pressed  cake 
could  be  stored  for  months  without  nuisance,  and  used  as 
a  fertilizer  in  the  locality  in  which  it  was  produced  at 
such  times  as  may  be  convenient. 

General  Notes. 

The  cost  of  operating  the  process  depends  largely  upon 
the  overhead  charges  due  to  first  cost,  power  and  char- 
acter of  effluent  required,  all  of  which  are  bound  to  vary 
in  different  localities. 

Any  standard  effluent  can  be  secured  and  maintained  by 
varying  volume  of  air  used  and  period  of  aeration,  using 
a  uniform  percentage  of  activated  sludge.  This  activated 
sludge,  however,  must  be  kept  in  prime  condition  to  get 
any  results,  and  this  process  requires  a  certain  amount  of 
air  applied  for  a  certain  period.  This  cannot  now  be 
determined  with  a  certainty  until  our  present  experiments 
on  economy  in  aeration  are  completed,  but  so  far  we  have 
been  able  to  maintain  good  sludge  by  using  1.5  cu.  ft.  of 
air  per  gallon  of  sewage  treated  and  a  contact  period  of 
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4  hours,  that  is  when  the  temperature  of  the  sewage  is 
over  50'  F.  Below  this  about  50  per  cent  more  air  is  re- 
(juired  in  the  same  period  of  contact. 

Good  results  were  obtained  by  mixing  frohi  5  per  cent 
to  20  per  cent  of  activated  sludge  with  the  raw  sewage. 
This  5  per  cent  variation  seems  to  produce  no  important 
difference  in  the  character  of  effluent. 

The  south  experimental  tank  for  the  past  eleven  months 
has  been  operating  at  the  rate  of  9.46  million  gallons  per 
acre  per  day.  Since  this  tank  has  been  improved  the  rate 
has  been  raised  to  10  million  gallons  and  is  expected  to 
go  higher. 

One  point  must  be  kept  well  in  mind.  The  mi.xture  of 
sewage  and  sludge  as  it  discharges  from  the  aerating 
tanks  cannot  be  carried  in  conduits  unless  it  is  constantly 
agitated,  as  the  sludge  will  settle  in  the  conduits  immedi- 
ately. 


CONSTRUCTION  COSTS  OF  CERTAIN  RAPID 
SAND  FILTER  PLANTS. 

In  reporting  on  a  new  water  supply  for  Sacramento, 
Cal.,  the  engineers,  Messrs.  Hyde,  Wilhelm  and  Miller, 
presented  a  tabulation  to  permit  a  comparison  between  the 
estimated  cost  of  the  proposed  purification  works  outlined 
in  their  report  and  the  costs  of  similar  structures  of  the 
same  character  built  elsewhere  in  the  United  States.  The 
comparisons,  of  course,  are  rough,  since  no  two  plants 
have  identical  conditions  to  meet  and  therefore  are  not 
exactly  alike.  The  figures,  however,  are  of  interest  as 
showing  the  general  investment  requir,ements  in  plants 
of  this  character.  In  the  table,  that  follows,  the  cost  fig- 
ures are  given  per  1,000,000  gal.  nominal  daily  capacity 
of  filters,  and  are  supposed  to  include  coagulation  basins, 
filters,  head  and  filter  houses  and  filtered  water  basins: 

2S-S  ojg  cfco  3^  go 

Name    of   place.  — ^  **  >.'~ r-,  >.?-<  ^  ■- '^  £■ 

A-tio-o  Oc:-H  U,S,a  bo  C^ccc 

1.     New  York  (proposed) 320  S8  365  $16,100 

•1.     Baltimore,    Md 12S  16  17.8  10.900 

3.  Cincinnati,    0 112  22.5  19.5  11,400 

4.  Neu-  Orleans,  La 40  42.2  15.4  30,200 

.").     Minneapolis,    Jlinn 39  5.6  50                    

6,     Toledo.  0 39  10  26  14.500 

?.     Little   FaUs,    N.    J 32  7  3.5  15,000 

5.  Columlnis'.    O     30  1,')  10  15,200 

•^.     Trenton.    N.    J 30  3.8  1,2  12,000 

10.  .New   .Mllford.   N.   J 24  11.5  2.0  11.000 

11.  Grand    Uapid.s,    Mich 16  2.6  2.8  16.300 

12.  Niaq:ara  Falls.  N.  V 16  2.0  0.5  16.000 

I.;.  Harrisburg,   Pa 15  0.33  0.62  10,300 

11.  Dallas,   Texas   15               ...  13,000 

15.  Evanston.    HI 12  0.83  2.0  17,000 

Ifi.  Flint,  Mich 8  1.25  2,0  18,000 

17  Watertown.    N.    Y S               ...  11,300 

18.  Lorain.  0 6  0.58  0.29  14,000 

10.  Steubenville,    0 6               ...  22,000 

20.  Jackson.  Miss 4              ...  17.000 

Straight  averages 45  14.3  32.4  $15,330 

Weighted  averages ....  13,700 

Sacramento  proposed*   ...      30  11.0  5  0  $13,800 

.Authorities:  .lournal  of  the  .\merican  Water  Works  .Association, 
1914:  (1)  G.  .\.  Johnson,  p.  512:  (2)  Including  low  lift  pumping  station, 
.1.  \V.  .\rmstrong,  p.  497:  (3)  G.  A.  Johnson,  p.  69:  (4)  Including  very 
fxpi'nsive  foundations,  etc.,  J.  H.  Gregory,  p.  473:  (5)  Not  available  at 
this  (late;  (6)  J.  II.  Gregory,  p.  472:  (7)  G.  A.  Johnson,  p.  69:  <S)  Ex- 
cluding softening  works.  G.  .\.  Johnson,  p.  511;  (9)  G.  A.  Johnson,  p. 
5;i:  <lo)  G.  A.  Johnson,  p.  69:  (11)  J.  H.  Gregory,  p.  472:  (12)  C.  B. 
Buerger,  p.  492:  (13)  G.  .\.  .lohnson,  p.  69:  (14)  G.  .A.  Johnson,  p.  69:  (15) 
C.  B.  Buerger,  p.  492:  (16)  C.  B.  Buerger,  p.  492:  (17)  G.  .\.  Johnson, 
p.  69:  (IS)  G.  .\.  Johnson,  p.  69;  (19)  C.  B.  Buerger,  p.  492;  (20)  C.  B. 
Buerger,  p.  4S2. 

•The  Sacramento  estimates  do  not  include  land  or  low  lift  pumping 
equipment. 


SAND  COLLECTING  DEVICE. 

An  interesting  device  is  used  at  the  Chain  of  Rocks 
filtration  plant  of  St.  Louis,  Mo.,  for  collecting  from  the 
filter  beds  samples  of  the  sand  at  various  depths  simul- 
taneously. The  arrangement  consists  of  15  telescoping 
copper  cans  3  in.  in  diameter  and  3  in.  high,  provided 
with  'i-in.  by  ''.i-in.  openings  near  the  top,  covered  with 
rubber  slip  valves,  each  having  an  air  vent  pro.iecting 
above  the  water  when  submerged.  The  cans,  fastened  on 
a  frame,  are  lowered  into  the  sand  while  washing,  and  all 
the  slip  valves  being  removed  at  once  a  good  sample 
I  nearly  two-thirds  of  a  canful)  can  be  obtained  at  the 
various  depths. 
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ENGINEERING 
AND      CONTRACTING 


A  NOVEL    REINFORCED     CONCRETE     SEWER 
VIADUCT. 

Contiiljuted   by  Frank  C.   Perkins,   Buffalo,   N.    y. 

The  accompanying  illustrations  show  the  construction 
of  a  novel  reinforced  concrete  sewer  viaduct  which  was 
recently  built  in  Duluth,  Minn.  .It  is  pointed  out  by  En- 
gineer E.  Dow  Dilman  of  the  Division  of  Public  Works 
of  Duluth,  Minn.,  to  whom  the  writer  is  indebted  for 
photographs  and  data,  that  there  are  a  number  of  gul- 
leys  and  ravines,  which,  with  the  steep  grades  encoun- 
tered, make  the  municipal  engineering  problems  costly 
and  difficult  in  that  city. 

It  was  found  that  8-in.  pipe  in  Fifth  St.,  from  18th  to 
24th  Aves.,  east,  was  inadequate  ,to  carry  the  sewage 
from  the  rapidly  developing  territory  which  it  served, 
and  plans  were  prepared  for  a  15-in.  relief  sewer.  The 
old  8-in.  pipe  is  carried  across  the  ravine  at  22d  Ave., 
east,  in  a  wooden  housing  supported  by  a  pipe  trestle. 
The  Assistant  Engineer  states  that  this  has  never  been 


Combination    Footway    and    Sewer    Pipe    Viaduct    at    Duluth,    Minn. 

satisfactory  as  it  has  leaked,  requiring  high  maintenance 
costs,  and  cannot  be  considered  a  permanent  structure. 
It  was  decided  to  use  a  reinforced  concrete  viaduct  to 
carry  the  15-in.  pipe  across  the  ravine.  The  original 
design  for  the  viaduct  was  for  a  girder  type  of  three 
spans,  about  36  ft.  long,  each.  The  girder  was  designed 
to  carry  only  the  sewage  and  wind  and  snow  loads,  the 
top  being  designed  an  A-shape. 

When  the  work  was  well  under  way,  the  piers  com- 
pleted, and  all  the  steel  had  been  delivered  and  bent  to 
shape,  the  possibility  of  using  the  structure  to  serve  a 
double  purpose  became  apparent.  The  roadway  is  car- 
ried across  the  ravine  by  a  bridge  only  20  ft.  wide,  on 
which  no  foot  walk  is  provided.  Pedestrians  were  forced 
to  step  into  the  street,  where  in  wet  weather  they  were 
splashed  with  mud  from  passing  vehicles.  The  line  of 
the  sewer,  which  was  laid  in  the  boulevard  back  of  the 
curb,  was  nearly  on  the  line  of  the  sidewalk,  and  the 
grade  was  such  that  the  top  of  the  viaduct  would  come 
but  slightly  below  the  elevation  of  the  walk. 

It  is  stated  that  the  location  is  in  one  of  the  best  resi- 
dence districts  in  Duluth,  and  the  plain  concrete  via- 
duct would  have  been  an  unsightly  addition.  The  idea 
of  providing  a  walk  over  the  top  of  the  viaduct  was  sug- 
gested to  the  City  Council  and  was  approved.  The  steel 
already  on  hand  had  to  be  used.  The  stirrups  bent  to 
the  original  design  were  not  high  enough,  and  the  shear 


above  the  stirrups  was  cared  for  by  bending  the  rein- 
forcing bars  of  the  cantilever  walk  down  to  the  center  of 
the  beam.  Additional  steel  was  required  in  the  bottom 
and  was  provided  by  additional  rods.  It  would  have  been 
preferable  to  have  provided  and  required  area  by  a  fewer 
number  of  larger  units,  but  with  the  change  in  design 
this  was  impossible. 

In  the  endeavor  to  make  the  additional  cost  as  low 
as  possible,  Engineer  Gilman  states  that  concrete  posts 
instead  of  iron  posts  were  used.  This  did  away  with  a 
large  number  of  costly  fittings  and  allowed  stock  lengths 
of  pipe  to  be  used.  The  result  was  not  only  economical, 
but  was  also  more  pleasing  in  appearance  than  the  pipe 
posts  would  have  been.  The  design  of  the  piers  had 
been  determined  by  their  appearance  of  stability.  Piers 
of  just  suflScient  size  to  have  carried  the  load  would  have 
been  unsightly,  slender  supports.  Therefore  no  changes 
were  necessary  in  the  design  of  the  piers.  No  e.xpansion 
joints  were  used,  though  two  layers  of  tar  paper  were 
placed  over  each  abutment  to  allow  of  some  sliding  at 
these  points. 

The  sewer  in  this  district  is  used  for  both  storm  and 
sanitary  sewage  and  the  relief  sewer  was  to  be  used  only 
during  the  rainy  months,  and  it  was  unnecessary  to  provide 
against  freezing.  A  15-in.  galvanized  iron  pipe  was  used 
as  a  form  through  the  viaduct.  It  is  of  interest  to  note 
that  the  total  cost  of  the  structure,  including  all  engineer- 
ing expense,  materials,  labor  and  supervision,  was  $1,- 
792.82,  of  which  the  rails  and  posts  cost  $100.37,  with 
a  unit  cost  of  $0.48  per  linear  foot  of  railing,  while  the 
total  added  cost  due  to  the  walk  was  $348.31,  a  unit  cost 
of  $0.51  per  square  foot. 

In  this  structure,  86  cu.  yd.  of  concrete  were  used,  mak- 
ing a  total  unit  cost  for  the  whole  job  of  $20.86  per  cubic 
yard,  while  the  cost  of  the  material  was  $961.76  with  a 
labor  cost  of  $716.45,  the  engineering  and  supervision 
amounting  to  $114.61,  all  of  which  are  higher  than  they 
would  be  for  duplicating  the  work  if  originally  designed 
as  finally  constructed. 


BEHAVIOR   OF    LIMESTONE   STREAMS    DURING 
DROUGHT. 

An  interesting  comparison  of  the  yields  of  streams 
draining  limestone  and  non-linestone  areas  during  times 
of  drought  is  given  in  the  lately  issued  1915  report  of 
the  Water  Supply  Commission  of  Pennsylvania.  The 
comparison  is  for  Spring  and  Bald  Eagle  creeks,  in  Center 
County,  whose  drainage  areas  adjoin  and  are  practically 
of  the  same  size  above  the  mouth  of  Spring  Creek,  near 
which  point  the  Commission  maintains  gaging  stations 
on  both  streams.     The  figures  are  as  follows : 

COMPARISON   OF    UMESTONE;    AND   NON-LIMESTONE    YIELDS; 
PER    CENT    OF    YIELD    TO    PRECIPITATION. 

Spring  Creek  (lime-  Bald  Eagle 

stone.)  Creek. 

Month.                           (Drainage  area,   145  (Drainage 

sq.  miles.)  area,  I-IO  sq.  mi.t) 

1911-1914.                1914.  1911-1914.          1914. 

.September    (4S*)  279                 971  24                    14 

October    58                   60  37                      2 

November    92                 118  44                      9 

December    S4                   45  .■i4                      8 

.January,   1915 100                  43  S8                    68 

*Does  not  include  1914.     t-At  Milesburg. 

The  table  indicates  that  Spring  Creek,  a  limestone 
stream,  yielded  nearly  ten  times  the  precipitation  over  its 
watershed  during  September,  1914,  60  per  cent  during 
October,  1914,  118  per  cent  during  November,  1914,  and 
45  per  cent  during  December,  1914,  while  the  yield  from 
Bald  Eagle  Creek  was  very  low,  varying  between  two  and 
fourteen  per  cent.  The  natural  regulation  of  Spring  Creek 
is  also  shown  by  the  yield  of  43  per  cent  of  the  precipita- 
tion during  January,  1915,  which  was  approximately  the 
same  as  for  December,  1914,  while  the  yield  from  Bald 
Eagle  Creek  jumped  from  8  to  68  per  cent  due  to  the 
rains  of  December,  1914,  and  January,  1915.  These  fig- 
ures are  representative  of  how  limestone  streams  draw  on 
their  subterranean  sources  of  supply  during  a  drought 
and  produce  much  larger  summer  and  fall  rates  of  flow 
than  those  streams  draining  other  geological  formations, 
while  later  heavy  rainfalls  replenish  the  limestone  caverns 
or  subterranean  reservoirs. 
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GARBAGE   COLLECTION   AND   DLSPOSAL   BY   A 
SMALL  CITY. 

The  Borough  of  Sewickley,  Pa.,  a  residential  suburb  of 
about  5,000  population,  has  one  of  the  most  up-to-date 
garbage  collection  systems  of  any  city  of  its  size  in  this 
country.  An  e.xcellent  description  of  the  Sewickley 
method  was  given  by  Mr.  Edward  E.  Duff,  Jr.,  in  a  paper 
presented  at  the  recent  convention  of  the  American  So- 
ciety of  Municipal  Improvement.  Extracts  from  this  paper 
are  given  below: 

The  Borough  has  an  area  of  about  one  square  mile, 
with  a  taxable  property  valuation  of  $7,250,000.  Prior 
to  1907  the  garbage  was  hauled  to  the  bank  of  a  small  run 
within  the  Borough  limits  where  it  was  carefully  washed 
and  subsequently  buried.  In  1907  a  12-ton  incinerator 
was  purchased  from  the  Dixon  Garbage  Crematory  Co., 
and  erected  in  a  suitable  two-story  brick  building  on 
property  purchased  by  the  Council  at  one  corner  of  the 
Borough  on  the  Ohio  river  bank. 

To  supply  the  Borough,  1,357  cans  are  now  in  active 
use,  1,285  of  which  are  at  the  residences,  and  72  on  one  of 
the  wagons  as  exc'hange  cans.  The  cans  are  made  of 
galvanized  iron,  weigh  17H  lb.  when  empty,  and  have  a 
capacity  of  about  11  gal.  They  are  ordered  from  the 
following  specifications,  which  have  'been  revised  from 
year  to  year  as  weaknesses  have  developed  in  any  feature: 
12^4  in.  diameter  by  19' o  in.  high,  20  gage  iron  in  body 
and  bottom,  26  gage  tight  fitting  lid  I'o  in.  deep,  wrought 
iron  hoops  's  in.  by  l^/-j  in.  shrunk  around  top  and  bot- 
tom, heavy  drop  handles  4^2  in.  from  top.  All  cans  and 
lids  must  be  thoroughly  galvanized  and  be  guaranteed 
against  leakage.  These  cans  are  purchased  in  lots  of  200 
to  400  each  year  at  prices  varying  from  $1.00  to  $1.60 
each,  depending  on  the  current  prices  of  the  raw  ma- 
terials. The  cans  are  subjected  to  hard  usage  and  the 
records  show  their  life  to  be  from  3' 2  to  4  years.  One 
of  the  main  sources  of  damage  is  due  to  householders 
using  the  can  as  a  convenient  place  to  burn  waste  paper. 

The  cans  are  placed  by  the  collectors  in  any  location 
convenient  for  the  householder,  and  while  their  use  is 
primarily  for  garbage,  all  kinds  of  refuse  is  found  in 
them,  such  as  paper,  bottles,  cans  and  even  occasionally  a 
dead  cat. 

Two  specially  constructed  wagons,  carrying  72  cans 
each,  were  built  by  the  Borough  for  the  collection  of  the 
garbage.  The  wagons  consist  of  a  flat  bed  or  floor  set 
above  the  wheels  about  4  ft.  above  the  street  level,  and 
having  a  few  uprights  around  the  sides  to  which  chains 
are  fastened  to  prevent  the  cans  from  falling  off.  The 
cans  are  placed  in  six  rows  with  twelve  cans  to  a  row 
and  as  the  empty  cams  are  taken  from  the  wagon  to  re- 
place the  full  cans,  the  driver  or  the  collector  shifts  the 
remaining  empty  cans  to  the  outside. 

Collections  are  made  once  each  week  in  the  residence 
districts,  except  during  the  summer  season  when  there 
is  an  unusual  amount  of  vegetable  refuse,  such  as  corn 
husks,  watermelon  rinds,  etc.,  when  three  collections  are 
made  in  two  weeks.  The  hotels,  restaurants,  hospital  and 
other  places  where  an  unusual  amount  of  garbage  is 
found  have  two  collections  each  week.  From  one  to  five 
cans  are  left  at  each  residence  and  as  many  as  11  or  12 
cans  at  the  hospital  and  hotels,  depending  of  course  on 
the  actual  need  and  the  garbage  accumulating.  It  has 
been  found  that  two  cans  per  week  give  ample  accommo- 
dation for  the  average  family,  and  where  it  is  necessary 
to  supply  more  than  two  cans,  the  additional  cans  must 
be  purchased  by  the  householder,  and  these,  of  course,  are 
exchanged  the  same  as  those  owned  by  the  Borough.  In 
collecting,  the  lids  are  not  removed  from  the  cans  from 
the  time  they  leave  the  residence  until  they  reach  the 
furnace,  and  there  is  consequently  no  nuisance  created 
emptying  from  one  can  to  another  or  from  the  can  to  a 
wagon.  The  lids  fit  tight,  and  the  cans  are  kept  so  clean 
that  there  is  little  or  no  odor  about  the  wagon.  The 
usual  unpleasantness  generally  associated  with  a  garbage 
wagon,  such  as  the  rattling  and  banging  of  cans  and  the 
slamming  of  the  doors  on  the  familiar  steel  wagon,  is  con- 
spicuous by  its  absence. 


The  present  needs  require  the  use  of  only  one  team  of 
honses  and  one  wagon  in  the  collection  work,  the  second 
wagon  being  loaded  at  the  furnace  for  the  next  trip.  In 
charge  of  a  driver  and  collector,  both  of  whom,  however, 
act  as  collectors  when  necessary,  each  taking  one  side 
of  a  street,  the  wagon  makes  four  trips  per  day, 
bringing  285  cans  to  the  furnace  having  a  total 
average  net  weight  of  four  tons.  This  is  at  the  rate  of 
85,540  cans  per  year,  having  a  weight  of  1,200  tons. 
An  additional  ton  of  garbage  is  received  each  day  in  bulk 
from  the  grocery  and  fruit  stores,  making  a  daily  incin- 
eration of  five  tons  and  a  yearly  incineration  of  about 
1,500  tons. 

The  Borough  is  1  mile  long  and  approximately  1  mile 
wide,  so  that  in  going  from  the  garbage  furnace  to  the 
diagonally  opposite  corner  of  the  Borough,  the  garbage 
wagon  covers  on  the  round  trip  about  SVs  miles,  making 
collections,  however,  for  only  %  of  a  mile  in  this  dis- 
tance. The  shortest  route  is  1%  miles  and  collections 
are  made  for  only  V2  mile  before  the  wagon  is  loaded. 
Due  to  more  convenient  location  of  the  cans  in  the  first 
mentioned  district,  the  trip  is  completed  in  2  hours, 
while  it  requires  VU  hours  to  do  the  work  on  the  short 
trip.  Eighteen  routes  are  covered  by  the  wagon  in  4V2 
days,  in  which  time  one  collection  is  made  throughout 
the  Borough.  The  remaining  day  and  one  half  is  used 
making  the  second  collection  for  the  week  in  the  business 
district. 

Upon  arriving  at  the  furnace  with  a  load,  the  wagon 
is  left  in  front  of  the  big  door  of  the  furnace  building, 
and  while  the  driver  is  hitching  the  horses  to  the  extra 
wagon,  which  has  previously  been  loaded  with  clean 
empty  cans,  the  collector  assists  the  furnace  man  in 
emptying  the  garbage  into  the  incinerator  until  such  time 
as  the  driver  is  ready  to  leave,  which  is  usually  about 
five  minutes. 

During  the  winter  months  when  the  wet  garbage  is 
frozen  it  is  necessary  to  thaw  the  garbage  before  it  can 
be  emptied  from  the  can.  A  short  application  of  a  jet  of 
steam  from  the  hot  water  heater  will  allow  the  garbage 
to  be  removed.  The  use  of  bars  or  hooks  for  this  purpose 
is  prohibited  because  of  the  damage  likely  to  occur  to  the 
cans. 

In  the  period  of  lU  to  2  hours  usually  elapsing  be- 
tween loads,  the  furnace  men  allow  15  minutes  to  empty 
garbage  into  the  furnace,  20  minutes  to  wash  the  cans, 
and  25  minutes  to  load  the  72  cans  on  the  extra  wagon 
and  arrange  it  for  the  next  trip.  The  remaining  time  is 
spent  firing  the  furnace,  hauling  ashes,  etc. 

Coal  is  used  in  the  furnace  to  burn  the  garbage,  while 
coke  is  burned  in  the  flue  to  complete  combustion.  Al- 
though the  garbage  plant  is  located  within  300  yd.  of 
some  of  the  best  residences  there  is  no  complaint  at  any 
time  of  objectionable  odor. 

All  the  cans  are  thoroughly  cleaned  with  scalding  water 
before  they  are  again  placed  in  active  use.  Five  cans 
are  placed  on  a  rack  at  one  time,  and  after  they  are  thor- 
oughly clean,  they  are  placed  on  the  wagon  for  service. 
It  is  very  seldom  that  complaints  are  received  regarding 
dirty  cans. 

The  total  investment,  exclusive  of  real  estate,  might 
be  distributed  as  follows: 

Ruilding.  driveway,  platform  and  incinerator j  8,500 

Two  horse.s'  and '  harness.' '.'.'.'.'.'.'.'.'. ^'2X2 

Two  wagons  i'f" 

1 .357  cans  at  average  price,  $1.25 .',,.'.",';.';.'.'.' .' .' ' ,' .' !  .'.■].'.'.!  i     i  696 

"•"""''    $13,296 

The  average  of  the  yearly  charges  for  the  past  eight 
years  and  ten  months  to  January  1st,  1916,  as  taken  from 
the  annual  report  of  the  Borough  Clerk,  show: 

Waees   (driver,  collector,   two  furnace  men) $■>  figq 

(  oal  and  coke  (about  650  tons  per  vear) B?i 

FreiKlit  on  coal,   coke,   firebrick,   etc S?n 

Kepairs  (relinlng  furnace,  grate,   bars,  etc.).".'.' 2^7 

Hr'^/i^fS'^.i  *"''*   '"surance   on    buildings   and    plMoTm)'.'.'.'.'.'.'.:.'.        3.3 

Blacksmithing   ?5? 

Cans  ; "< 

v^^'^S'"'""^'"''  «''P«"se  (rebuild'  driveway'and'pl'atfot'm',' etc!).' .'.'.'        76 

Credit  (sale  of  cans  and  coal) .'...!...!,.!..!!....!.'!!!!!!!!!";;        33 

Total  average  cost  per  year .^ijii? 
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Of  this  total  amount,  one-half  of  the  cost  of  wages  (2 
men),  all  of  the  coal  and  coke,  90  per  cent  of  freight 
charges,  90  per  cent  of  repairs,  all  insurance,  10  per  cent 
of  blacksmithing  and  one-half  of  the  miscellaneous,  mak- 
ing a  total  of  $2,616  are  charged  entirely  to  incineration, 
leaving  a  balance  of  $2,381  as  the  cost  of  collection.  This 
amount  is  raised  by  about  seven-tenths  of  a  mill  tax  on 
the  valuation  of  $7,250,000. 

On  the  basis  of  the  above  figures,  and  exclusive  of  any 
interest  on  the  investment  or  sinking  fund  charges,  it  has 
cost  $1.00  per  inhabitant  per  year  to  collect  and  incin- 
erate the  garbage,  of  which  amount  52  ct.  was  spent  for 
incineration  and  48  ct.  for  collection.  On  the  basis  of 
1,500  tons  per  year,  it  has  cost  $3.33  to  collect  and  in- 
cinerate each  ton. 


SEWAGE  TREATMENT   PLANTS  IN  OHIO. 

A  classification  of  the  sewage  treatment  plants  in  Ohio 
is  given  in  an  appendix  to  the  report  of  the  Committee 
of  Sewage  Works  Operation  and  Analytical  Methods  of 
the  Sanitary  Engineering  Section  of  the  American  Public 
Health  Association,  presented  on  Oct.  26  at  the  Cincin- 
nati meeting.  The  classification  was  prepared  by  Mr. 
W.  H.  Dittoe,  Chief  Engineer  of  the  Ohio  State  Board  of 
Health  and  is  as  follows: 

Class  1 — Municipal  sewage  treatment  plants.  These 
include  plants  of  various  types  installed  to  serve  the  en- 
tire area  of  a  municipality  or  the  major  portion  thereof. 

Class  2 — Sewage  treatment  plants  for  realty  allotments 
and  districts  of  a  municipality.  These  include  plants  prin- 
cipally installed  as  private  enterprises  in  connection  with 
the  development  of  real  estate  either  within  or  without 
an  incorporated  municipality.  They  also  include  plants 
which  serve  small  sections  of  a  municipality. 

Class  3 — Sewage  treatment  plants  for  individual  estab- 
lishments. These  include  plants  installed  for  the  treat- 
ment of  sewage  from  industrial  plants  and  are  not  to  be 
confused  with  plants  installed  for  the  treatment  of  indus- 
trial wastes. 

Class  4 — Sewage  treatment  plants  for  public  institu- 
tions. Public  institutions  cover  state,  municipal  and 
county  institutions. 

Class  5 — Sewage  treatment  plants  for  private  institu- 
tions, country  clubs,  etc. 

Class  6 — Sewage  treatment  plants  for  summer  resorts, 
Chautauqua  grounds  and  summer  camps. 

Class  7 — Sewage  treatment  plants  for  school  buildings. 

The  following  table  gives  the  number  of  plants  in  each 
class  at  present  existing  .and  under  construction. 

E-XISTING    Sl-:\\-ACK    TREAT.MEXT    FLAXTS    IX    OHIO,    AUGUST, 


Total. 


Population  designed  for — 

Class  1 

Class  2 

1916. 
Less 
than  500. 

1 

..      10 

6 

500  to 

10.000. 

49 

1 

1 

9 

1 

3 

6+ 

Over 
10,000 
6 

Class  4 

Class  5 

Class  6 ' 

Class  7 

..     31 
..      13 
1 
30* 

Totals     

92 

6 

•Approximately. 

56 

11 

7 

40 

4 
30 

162 


The  data  regarding  the  first  6  classes  are  as  accurate 
as  it  is  possible  to  obtain  it.  The  approximate  number 
of  installations  for  treatment  of  sewage  from  school 
buildings  is  given.  During  the  years  1912  to  1916  (August 
1st)  the  State  Board  of  Health  has  approved  plans  for 
sewage  treatment  devices  for  60  school  buildings  and  it 
is  estimated  that  about  30  of  the  installations  have  been 
made.  They  include  treatment  devices  ranging  from 
tanks  to  complete  plants  involving  intermittent  sand 
filters. 

In  addition  to  the  existing  plants  given  in  the  table, 
6  plants  under  Class  1  are  being  constructed.  Three  of 
these  are  designed  for  populations  between  500  and  10,- 
000  and  3  for  populations  over  10,000.  The  Columbus 
plant  is  the  only  one  at  present  having  laboratory  control. 
However,  provision  for  laboratory  control  has  been  made 
for  the  new  plants  at  Akron,  Canton,  Alliance  and 
Sandusky. 


ESTIMATED     COSTS     OF     HYDROELECTRIC 
PLANTS  ON  WINNIPEG  RIVER. 

Estimated  costs  based  on  actual  experience  under  sim- 
ilar conditions  are  always  interesting  and  often  of  great 
value.  The  Canadian  government  has  just  published  a 
"Report  on  the  Winnipeg  River  Power  and  Storage  In- 
vestigations," by  J.  T.  Johnston,  Chief  Hydraulic  Engi- 
neer. The  report  is  a  500-page  volume,  remarkable  for  its 
completeness.  It  summarizes  the  engineering  investiga- 
tions and  estimates  relating  to  seven  proposed  develop- 
ments totaling  313,500  hp.,  at  an  estimated  average  cost 
of  $78  per  hp.  at  the  power  sites,  exclusive  of  transmis- 
sion lines. 

In  the  estimates  it  will  be  noted  that  10  per  cent  was 
allowed  for  contingencies,  5  per  cent  for  engineering 
and  inspection,  and  5.5  per  cent  for  interest  during  con- 
struction. We  give  below  the  first  cost  and  annual  cost 
of  one  of  these  developments,  that  at  Pine  Falls,  totaling 
100,000  hp. 

The  question  of  the  advisability  of  publishing  detail 
capital  and  operating  cost  estimates  was  at  first  debated, 
as  it  was  felt  that  they  might  be  open  to  criticism  and 
that  conditions  changing  with  the  passage  of  time  would 
possibly  very  materially  alter  the  published  figures.  It 
was  thought,  however,  that  the  advisability  of  supplying 
prospective  users  of  power  with  some  conservative  and 
authoritative  measure  whereby  the  economic  as  well  as 
the  engineering  merits  of  the  various  sites  could  be  read- 
ily compared,  and  with  which  competing  sources  of  power 
could  be  analyzed,  more  than  outweighed  other  considera- 
tions. To  neutralize  possible  future  criticism  of  the  pub- 
lished estimates,  care  has  been  taken  to  supply  such  plans 
and  data  covering  each  site  as  will  enable  independent 
estimates  being  made  by  any  parties  interested  in  its  de- 
velopment. 

In  view  of  the  fact  that  it  is  not  possible  at  this  stage 
to  foretell  which  plants  along  the  Winnipeg  River  will  be 
utilized  for  the  purpose  of  transmitting  power  to  the 
industrial  centers  of  Manitoba,  and  which  ones 
will  develop  power  for  local  use,  the  cost  esti- 
mates place  the  power  on  the  low  tension  switch- 
board in  the  power  station.  With  the  exception 
of  Pine  Falls  site  no  allowance  has  been  made  for 
transformation  and  transmission.  The  purpose  of  the 
estimates  has  been  primarily  to  arrive  at  the  capital  cost 
of  the  actual  development  of  the  independent  sites,  and 
by  standardization,  both  as  to  design  and  as  to  unit 
prices,  to  compare  the  sites  with  each  other  from  the 
viewpoint  of  their  economic  feasibility.  Since  the  basis 
of  estimates  is  standardized  throughout,  a  study  of  the 
results  submitted  herewith  will  be  found  of  interest. 

The  general  costs  quoted  are  based  on  a  24-hour  output, 
at  75  per  cent  over-all  efficiency,  as  this  forms  a  uni- 
form and,  considering  the  more  than  90  per  cent  effi- 
ciencies claimed  for  modern  turbine  runners,  conserva- 
tive measure  for  comparison.  The  figures  on  this  basis, 
scarcely  do  the  developments  justice,  since  in  them  no 
account  is  taken  of  peak  loads  and  of  the  re-sale  of 
power  such  as  is  always  possible  in  plants  projected  for 
the  supply  of  power  for  general  industrial  and  lighting 
consumption.  In  all  designs  ample  machine  capacity  has 
been  allowed  to  care  for  all  peak  loads  which  can  be 
reasonably  expected,  and  to  supply  spare  units  for 
emergencies.  This  over-development  has  added  largely 
to  the  estimated  cost  of  the  plants  and  hence  to  the  unit 
cost  when  the  latter  is  based  on  24-hour  power.  On  the 
other  hand,  costs  per  horse-power,  based  on  the  installa- 
tion, frequently  convey  erroneous  ideas  as  to  economic 
efficiencies,  since  local  conditions  or  an  auxiliary  steam 
plant  frequently  permit  the  excessive  over-development 
of  a  particular  power  site  in  proportion  to  the  depend- 
able power  available  from  the  river.  However,  in  the  de- 
signs and  estimates  considered  herein,  the  machinery 
installed  bears,  in  all  cases,  a  definite  ratio  to  the  power 
in  the  river,  and  this  ratio  cannot  be  considered  too  high 
in  plants  handling  normal  industrial  and  lighting  loads. 
The    unit  costs   based   on   installation    can   therefore  be 
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profitably  studied  in  conjunction  with  the  unit  costs  on 
a  24-hour  basis. 

In  all  cases  provision  has  been  made  for  access  to  the 
site  by  rail,  or  in  the  case  of  the  Pine  Falls  plant,  by 
water.  In  each  case  10  per  cent  has  been  allowed  for 
contingencies,  5  per  cent  on  this  total  for  engineering 
and  inspection,  and  5'j  per  cent  on  the  whole  for  one 
year  for  interest  during  construction. 

The  actual  cost  of  the  construction  of  the  two  existing 
plants  on  the  river  has  been  carefully  studied  and  com- 
pared with  the  estimated  costs  of  the  various  proposed 
developments.  Independent  estimates  by  private  engi- 
neering firms  have  also  been  found  to  check  closely  with 
the  capital  costs  herein  submitted.  The  estimates  may 
therefore  be  taken  as  setting  out  conservatively  and 
closely  the  capital  construction  cost  of  the  proposed  sites. 

As  in  the  case  of  the  capital  costs,  the  annual  opera- 
tion costs  have  been  estimated  to  a  uniform  standard,  and 
hence  form  a  measure  whereby  the  commercial  prospects 
of  the  difl'erent  projects  can  be  readily  compared. 

The  operation  costs  include  capital  charges  and  are 
published  in  terms  of  cost  per  horse  power  year  24-hour 
power;  cost  per  horsepower  year  machinery  installed; 
cost  per  kilowatt  hour  at  100  per  cent  load  factor,  and 
cost  per  kilowatt  hour  at  50  per  cent  load  factor.  These 
costs  represent  the  operating  charges  at  the  power  sta- 
tion, and  do  not  include  transforming  and  transmission. 

In  order  to  secure  a  proper  understanding  of  the  cost 
of  power  in  Winnipeg,  the  estimated  cost  of  transmitting 
power  from  the  Pine  Falls  site  to  Winnipeg  has  been 
included. 

In  view  of  the  involved  nature  of  the  storage  situation 
in  the  upper  water-shed,  the  proportionate  cost  of  storage 
reservoir  construction  has  not  been  included  in  the  esti- 
mates of  the  various  sites.  The  necessary  steps  to  insure 
20,000  second-feet  minimum  flow  are  dependent  largely 
upon  the  course  of  power  development. 

Final   Development. —  (Ten   10,000-hp.   units.) 

Ill  CAPITAL  Cn.<r  OF  IXSTALLATIOX. 

Dam   and  equipment $    381.000 

Ice  sluices    Gl.OOn 

Power  station  and  equipment 95S,Ono 

Hydraulic    installation    900,000 

Electrical    installation     1.200.000 

Dockajce    facilities    

Permanent   quarters    

Contin,^encies.   10  per  cent 

Engineering:  and  inspection.  5  per  cent 

Interest  during  construction.  Z>ii  per  cent 

Flooding  damages    


50,000 

25.000 

35S.000 

197,000 

237.000 

r.0.000 


Total    final  cost 

Twenty-four  hour  power  available  at  75  per  cent  over-all  effi 
ciency,  63.100  horsepower. 

Capital  cost  per  24  -hour  horsepower 

Capital  cost  per  installed  horsepov>er 

(2)   ANXUAL,  COST  OF  0PER.\T10N. 

Interest,  sinking  fund,  and  depreciation  charges — 

Interest,  ."  U  per  cent  on  $4,t07,oOO $ 

Sinking  fund,  4  per  cent  ( 10-year  bonds) 

Depreciation — 

1  per  cent  on  permanent  works J12,000 

4  per  cent  on  machinery,  etc 90.000 


Operation  charges — 

Staff     $29,000 

Supplies    28,000 


$4,407,000 


(>9.S4 
44.07 


242.000 
4r,,000 


102,000 


57.000 

Total  annual   charge $    447.000 

Annual  cost  per  horsepc-wer  year.  24-hour  power $7.08 

Annual  cost  per  horsepower  year,  machinery  installed 4,47 

Annual  cost  per  kilowatt  hour O.IOS  cent 

Annual  cost  per  kilowatt   hour  on  basis  of  ."-O  per  cent  load 
factor    0.216  cent 

An  analysis  of  the  power  situation  would,  however,  be 
incomplete  unless  some  idea  were  given  as  to  the  cost 
of  transmitting  the  power  to  the  nearest  industrial  mar- 
ket, i.  e.,  the  city  of  Winnipeg.  To  this  end,  the  follow- 
ing estimate  of  cost  of  transmission  from  the  Pine  Falls 
site  to  the  low-tension  switchboard  in  the  transformer 
house  in  Winnipeg  is  appended. 

The  estimates  herewith  are  based  on  an  intial  and  final 
development;  the  capital  cost  to  the  low-tension  switch- 
board in  the  power  station  has  been  brought  forward 
from  the  detailed  estimates  of  the  Pine  Falls  develop- 
ment.    The  transmission   distance  is   60  miles. 


The  power  station  as  designed  does  not  include  pro- 
vision for  step-up  transformers,  and  hence  a  separate 
building  has  been  provided  at  the  site,  together  with  a 
step-down  station  in  Winnipeg.  At  the  river  station  six 
6,000  k.w.,  6,600-66,000-volt  transformers  have  been  pro- 
vided for  the  initial  installation,  and  ten  in  the  final.  In 
the  Winnipeg  station  corresponding  provision  has  been 
made  after  allowing  for  a  10  per  cent  line  drop.  The  re- 
sulting costs  place  the  power  ready  for  distribution  in 
Winnipeg. 

Final  Development. —  (Ten  10,000-hp.  units.) 

I  I  I   I'Al  ITAL  C0.<;T  of  I.NHTALLATIOX. 
Capit.il  fost  of  installation  to  low-tension  switchboard  at  falls. 

brought    forward    $4,407,000 

Translormer  hojse   at   fall.s $  80,000 

Transformers',  switches,   wiring,   etc 360,000 

Transmission    line    420,000 

Tiansformt;r  house   In  Winnipeg 70,000 

Transformers,  switches,  wiring,  etc 324.000 

1,254.000 

Total    final    cost    $5,661,000 

Twenty-four  hour  power  available  In  Winnipeg,  considering  10 
ner  cent  loss,  56,79(1  horsepower. 

Capital  cost   per  horsepower $99.68 

(2)    AXXIAL   CO.ST   OF   OPERATION. 

Interest,  sinking  fund,  and  depreciation  charges — 

Interest.  5>4  per  cent  on  *5,6r,l,000 $    311,000 

.Sinkine  fund.  4  per  cent  (40-year  bonds) 60,000 

Depreciation — 

i  per  cent  on  permanent  works $  14.000 

4  per  cent  on  machinery,  etc 134.000 

148,000 

Operation  charges — 

.Staff $  45.000 

Supplies    2(1.000 

70,000 

Total   annual   charge $    589.000 

Annual  cost  per  horsepower  year  24-hour  power $10.37 

Annual  cost  per  kilowatt  hour 0.159  cent 

Annual  cost   per  kilowatt   hour  on  basis  of  50  per  cent  load 
factor    0.31S  cent 

As  noted  in  connection  with  the  operating  costs  at  the 
power  sites,  24-hour  continuous  power  is  a  most  con- 
servative basis  on  which  to  base  annual  costs.  The  con- 
ditions under  which  the  Pine  Falls  plant  will  operate  are 
such  that  of  the  above  two  figures,  0.159  cent  per  kilowatt 
hour  the  more  nearly  represents  the  cost  of  power  laid 
down  in  Winnipeg. 


TWO  YEARS  OF  OPERATION  OF  PANAMA 
CANAL. 

Two  years  of  the  operation  of  the  Canal  were  completed 
at  the  close  of  business  on  Aug.  14,  1916,  the  Canal  hav- 
ing been  opened  to  commercial  traflic  on  Aug.  15,  1914. 

During  the  two  years  a  total  of  2,097  ships  made  the 
transit.  Their  aggregate  net  tonnage,  according  to  the 
rules  for  the  measurement  of  vessels  for  the  Panama 
Canal,  was  7,046,407.  The  total  quantity  of  cargo  carried 
through  the  Canal  by  them  was  9,031,613  tons  of  2,240  lb. 

A  summary  of  the  movements  each  way  during  the  two 
calendar  years  is  given  in  Table  I  from  the  Panama  Canal 
Record. 

During  the  year  from  Aug.  15,  1915,  to  Aug.  14,  1916, 
the  Canal  was  closed  approximately  one-half  the  period, 
from  the  middle  of  September  to  the  middle  of  April. 
The  second  year  had  59  per  cent  as  many  ships  as  the 
first,  53.3  per  cent  as  much  net  tonnage,  and  52.8  per  cent 
as  much  cargo. 

Collections  of  tolls  for  the  two  years  have  aggregated 
$7,411,682.26.  A  summary  of  the  earnings  by  months  is 
given  in  this  tabulation: 


llonlh  Tolls. 
August    15   to   31.    1914...$      SS.401 

September   265.600 

October     366.786 

Xoveniter    369.161 

December 407.91 4 

.Tanuarj-,     1915 398.601 

Fehruarj-    383.904 

March    551.092 

April    442.415 

May     -522,676 

June    539.229 

July    573.365 

August  1-14.  1915 :..  192.912 


?.Ionth.  Tolls. 

August  15-31.  1915 $    303.879 

September  349.498 

October    

Xovember    

December   10.826 

January.  1916 654 

Februar>-     834 

March    418 

April    235.618 

May    368.033 

.Tune    363.799 

July    460,122 

August  1-14.  1916 215,943 


Total  first  year. 


.$5,102,063 


Total  second  year. 


.$2,309,618 


First  year  . . 
Second  year 

Total    ... 


Vessels. 
656 
399 

1.055 


Atlantic  to,  Pacific- 
Canal  net         Tonnage 
tonnaee.  of  cargo. 

2.310.500  2.562.482 

1.375.524  1.424.291 


TABLE    I. 


3,.SS6.024 


3.9S6.773 


\'essels. 
661 
381 

1.042 


Pacific  to  Atlantic . 

Canal  net         Tonnage 
tonnage.  of  cargo, 

2.2S6.144  3.346.623 

1.174.239  1,698.317 


3,460,383 


5,044,840 


^*essels. 
1.317 
780 

2,097 


-Total- 


Canal  net 
tonnage. 
4..i96.644 
2.449,763 

7,046,407 


Tonnage 
of  cargo. 
5.909.105 
3.122.508 

9,031,613 
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FLEXIBLE     FLOATING     PUMPING     PLANT 
CALUMET-SAG  CHANNEL. 


ON 


An  economical  floating  pumping  installation  is  employed 
by  James  0.  Heyworth,  contractor,  Chicago,  111.,  on 
Contract  No.  11  of  the  Calumet-Sag  Channel  of  the 
Sanitary  District  of  Chicago.  The  east  end  of  this 
work  is  located  about  one  mile  west  of  Blue  Island, 
111.  The  channel  at  this  point  is  about  39  ft. 
deep  from  the  normal  surface  of  the  ground,  down 
to  grade,  and  as  the  cut  passes  through  more  or 
less    soft    material,    water  collects    in    the    channel    and 


ENGINEERING 
AND     CONTRACTING 

ing  downward.  Each  suction  is  equipped  with  a  Barco 
joint  so  that  in  case  the  barge  settles  onto  the  bottom  of 
the  canal,  either  by  sinking  or  pumping  out  the  water,  no 
damage  will  be  caused  to  the  pumps  by  breaking  of  suc- 
tion pipes,  as  would  be  the  case  if  the  connection  were 
solid.  Each  suction  pipe  is  handled  by  a  small  windlass 
located  on  top  of  the  plant  in  a  framework. 

The  discharge  of  the  two  units  is  brought  together  into 
a  common  12-in.  pipe  line  and  each  discharge  is  equipped 
with  a  gate  valve.  This  12-in.  pipe  extends  outside  of  the 
building,  and  is  firmly  anchored  to  the  barge.  At  the 
edge  of  the  barge  is  a   12-in.  Barco  joint,  then  a  20-ft. 


Fig.    1 — Pumping    Plant   of   James   O.    Heyworth    on   Contract    No.    11.      Calumet    Sag    Channel. 


must  be  pumped  out  while  the  work  is  being  done. 
For  this  purpose  the  floating  pumping  plant  shown  in 
Fig.  1  is  used.  This  plant  consists  of  a  barge  about  16 
ft.  wide  by  20  ft.  long,  having  mounted  on  it  two  8-in. 
American,  type  DSMD,  horizontal,  single  stage,  double 
suction  centrifugal  pumps,  each  designed  to  deliver  2,000 
gal.  per  minute  against  50  ft.  total  head,  and  each  driven 
by  a  35  H.P.,  3-phase,  60-cycle,  440-volt,  General  Electric, 
squirrel  cage  motor  of  865  R.P.M.  full  load  speed. 


Fig.  2 — Interior  View  of  Pumping  Plant. 

The  units  stand  side  by  side  with  parallel  shafts,  the 
suctions  being  on  opposite  sides  of  the  barge.  Each  suc- 
tion pipe  is  10  in.  in  diameter  and  is  equipped  at  the 
point  where  the  pipe  passes  through  the  wall  of  the 
barge,  with  a  10-in.  Barco  ball  and  socket  joint,  and  the 
lower  end  of  each  pipe  is  equipped  with  a  45°  elbow  fac- 


piece  of  standard  steel  flanged  pipe,  and  on  the  slope  is 
located  another  ball  and  socket  joint,  and  from  this  point 
to  the  normal  ground  surface,  the  pipe  line  consists  of 
flanged  asphalted  spiral  pipe.  At  the  upper  end  of  the 
pipe  line,  the  water  is   discharged   into  a   ditch. 

The  pipe  line  is  very  light  in  construction  and  can  be 
without  very  much  effort  lengthened  or  shortened  by  put- 
ting in  or  taking  out  a  length  of  pipe.  This  was  the 
method  used  when  the  plant  was  first  put  in,  as  the  water 
had  to  be  pumped  out  and  the  plant  lowered,  as  the  canal 
deepened. 

Due  to  the  two  ball  and  socket  joints  in  the  discharge 
line,  it  is  possible  for  the  plant  to  rise  or  fall  through  a 
total  elevation  of  15  ft.  v/ithout  cramping  the  pipe  line. 
During  the  flood  in  January  of  this  year,  the  plant  was 
put  to  a  most  severe  test,  as  during  the  few  hours  of  rain, 
water  collected  to  such  an  extent  in  the  canal,  that  the 
plant  floated  upward  9  ft.  and  at  this  elevation  with  both 
units  operating,  handled  something  over  4,000  gal.  per 
minute.  The  quantity  handled  by  the  pumps  equalled  the 
quantity  coming  into  the  canal  and  the  barge  did  not  rise 
farther,  but  after  a  few  hours  it  drained  the  water  out 
of  the  canal  so  that  work  could  be  started  again. 

As  neither  pump  is  equipped  with  a  foot  valve,  an  ordi- 
nary 5x5  double  acting  tank  pump  is  used  in  priming.  The 
discharge  gate  valve  is  closed  and  the  air  exhausted  by 
means  of  this  tank  pump,  at  which  time  the  motor  is 
started,  and  when  up  to  speed,  the  discharge  gate  valve 
is  opened  slowly  and  water  is  delivered  into  the  pipe 
line  up  the  side  of  the  canal. 

The  illustrations  show  only  one  unit,  the  other  having 
been  removed  temporarily  to  a  point  farther  to  the  west' 
on  the  same  contract.  i 

Power  is  obtained  from  Public  Service  Co.  of  Northern 
Illinois  at  a>  rate  based  on  maximum  demand  and  due  tr 
the  low  attendance  charge  and  lack  of  repairs,  it  is  stated 
that  this  plant  is  more  economical  than  the  method  oi 
pumping  by  steam. 


X  o  V  e  m  b  e  r    8,    1916 
WA.    XLVI.      No.    19 

THE  GRAPHICAL  REPRESENTATION  OF  THE 
CAPACITY  OF  MAIN  WATER  PIPES. 

Contributed   by   Cluulfs    W.   SluiiMaii.' 

It  is  common  practice  to  represent  pipes  of  various- 
sizes  by  lines  of  different  widths,  particularly  on  outline 
or  key  maps  of  water  works  distribution  system,  although 
it  is  even  more  common  to  use  lines  of  different  charac- 
ter, such  as  various  combinations  of  dots  and  dashes. 
The  latter  method  of  representing,  like  the  use  of  colors, 
does  not  admit  of  forming  a  mental  picture  of  the  system 
as  a  whole  and  judging  the  relative  sufficiency  of  the 
main  lines  of  supply.  The  method  of  varying  the  widths 
of  the  lines  is  a  help,  but  it  is  much  more  significant  if 
the  widths  of  the  lines  are  made  proportional  to  the  areas 
of  the  pipes.  When  this  is  done  the  relative  carrying 
capacity  can  be  judged  at  a  glance — except,  of  course, 
for  the  effect  of  difference  of  elevation — and  the  result 
is  a  key  plan  \vhich  is  of  much  significance. 

A  plan  of  the  kind  showing  the  piping  system  of  the 
town  of  Belmont,  Mass.,  is  reproduced  in  the  accompany- 
ing figure.  In  this  map  the  smallest  full  line  represents 
a  6-in.   pipe,  and  all  smaller  sizes  are  shown   by  dotted 
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cast  iron  suction  mains  were  installed.  One  system  fol- 
lowed the  east  bank  of  the  Des  Moines  River  for  a  dis- 
tance of  approximately  2,000  ft.,  the  wells  being  located 
in  water  bearing  sand  and  gravel,  connected  to  an  18-in. 
cast  iron  main,  laid  at  a  uniform  grade  of  one-tenth  of  1 
per  cent,  beginning  at  an  elevation  of  2  ft.  above  low 
water  and  terminating  at  the  common  header  of  both 
lines,  at  an  elevation  of  4  ft.  above  low  water. 

This  header  together  with  the  low  lift  pumps,  is  lo- 
cated in  a  concrete  pit  approximately  24  ft.  in  depth,  and 
300  ft.  from  the  river  bank. 

The  second  system  is  located  on  an  island  in  the  river, 
which  it  traverses  for  a  distance  of  800  ft.  Wells  similar 
to  those  on  the  land  system  are  connected  to  the  pipe 
line,  all  being  equipped  with  hermetically  sealed  concrete 
manholes  as  a  measure  of  protection  during  stages  of 
high  water.  The  open  channel  between  the  island  and 
the  main  land  is  200  ft.  in  width,  the  bottom  being  ap- 
proximately 12  ft.  below  the  general  level  of  the  island. 

The  cast  iron  suction  main  was  laid  on  a  uniform 
grade  beginning  at  an  elevation  of  1.60  ft.  above  low 
water  and  ascending  through  a  distance  of  800  ft.  to  a 
point  opposite  the  water  works  station,  to  an  elevation  of 
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Map   Showinci   Carrying   Capacity 

lines.     It  will  be  noted  that  a  16-in.  pipe  requires  about 
as  heavy  a  line  as  it  is  feasible  to  use. 

To  apply  the  method  to  plants  in  which  pipes  larger 
than  16-in.  are  involved  some  modification  must  be  made, 
such  as  using  the  finest  full  line  for  8-in.  or  even  12-in. 
pipe,  representing  the  smaller  sizes  by  dotted  lines,  or 
leaving  them  wholly  out  of  consideration  in  outlining  the 
supply  system;  or  using  double  lines  for  the  larger  sizes 
of  pipe. 


AN  INVERTED  SYPHON  IN  A  SUCTION  MAIN. 

An  inverted  syphon  installed  in  the  collecting  system  of 
the  water  works  of  Boone,  la.,  has  been  in  use  for  over  5 
years  and  no  trouble  attributable  to  this  feature  of  the  in- 
stallation has  been  experienced.  A  description  of  the 
method  employed  in  putting  in  this  syphon  was  given  by 
Mr.  Karl  C.  Kastberg,  City  Engineer,  Des  Moines,  la., 
the  designer  of  the  Boone  plant,  in  a  paper  presented 
on  Oct.  10  before  the  joint  meeting  of  the  Iowa  and  Illi- 
nois section  of  the  .-American  Water  Works  Association. 
E.xtracts  from  the  paper  follow: 

Two  distinct  systems  of  screened  wells  connected  to 

•Of  Xtetcalf  &  Eddy,  fonsulting  Engineers.  Boston  and  Chicago. 


of   Piping   System   of   Beimont,    Mass. 

2.40  ft.  above  low  water.  The  distance  from  this  point  to 
the  pump  pit  in  the  station  is  approximately  550  ft. 

An  air  chamber  was  provided  by  capping  an  18x18x18 
in.  cast  iron  "tee"  and  dropping  the  main  vertically  to 
an  elbow  connection  with  the  inverted  syphon  pipe  under 
the  east  channel  of  the  river.  This  pipe  wa.s  laid  to  a 
carefully  adjusted  vertical  curve  to  conform  as  much  as 
possible  with  the  general  form  of  the  river  bottom. 

A  2-in.  galvanized  iron  pipe  leading  from  the  top  of 
the  air  chamber,  and  carried  down  and  parallel  with  the 
syphon  pipe  crosses  the  channel  and  is  connected  to  a 
wet  vacuum  pump  in  the  pit  building.  The  syphon  and 
air  pipe  were  banded  together  and  carefully  lowered 
to  place  from  a  pile  trestle  bridge,  and  bedded  4  ft.  below 
the  channel  bottom. 

Flash  boards  attached  to  the  top  of  the  pipe  during  the 
process  of  lowering  forced  the  water  in  the  stream  to 
How  under  the  pipe,  eroding  sand  and  gravel  from  below 
and  materially  expediting  the  operation  of  excavation 
for  the  pipe  bed. 

At  low  water  stages  the  system  at  times  operates. under 
16  to  18  in.  vacuum,  corresponding  to  approximately  20 
ft.  hydraulic  suction. 
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REPORT   ON   CAUSE   AND   REPAIR   OF   CRACKS 
IN  WINNIPEG  ACJUEDUCT. 

Certain  defects  having  developed  in  portions  of  the 
aqueduct  constructed  in  1915  for  the  Greater  Winnipeg 
Water  District  of  M'innipeg,  Man.,  the  Administration 
Board  of  the  District  engaged  the  services  Of  a  special 
board  of  engineers  to  investigate  and  report  upon  the 
matter.  This  Special  Board  of  Consulting  Engineers  con- 
sisted of  H.  N.  Ruttan,  Winnipeg,  J.  G.  Sullivan,  Winni- 
peg, and  R.  S.  Lea,  Montreal,  Que.  The  report,  extracts 
from  which  are  given  below,  was  submitted  on  Sept.  26. 

The  total  length  of  aqueduct  from  the  McPhillips  Street 
reservoir  to  Shoal  Lake  is  about  96.6  miles.  The  report 
deals  only  with  86  miles  of  line  the  greater  portion  of 
which  is  of  the  "flow  line,"  "cut  and  cover"  type.  The 
standard  depth  of  cover  specified  for  the  Shoal  Lake 
Aqueduct  is  4  ft.  above  the  top  of  the  arch.  The  mini- 
mum top  width  of  the  embankment  is  8  ft.  with  side  slopes 
of  1^4  to  1.  The  relative  proportions  of  cut  and  embank- 
ment vary  somewhat  from  point  to  point  with  minor  ir- 
regularities in  the  surface,  but  the  line  has  been  so  lo- 
cated that  for  mileg  at  a  stretch  the  surface  slope  is  so 
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Fig.    1 — Aqueduct  Section. 

uniform  that  the  aqueduct  practically  parallels  the  sur- 
face without  a  break  in  grade.  Between  Mile  88  and 
Mile  96,  where  the  line  crosses  the  height  of  land  west 
of  Shoal  Lake,  the  aqueduct  is  continuously  in  deep  cut 
of  from  12  to  22  ft.,  but  here  the  upper  part  of  the  trench 
will  not  be  refilled,  so  that  the  depth  of  cover  will,  in 
general,  be  restricted  to  four  feet  as  in  other  portions  of 
the  line. 

'Figure  1  represents  the  particular  section  used  at  Mile 
23,  where  the  principal  defects  have  occurred.  The  slope 
at  this  point  is  0.30  ft.  per  1,000,  or  1.58  ft.  per  mile.  The 
size  is  8  ft.  9  in.  x  7  ft.  4%  in.  It  is  what  is  known  as 
the  "standard  section"  for  cut  and  cover  work  in  com- 
pact earth. 

The  aqueduct  is  built  of  1:2:4  concrete  of  first  class 
materials  carefully  selected  and  graded  to  form  a  strong 
and  dense  mixture.  The  invert  is  laid  in  alternate  lengths 
of  15  ft.  connected  by  a  copper  expansion  joint,  and  the 
arch  is  built  in  lengths  of  45  ft.  with  expansion  joints 
of  the  same  kind.  The  lengths  of  both  invert  and  arch 
are  built  alternately  and  an  entire  length  is  poured  in 
one  operation.  The  inverts  are  first  laid  down  for  a  con- 
siderable distance  and  then  the  arch  is  built  upon  them, 
the  horizontal  joint  between  invert  and  side-walls  being 
provided  with  an  effective  water  stop.  Steel  forms  are 
used.  The  interior  surface  produced  is  very  smooth  and 
the  concrete  work  in  general  is  of  high  quality. 
Extent  of  Cracks. 

The  construction  of  the  arch  form  of  aqueduct  was 
carried  on  at  ten  different  points  during  1915,  and  alto- 
gether 65,390  ft.,  or  about  12.4  miles,  was  completed.  In 
13,380  ft.  of  this  total  length  invert  cracks  have  devel- 
oped, usually  a  single  crack  along  the  middle  of  the  invert 
but  in  a  few  cases,  in  badly  cracked  sections,  at  the  side 
walls  of  the  arch  as  well. 

Close  observation  has  been  kept  of  these  cracks  from 
their  first  appearance,  and  by  the  use  of  "tell-tales"  con- 
sisting of  smooth  pats  of  cement  trowelled  across  the 
cracks  any  enlargement  has  been  promptly  detected  and 
recorded.  The  last  sign  of  movement  was  observed  at 
the  beginning  of  April,  since  which  time  there  has  been 
no  indication  that  any  further  settlement  has  taken  place. 

In  regard  to  the  size  of  the  cracks,  these  inverts  may 
be  grouped  as  follows: 

In  4,815  ft.  the  cracks  vary  in  width  from  1/16  to  % 
in.,  and  in  a  few  cases  slightly  larger.     A  total  of  4,017 
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ft.  has  cracks  from  1/64  in.  to  1  16  in.  In  the  remainder, 
5,193  ft.,  the  cracks  are  merely  hair  cracks  which  can 
only  be  discovered  by  very  careful  examination.  In  many 
of  the  arches  where  the  invert  cracks  are  of  any  consid- 
erable size,  corresponding  cracks  have  occurred  along  the 
crown.  In  four  arches  where  the  backfilling  was  im- 
Ijroperly  done  frost  action  has  caused  cracks  along  each 
haunch.  A  few  arch  cracks  have  been  accidentally  caused 
in  removing  the  forms  and  small  cracks  have  appeared 
due  to  temperature  changes,  etc.,  most  of  which 
had  been  formed  before  any  load  had  been  placed  upon 
the  arch. 

About  two-thirds  of  all  the  cracked  inverts  and  nearly 
all  the  cracks  above  1/16  in.  in  width  were  in  miles  23  and 
24  of  Contract  30.  The  extent  of  the  cracks  in  these  two 
miles  is  as  follows: 

MILE  23. 

Total    length    of    aqueduct    built 13,930  ft. 

Length  of  invert  with  cracks  1-lG  in.  to  S-lfi  in.  in  width 4,305  ft. 

Length  of  invert  with  cracks  1-64  in.  to  1-16  in.  in  width 1,620  ft. 

Length  of  invert  with  hair  cracks  only 225  ft. 

MILE   24. 

Total  length   of  aqueduct   built 7,405  ft. 

Length  of  invert  with  cracks  1-64  in.  to  1-16  in.  in  width...  390  ft. 
Length  with  hair  cracks  only 2,025  ft. 

Cause  of  Cracks. 

This  work  under  Contract  30  is  all  in  the  "prairie  sec- 
tion." The  material  is  clay  and  at  Mile  23,  and  where 
the  cracks  occur  at  Mile  24,  the  cut  is  shallow,  generally 
between  Po  and  4  ft.  in  depth.  The  type  of  invert  shown 
in  Fig.  1,  and  referred  to  as  the  "standard  invert  for  firm 
soil,"  was  used. 

The  cracks  formed  at  this  point  are  much  more  ex- 
tensive and  much  larger  than  in  other  portions  of  the 
work,  and  are  practically  continuous  throughout  the  whole 
length  at  Mile  23.  The  bearing  power  of  the  material  at 
this  point  has  proved  to  be  much  less  than  was  antici- 
pated, and  as  a  consequence  the  considerable  settlement 
under  the  load  as  distributed  by  the  type  of  invert  used 
has  resulted  in  the  cracking  of  the  invert  and  then  of  the 
arch  as  referred  to  above. 

Partly  in  the  way  of  experiment  three  arch  lengths 
were  underpinned  with  sand  driven  through  holes  in  the 
invert  close  to  the  sidewalls  before  sufficient  settlement 
had  taken  place  to  form  cracks.  These  inverts  have  since 
stood  without  cracking,  but  the  practice  has  not  been 
continued. 

Of  the  Mile  24  work,  only  a  short  length  adjacent  to 
the  Mile  23  section  has  cracks  of  any  size.  This  is  partly 
to  be  accounted  for  by  the  fact  that  being  on  the  steep- 
est slope  of  the  line  the  aqueduct  cross  section  is  the 
smallest;  and  while  the  type  of  invert  used  is  the  same  as 
at  Mile  23,  the  bearing  area  under  the  side-walls  is  rela- 
tively somewhat  greater.  The  material  is  probably  more 
compact  as  the  slope  is  ascended  and  the  undamaged  por- 
tion is  in  a  cut  from  4  to  6  ft.  in  depth.  Such  cracks  as 
have  been  formed  have  been  caused  as  at  Mile  23,  by  set- 
tlement- 

The  cost  of  the  portion  of  the  entire  aqueduct  struc- 
ture in  which  the  settlement  cracks  have  occurred  is  $104,- 
360.     The  cost  of  the  invert  alone  is  $34,198. 

The  damaged  work  can  be  repaired  to  be  as  permanent 
and    efficient    as    other   portions    of    the    aqueduct.      The 
Board  of  Engineers  also  are  of  the  opinion  that  none  of 
the  work  so  far  built  will  have  to  be  removed. 
Method  of  Repairing. 

In  the  Shoal  Lake  Aqueduct  the  cracks  are,  as  ex- 
plained previously,  largely  due  to  settlement,  and  when 
the  invert  has  come  to  a  permanent  bearing  and  settle- 
ment has  ceased  there  will  be  no  further  tendency  for 
these  cracks  to  open.  The  method  of  repair  it  is  pro- 
posed to  use,  and  which  has  already  been  used,  is  as  fol- 
lows : 

The  section  to  be  repaired  is  thoroughly  cleaned.  The 
cracks  are  cut  out  to  a  depth  of  1^  2  to  2  in.  and  to  a  width 
of  about  1  in.  This  groove,  as  far  as  possible,  is  made 
wider  at  the  bottom  than  at  the  top  and  never  "V" 
shaped.  It  is  carefully  cleaned  with  water  and  then 
packed  with  neat  cement  slightly  moistened  and  ham- 
mered solidly  into  place,  using  a  special  caulking  tool. 
This  makes  not  only  an  exceedingly  tight  joint,  but  a 
very   strong   one.     Several   sections   of   invert,   including 
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portions  of  these  joints,  have  been  cut  out  and  tested. 
The  cement  filling,  even  after  having  been  in  place  only 
two  or  three  days,  adheres  so  strongly  to  the  concrete 
that  when  broken  the  break  has  generally  been  in  the  old 
concrete,  sometimes  in  the  filling,  but  never  at  the  junc- 
tion of  the  two. 

Two  sections  of  aqueduct  at  Mile  23,  each  about  270  ft. 
in  length  and  purposely  selected  to  include  the  most  seri- 
ously damaged  portion  of  the  1915  work,  were  repaired  in 
this  way  in  .July  last.  Watertight  bulkheads  were  built 
at  each  end  of  the  sections,  which  were  then  filled  with 
water  to  the  level  corresponding  to  the  rated  discharge 
of  85,000,000  gal.  per  day.  Since  then  daily  records  have 
been  kept  of  the  loss  of  water  as  indicated  by  the  fall  in 
level,  and  are  being  continued. 

The  results  so  far  are  very  satisfactory.  The  total  loss 
at  the  present  time  is  only  about  250  gal.  per  day  from 
each  section,  each  of  which  has  between  200  and  300  lineal 
feet  of  expansion  joint  below  water  level,  and  the  quan- 
tity lost  could  escape  through  a  single  hole  the  size  of  a 
match.  The  result  shows  that  the  cracks  have  been  very 
thoroughly  closed.  The  loss  of  water  stated  is  equivalent 
to  less  than  5,000  gal.  per  mile  of  aqueduct,  which  is 
much  less  than  the  limit  usually  specified  in  large  con- 
crete pipes  under  low  heads. 

The  evidence  furnished  by  a  series  of  tests  of  portions 
of  the  completed  aqueduct  provided  with  special  facilities 
for  accurate  observation  of  settlement,  taken  in  connec- 
tion with  the  fact  that  no  settlement  has  taken  place  in 
the  cracked  sections  since  early  in  April,  gives  some  indi- 
cation that  in  most,  if  not  all,  of  these  sections,  the  aque- 
duct has  come  to  a  permanent  bearing.  There  is  plenty 
of  time  to  obtain  assurance  of  this  and,  until  another 
year's  experience  is  available,  it  would  probably  be  ad- 
visable to  restrict  repair  work  to  what  may  be  required  to 
secure  such  further  information  as  may  be  considered 
necessary  in  the  meantime. 

The  entire  cost  of  the  repairs  described  above,  includ- 
ing labor,  materials  and  incidentals,  amounts  to  about  93 
ct.  per  lineal  foot  of  aqueduct.  '  As  the  sections  repaired 
are  of  large  size  and  were  cracked  more  seriously  and  ex- 
tensively than  other  parts  of  the  1915  work,  the  average 
cost  per  foot  of  such  repairs  will  no  doubt  be  much  less; 
so  that  even  if  much  of  it  should  have  to  be  done  over 
again,  the  total  cost  of  repairing  will  probably  not  be  very 
great. 

Recommendations  for  Future  Construction. 

The  Board  of  Consulting  Engineers  in  an  interim  re- 
port recommended  that  the  construction  of  the  aqueduct 
be  proceeded  with  as  on  the  following  basis : 

1.  That  on  foundations  of  boulder  clay,  hardpan  and 
gravel,  the  "Standard  Section"  be  used,  with  the  addition 
of  extensions  of  the  base   on  both  sides. 

2.  That  in  foundations  less  firm  than  the  above,  the 
sections  showing  distributed  load  on  the  full  width  of  the 
Aqueduct.  D-317,  be  used.  The  projection  of  the  founda- 
tion shown  in  the  left  of  this  section  may  be  changed  to 
8  in.,  if  the  cost  of  excavation  can  thereby  be  reduced. 

3.  That  the  circular  section  as  designed  for  laying 
which  preparations  are  being  made,  be  gone  on  with. 

The  first  recommendation  refers  to  the  unreinforced 
type  of  invert  illustrated  in  Fig.  1,  but  with  8-in.  exten- 
sions on  each  side.  It  also  restricts  its  use  to  the  hard- 
est foundations.  The  effect  of  the  extensions  is  to  re- 
duce the  maximum  intensity  of  pressure  on  the  foundation 
by  about  one-half. 

This  recommendation  was  made,  notwithstanding  the 
fact  that  nearly  ten  miles  of  the  1915  work  with  similar 
inverts,  but  without  extensions,  had  stood  without  crack 
or  other  indication  of  undue  settlement. 

As  a  precautionary  measure  to  provide  against  the  un- 
certainties existing  at  the  time,  the  second  recommenda- 
tion advised  the  use,  in  all  of  the  compressible  soils,  of 
one  of  the  heavy  reinforced  inverts  designed  by  the  Engi- 
neers, also  with  8  in.  extensions.  This  design  has  been 
used  throughout  the  1916  work  except  where  the  charac- 
ter of  the  foundation,  in  the  judgment  of  the  engineers, 
justified  the  use  of  the  plain  extended  invert. 
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About  fifteen  miles  of  aqueduct  has  been  constructed 
during  the  present  season  in  accordance  with  these  recom- 
mendations, and  the  greater  part  of  it  has  been  back- 
filled. So  far  no  settlement  cracks  have  developed  in  any 
of  this  work. 


WATER    CONSUMPTION     IN    METROPOLITAN 
WATER  DISTRICT,  BOSTON,  MASS. 

The  accompanying  diagram  reproduced  from  the  re- 
cently issued  report  of  the  Metropolitan  Water  and  Sew- 
erage Board  of  Boston,  Mass.,  for  the  year  1915,  is  of  in- 
terest. It  shows  the  per  capita  water  consumption  in  the 
Metropolitan  Water  District  from  1890  to  1915,  and  also 
indicates  that  the  reduction  in  use  of  water  due  tg  the 
installation  of  water  meters  has  resulted  in  saving  more 
water  than  was  required  to  supply  the  annual  increase  in 
population. 
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Population   and  Consumption  o*  Water  in   IVIetropolitan   Water  District 
from  1890  to  1915. 

The  average  consumption  of  water  in  the  18  mu- 
nicipalities supplied  from  the  Metropolitan  Water  Works 
during  1915  as  measured  by  the  Metropolitan  Water  Works 
meters,  was  101,941,500  gal.  per  day,  which,  on  the  basis 
of  an  estimated  population  of  1,164,600,  is  equivalent  to 
88  gal.  per  capita  per  day.  The  total  consumption  in  each 
of  the  municipalities  in  1915  was  less  than  in  1914,  with 
the  exceptions  of  the  city  of  Maiden  and  the  town  of 
Watertown,  and  the  per  capita  consumption  was  less  in 
1915  than  in  1914  in  all  of  the  municipalities,  with  the  ex- 
ception that  there  was  no  change  in  the  per  capita  con- 
sumption in  Maiden  and  Watertown.  The  consumption 
in  the  municipalities  supplied  was  5.094,600  gal.  per  day 
less  in  1915  than  in  1914,  or  4.76  per  cent  less  than  the 
1914  consumption.  This  was  probably  due  in  large  meas- 
ure to  climatic  conditions,  as  there  was  no  long  period 
of  extremely  cold  weather  or  of'extremely  hot  dry  weather 
during  1915,  which  would  cause  the  consumption  to  be 
larger  than  usual. 
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SOME  DESIGN  FEATURES  OF  THE  3,500,000-GAL. 

REINFORCED   CONCRETE    RESERVOIRS 

FOR  LANSING,  MICH. 

The  city  of  Lansing,  Mich.,  awarded  contracts  last  week 
for  the  construction  of  two  reinforced  concrete  reservoirs 
that  involve  a  number  of  interesting  structural  features. 
Each  reservoir  will  have  a  capacity  of  3,510,000  gal.,  will 
be  circular  in  plan,  with  an  inside  diameter  of  15.5  ft.,  and 
will  have  a  roof  supported  on  the  wall  and  columns.  This 
roof  will  be  covered  with  earth.  The  approximate  quanti- 
ties include  the  following: 

Earth  excavation,  cu.   yd 17,000 

Concrete,   {ootings  ot   wall  and  columns,   cu.   yd 255 

Concrete,   floor,  cu.  yd 295 

Concrete,  walH,  cu.  yd 547 

Concrete,  columns  and  capitals,  cu.  yd 180 

Concrete,  roof  and  cornice,  cu.  yd 451 

Concrete,  parapet  wall,  cu.  yd 18 

Reinforcing  steel,  lb 645,000 

Structural   steel,    lb 17,700 

The  roof  will  be  of  the  fiat  slab  design  and  is  covered 
by  the  Norcross  patent.  The  total  area  of  roof  slab  is 
approximately  39,000  sq.  ft. 
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Fig.   1 — Section    of   W/all   of   Lansing    Reservoir. 

The  walls  will  be  12  in.  thick  at  the  top  and 
18  in.  thick  at  the  bottom.  A  vertical  section  of  the  wall 
is  shown  in  Fig.  1.  The  wall  reinforcing  bars  will  be 
fastened  to  steel  channels,  of  which  there  will  be  60  in 
each  reservoir.  These  channels  will  be  spaced  equally 
around  the  circumference  8  ft.  'IV^  in.  center  to  center 
and  will  have  their  upper  ends  joined  by  means  of  W'z 
in.  X  1^2  in.  x  3  16  in.  L's.  The  lower  ends  will  be  em- 
bedded in  the  concrete  footing  of  the  wall. 

The  concrete  for  the  wall  will  be  placed  in  horizontal 
courses  extending  entirely  around  the  circumference  and 
not  more  than  4  ft.  in  height.  The  joint  between  each 
course  and  the  next  one  above  it  will  have  a  6-in.  step, 
the  upper  surface  of  the  outer  portion  of  the  course  being 
that  much  higher  than  the  upper  surface  of  its  inner  por- 
tion. In  the  lower  portion  of  the  wall,  where  there  are 
two  vertical  rows  of  horizontal  reinforcing  bars,  this  6-in. 
vertical  step  will  come  just  outside  of  the  outer  row  of 
the  bars.     In  the  upper  part  of  the  wall,  where  there  is 


only  one  row  of  bars,  the  6-in.  vertical  step  will  come  just 
inside  the  steel  channels. 

The  specifications  require  that  just  before  the  work  of 
pouring  any  layer  of  concrete  is  begun,  the  abutting  sur- 
face of  the  underlying  old  work  shall  be  thoroughly 
cleaned,  and  scratched  with  a  stiff  wire  brush,  every 
particle  of  dirt,  dust,  dead  mortar,  or  other  rubbish  being 
removed,  a  vacuum  cleaner  with  suitable  suction  nozzle 
being  finally  used  to  remove  the  finest  particles.  The  sur- 
face will  then  be  sprinkled  with  water,  and  cream  of  neat 
cement  shall  be  spread  over  and  thoroughly  brushed  into 
the  moistened  surface.  The  new  concrete  will  be  poured 
immediately  after  the  application  of  this  cream  of  neat 
cement. 

The  expansion  joints  will  be  made  where  the  floor  rests 
upon  and  abuts  against  the  footings  of  columns  and  of 
wall.  After  the  footings  are  placed,  and  just  before  the 
floor  is  laid  up  to  any  footing,  the  surfaces  against  which 
the  floor  is  to  rest  will  be  covered  with  an  elastic  water- 
proof membrane  composed  of  alternate  layers  of  a  coal 
tar  mixture  and  of  roofing  felt.  The  specifications  regard- 
ing this  include  the  following  clauses: 

The  coal  tar  mixture  will  be  composed  of  coal  tar  and 
of  coal  tar  pitch,  properly  and  thoroughly  mixed  while  hot 
at  such  temperatures  and  in  such  proportions  as  may  be 
from  time  to  time  directed  by  the  engineer  on  the  ground. 
The  roofing  felt  will  be  the  best  quality  Barrett  roofing 
felt,  weighing  approximately  15  lb.  per  100  sq.  ft.,  or  other 
equally  good  felt,  to  be  first  approved  by  the  engineer. 

All  projecting  lumps  in  the  surfaces  of  the  concrete  to 
be  covered  must  be  smoothed  off,  and  all  depressions  that 
might  cause  stretching  of  the  waterproofing  materials 
must  be  filled  with  cement  mortar  to  a  smooth  and  even 
surface;  and  all  of  the  said  surfaces  must  be  carefully 
cleaned  and  left  perfectly  dry  and  free  from  all  dust  and 
litter  immediateh'  before  applying  the  waterproofing  ma- 
terials. 

The  coal  tar  and  coal  tar  pitch  will  be  cut  into  slabs  or 
pieces  of  convenient  size,  and,  mixed  in  the  proper  pro- 
portion, will  be  heated  in  a  regular  asphalt  heating  kettle 
until  the  mixture  is  of  such  a  consistency  that  it  will  run 
quickly,  like  oil,  off  a  stick.  This  temperature  not  only 
gives  the  best  results  in  the  way  of  filling  the  pores  in  the 
surface,  but  also  gives  the  greatest  covering  capacity. 
Whenever  the  mi.xture  in  the  mopping  bucket  begins  to 
cool  and  thicken,  it  will  be  poured  back  into  the  kettle, 
and  a  fresh  bucketful  obtained  from  the  kettle. 

The  mops  for  applying  the  mixture  should  be  regular 
roofing  mops.  Work  will  be  carried  on  continuously  from 
the  place  at  which  the  mopping  is  begun,  not  over  1  yd. 
at  a  time  being  mopped  in  advance  of  the  felt,  which 
should  be  quickly  rolled  down  into  the  mixture.  Always 
swab  the  compound  on  crosswise  the  full  width  of  the 
sheet. 

The  felt  must  be  rolled  into  the  mixture  immediately 
after  the  mop,  the  roll  to  follow  the  mop  just  as  closely 
as  possible.  As  soon  as  the  felt  is  rolled  into  the  hot 
mixture,  the  felt  must  be  thoroughly  rubbed  and  pressed 
over  its  entire  surface,  from  the  middle  of  the  sheet  for- 
ward and  outward  to  each  side,  so  as  to  insure  the  thor- 
ough sticking  of  the  felt  over  its  entire  surface,  and  pre- 
vent the  formation  of  air  pockets. 

The  men  applying  the  felt  should  wear  heavy  cotton 
gloves,  so  as  to  enable  them  properly  to  rub  the  felt  into 
the  hot  mi.xture  at  all  points.  The  hot  mixture  makes  the 
felt  very  fiexible,  so  that  it  can  be  easily  formed  and 
pressed  into  and  around  any  corners.  Heat  in  the  com- 
pound, and  quickness  and  thoroughness  in  rolling  and 
pressing  the  felt  into  it  in  the  proper  directions,  are  the 
essential  points  to  be  observed.  When  more  than  one 
laj-er  of  felt  is  to  be  laid,  the  edges  of  the  sheets  need  not 
lap,  but  should  be  butted  close  together. 

Over  the  entire  surfaces  of  the  expansion  joints,  place 
alternate  layers  as  follows:  First,  a  layer  of  coal  tar  mix- 
ture; second,  a  layer  of  the  felt;  third,  a  layer  of  the  coal 
tar  mi.xture;  fourth,  a  layer  of  the  felt;  fifth,  a  layer  of 
the  coal  tar  mixture.  The  laying  of  the  portion  of  the 
fioor  which  is  to  rest  against  any  expansion  joint  will 
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follow  immediately  after  the  application  of  the  fifth  layer 
specified  above. 

Bids  for  the  construction  of  the  two  reservoirs  were  re- 
ceived Nov.  1  by  Guy  R.  Crane,  manager,  Water  and  Elec- 
tric Light  Department  of  Lansing,  Mich.  The  bidders  and 
their  bids  were  as  follows: 

Armstrong  Engineering  Co..  Taylorville.  Ill $  73,683 

Larson-Danielson  Constr.  Co..  L,aPorte,  Ind 75.1(50 

L.  J.  Mensch.  1?S  N.  La  Salle  St.,  Chicago,  111 77,350 

Lcyden-Ortseifen  Co..  Monadnock  Bldg..  Chicago.   Ill 84,725 

F.  H.  Pitldn,  TIO  Boulevard  Bldg.,  Chicago.  Ill 95,000 

R.  H.  Folwell,  2051  McCormicU  Bldg.,  Chicago.  Ill 97,000 

Wm.  H.  Carter  Constr.  Co.,  2643  W.  Monroe  St.,  Chicago,  111 113,577 

Benjamin  Douglas  Cc.  Ann  Arbor.  Mich 12S.00O 

.Mbert  H.  Prange.  Grand  Rapids.  Mich 138.000 

The  contract  was  awarded  to  the  low  bidder.  The  res- 
ervoirs were  designed  by  Dabney  H.  Maury,  consulting 
«ngineer,  Chicago,  111. 
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free  blades  on  the  turbine  agitated  the  snow  shoveled  into 
the  basket  and  mi.xed  it  with  the  water  which  carried  it 
on  through  the  sewer.  In  a  paper  presented  at  the  re- 
cent convention  of  the  American  Society  of  Municipal 
Improvements,  Mr.  Richards  states  that  with  a  pressure 
of  15  lb.  to  25  lb.  the  machine  disposed  of  all  the  snow 
that  two  men  could  shovel  into  the  basket,  and  with  a 
higher  pressure  it  should  take  care  of  all  that  four  men 
could  shovel  into  it. 


COMBINATION     SEWER     AND     STREET     PAVE- 
MENT BASE. 

A  storm  sewer  constructed  recently  in  Minne  Lusa 
Ave.,  Omaha,  Neb.,  is  so  designed  that  the  reinforced 
concrete  slab  top  of  the  sewer  serves  as  a  base  for  the 
street  pavement  carrying  the  traffic  on  the  avenue.  The 
arrangement  is  shown  in  the  accompanying  illustration, 
which  also  contains  a  sketch  of  the  curb  inlet.  The 
sewer  extends  from  Redick  Ave.  to  a  point  60  ft.  south  of 
Newport  Ave.,  and  required  the  following  approximate 
quantities:  280  lin.  ft.,   11   ft.  3  in.  by  17  ft.  reinforced 


DETERMINING  AMOUNT  OF  FILTERED  WATER 
TO  BE  WASTED  AFTER  WASHING. 

When  the  Chain  of  Rocks  filter  plant  of  St.  Louis,  Mo., 
was  first  put  in  operation  in  the  spring  of  1915  several 
problems  required  experimental  solution.  One  of  these 
was  the  determination  of  how  much  filtered  water  should 
be  wasted  after  washing.  The  following  description  of 
how  this  was  done  is  taken  from  the  report  of  G.  G. 
Black,  Engineer  in  charge:  Tests  were  made  in  May  to 
determine  how  much  water  would  be  wasted  per  minute 
for  each  inch  of  opening  of  the  waste  water  valve  under 
working  conditions  and  with  the  valve  wide  open.  The 
rate  was  over  8,000,000  gal.  per  day.  The  turbidity  of 
the  effluent  was  measured  every  three  minutes  at  various 
rates  of  filtration  without  wasting  any  of  the  effluent, 
and  it  was  found  that  the  500,000-gal.  rate,  the  lowest  at 
which  it  was  possible  to  control,  gave  the  best  results. 
Running  at  this  rate  the  first  effluent  was  clear,  became 
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Section   of   Mir-ne   Lusa   Ave.   Storm    Sewer  and   Curb   Inlet. 


concrete  sewer  and  550  ft.  of  11  ft.  3  in  by  17  ft.  brick 
and  reinforced  concret  sewer.  The  latter  type  has  a 
concrete  invert  lined  with  1-course  of  paving  block  and 
18-in.  brick  walls.  Bars  ^^-jn.  square,  3  ft.  long  and 
with  a  piece  of  •■'4-in.  square  bar  6-in.  long  at  each 
end,  are  placed  18-in.  centers  in  the  brick  wall  and  extend 
up  into  the  reinforced  concrete  slab  top.  The  pavement 
consists  of  a  topping  of  2-in.  asphaltic  concrete.  The 
concrete  in  the  side  walls  and  the  bottom  is  a  1:2'^  :5 
mix;  in  the  top  it  is  a  1:2:3  mix.  The  plans  were  pre- 
pared under  the  supervision  of  John  A.  Bruce,  City  En- 
gineer. Omaha,  Neb. 


SNOW  DISPOSAL  THROUGH  SEWERS. 

An  interesting  plan  for  disposing  of  snow  through 
sewers  was  tried  out  la.st  winter  by  Mr.  H.  S.  Richards, 
Superintendent  of  Maintenance  and  Repair,  South  Park 
Commissioners,  Chicago.  A  device  consisting  of  a  water 
turbine  armed  with  three  free  blades  and  mounted  in  a 
wire  cage  or  basket  was  set  in  a  sewer  manhole.  The 
turbine  was  connected  with  a  fire  hydrant,  the  stream  of 
water  flowing  through  the  basket   into  the  sewer.     The 


turbid  for  a  time,  and  then  became  clear  again.  A  prob- 
able average  was  5,000  gal.  of  clear  water  and  over  18,000 
turbid.  Dry  aluminum  sulphate  was  added  to  the  water 
in  the  central  gutter  when  filling  the  bed  after  washing; 
one,  two  and  three  grains  per  gallon  for  the  quantity 
of  water  above  the  sand  amounting  to  7  lb.,  14  lb.  and  21 
lb.  per  bed  were  tried,  and  14  lb.  gave  the  best  result. 
Adding  14  lb.  after  washing,  the  turbidity  during  the  tur- 
bid period  seldom  exceeds  1  part  per  1,000,000  and  is  often 
as  low  as  I4  part  per  1,000,000,  the  average  amount  of 
effluent  running  clear  immediately  after  washing  being 
about  4,500  gal.,  and  the  turbid  amount  equaling  11,000 
gal.  The  time  after  washing  until  running  clear  varied 
from  40  to  50  minutes,  and  after  this  time  the  rate  could 
be  raised  to  any  amount  up  to  5,000,000  gal.  daily,  the 
highest  rate  run  up  to  this  time,  the  effluent  remaining 
clear.  The  immediate  increase  in  the  loss  of  head,  after 
raising  the  rate,  varied  from  1ft.  to  3.5  ft. 

As  a  result  of  these  experiments,  14  lb.  of  dry  alumi- 
num sulphate  is  put  in  the  central  gutter,  as  the  bed  is 
filling  after  washing,  no  effluent  is  wasted  and  the  filter  is 
run  for  one  hour  at  the  500,000-gal.  rate  and  then  raised 
to  the  required  rate. 
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PIPE  LAYING  APPLIANCE. 

The  Pacific  Gas  &  Electric  Co.  is  using  the  arrange- 
ment shown  in  the  accompanying  sketch  for  laying  pipe 
up  to  16  in.  in  diameter.  The  appliance  consists  of  a 
wooden  trestle  supporting  a  windlass  pipe  turning  on 
wooden  bearings  by  means  of  a  pipe  chain  tongs.  A  rat- 
chet screwed  to  the  pipe  and  fastened  to  one  leg  of  the 
trestle  prevents  reverse  motion. 

The  method  of  operating  is  as  follows:  A  rope  is  fast- 
ened to  the  pipe  or  fitting  and  the  free  end  wrapped  four 
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times  around  the  windless  pipe.  One  man  handles  the 
chain  tongs  and  another  takes  in  the  slack  rope,  the 
ratchet  meanwhile  taking  care  of  the  slip.  The  lower- 
ing is  accomplished  by  the  one  man  easing  up  on  the 
rope.  The  device  was  described  by  Mr.  G.  E.  Keppel- 
mann,  Superintendent  of  the  Gas  Distributing  Depart- 
ment of  the  Pacific  Gas  &  Electric  Co.,  in  a  paper  pre- 
sented to  the  recent  convention  of  the  Pacific  Coast  Gas 
Association. 


COST  OF  METER  MAINTENANCE  AND  REPAIR 
AT  CHICAGO. 

The  average  cost  of  meter  maintenance  in  Chicago  in 
1915  was  $3.44  per  meter,  a  decrease  of  13  cts.  over  the 
figures  for  the  previous  year.  Several  hundred  new  meters 
were  used  last  year  to  replace  old  worn-out  meters  in 
service.  The  cost  of  new  meters  used  is  included  in  the 
maintenance  cost.  The  average  cost  of  maintenance  per 
meter  has  steadily  decreased.  In  1909  it  was  $6.03;  1910, 
$5.26;  1911,  $4.73;  1912,  $4.45,  and  1913,  $3.97.  These 
figures  are  given  in  the  report  on  the  water  meter  shops 
in  the  recently  issued  report  of  the  Chicago  Department 
of  Public  Works.  The  following  figures  show  some  of  the 
work  carried  out  last  year  by  the  branch: 

During  1915,  with  an  average  monthly  force  of  47.55 
employes  in  office,  shop  and  field,  there  were  performed 
36,209  jobs  of  repairs,  replacements  and  installations  of 
water  meters  at  a  cost  of  $50,092  for  mechanics,  motor 
truck  drivers,  laborers  and  team  hire;  $11,539.25  for  su- 
pervision and  clerk  hire;  a  total  cost  of  $61,631.69  and 
$49,692.26  for  meters,  meter  parts  and  material.  As  a 
reimbursement  for  expenditures  made  for  overtime  work 
and  installation  of  emergency  and  fire  meters,  etc.,  there 
were  billed  to  consumers  the  amount  of  $3,559.68.  (See 
table  No.  3.) 

There  were  1,250  meters  installed  during  the  year  and 
235  permanent  removals.  The  total  number  of  meters  in 
service  Dec.  31,  1915,  was  19,489,  as  compared  to  18,474 
at  the  close  of  1914;  an  increase  of  1,015  in  service. 

During  the  year  784  emergency  jobs  were  taken  care  of 
at  a  cost  of  $1,154.08;  an  average  of  $1.47  per  job;  530 
of  these  jobs  were  completed  on  the  first  visit;  254  were 
repaired  temporarily  and  a  second  visit  was  necessary  to 
complete  the  job.  The  greater  part  of  these  emergency 
jobs  were  due  to  meters  filling  up  with  sand,  fish  and 
other  substances  and  required  immediate  attention.  Dur- 
ing the  year  6,203  meters  of  the  ^s-in.  to  2-in.  size  in- 
clusive were  purchased  on  contract. 

Table  I  shows  the  rate  of  wages  paid  the  employes  of 
the  water  shop  branch,  and  Table  II  gives  a  recapitulation 
of  the  number  of  jobs  performed  and  cost  of  labor  and 
material  used  in'  repairs,  replacements,  and  construction 


and  betterments  of  water  meters, 
details  of  the  shop  work. 


Table  III  gives  some 


TABLE  I.— SALARIES. 


Position.  Rate. 

General  meter  foreman. $2,520  per  year 
Assistant  general  meter 

foreman     l.SOO     "       " 

Meter  shop  foreman....  l.SOO     " 

Senior    clerl< 1,400     " 

Junior    clerli 1,200     "       " 

Junior    clerl\ 960     "       " 

Junior    clerk 840     "        " 

Junior    stenographer. . . .      960     "       " 

Motor  truck  drivers 960     " 

Machinists    $5.50  per  day 

Meter   setters 5.50     '* 

Meter   tester 5.20     " 

Laborers    3,00     "      " 

Teams    4.50     " 


Cost  of 
labor  for 
repairs 
and  re- 
placements. 
$  2,235 

1.596 

1,596 

1,277 

1,064 

982 

630 

851 

831 

3,858 

23,612 

1,050 

8,547 

6,071 


Cost  of    M'thly 
labor  for  av'g« 
construe-     No. 
tion  and  of  men 
better-       em- 
ments.     ployed. 
$    285  I 


203 
203 
162 
135 
125 
80 
108 
250 
785 

2,821 
131 

1,212 
919 


1 

1 

1 

1.15 
.85 

1 

I.IS 

3.07 

17.50 

.88 

11.85 

5.12 


$54,205  $7,425  47..W 

Supervision  and  clerical $11,539.25 

Mechanics,  motor  truck  drivers,  laborers  and  team  hire 50,092.44 


Total     $61,631.69 

The  above  monthly  averages  aj'e  based  on  274.5  actual  working  days 
in  1915  for  machinists,  meter  setters,  and  laborers,  and  303  days  for 
teams. 

TABLE    II.— REPAIRS    AND    REPLACEMENTS— FIELD    WORK. 


Description  of  work 


No.  of 


performed.  Jobs 

Investigations     1,499 

Meters      removed      perma- 
nently       235 

Meters  repaired  on  premises  5,892 

Meter  locations  changed. ...  5 

Meters   placed 4,14L' 


Labor  cost 
$  1,569 


Material      Av.  cost 
cost.  per  job. 


Leaks    repaired. 

Meters  removed  for  safe- 
keeping  

Fish  traps  installed 

Check  \  alves  installed 

Cost  of  530  new  meters  used 
for  replacements 

Maintenance  of  two  auto 
trucks,  7  months 

Supervision  and  clerk  hire.. 


127 

154 

IS 

1 


355 

$          4 

1.53 

8,127 

523 

1.47 

21 

6 

5.61 

9,229 

1,759 

2.65 

195 

30 

1.78 

279 

1.82 

176 
12 


Totals  12,080 


4,605 
$24,573 


T^VBLE  III.— SHOPWORK. 

Description  of  work  No.  of 

performed.  jobs. 

Meters  tested  before  repairs        811 
Jleters    tested    and    sealed 

after  repairs 3,513 

Meters  repaired  in  shop....     3.523 
Meter   parts    rehabilitated..     6,288 

Material    rehabilitated 3,991 

Repairs  and  replacements  to 

building    and    apparatus 

General   work 

Supervision  and  clerk  hire 


Labor  cost. 

$      357 

1.434 

12,445 

2.389 

84 

399 
5,25S 

5,628 


348 
6 

8,289 

368 


$11,336 


Material 
cost. 


29.20 
IS.IT 


$      91 

2,660 

238 


52.97 


Xv.  cost 
per  job. 

$0.44 

.43 

4.29 

.41 

.02 


12 


Totals IS. 126 


$27 


$3,002 


$1.71 


An  indication  of  the  widespread  interest  in  engineering 
circles  as  to  our  future  commercial  and  engineering  re- 
lations with  South  American  countries  is  given  by  the 
fact  that  180  out  of  231  students  entering  Stevens  Insti- 
tute of  Technology  this  fall  have  elected  to  study  Span- 
ish instead  of  French  or  German.  This  is  a  most  re- 
markable increase  in  proportion  over  other  years  at 
Stevens  in  favor  of  Spanish. 


PERSONALS. 

Folsom  &  Taylor,  civil  engineers,  have  opened  an  office  at  Room 
704,   People's  Bank  building,  Bloomington,  111. 

George  B.  Gascoigne.  heretofore  assistant  engineer  in  the  City 
Engineer's  Department  of  Cleveland.  C.  has  been  appointed  Sanitaiy 
E'ngineer  of  that  city. 

John  Sherman,  for  several  years  engineer  in  the  employ  of  the 
t".  S.  Reclamation  Ser\ice  at  Ellensburg,  '^"ash..  has. accepted  a  posi- 
tion as  engineer  with  the  Braden  Copper  Co.  project  at  Rancagua. 
Chile. 

Alfred  D.  Fllnn,  deputy  chief  engineer  of  the  Board  of  Water  Sup- 
ply of  New  York  City,  has  been  appointed  secretary  of  Mayor's  Ad- 
visory Committee  on  the  extension  courses  at  the  College  of  the  City  of 
New  York  for  municipal  employes. 

S.  B.  Williamson,  heretofore  chief  of  the  field  forces  of  the  Guggen- 
heim interests,  has  been  appointed  construction  engineer.  His  head- 
quarters will  continue  .to  lie  in  New  York  City.  Mr.  Williamson 
formerly  was  chief  of  construction  for  the  U.  S.   Reclamation  Service. 


INDUSTRIAL  NOTES. 

The  businesses  of  the  Buffalo  Steam  Roller  Co.  and  the  Kelly- 
Springfield  Road  Roller  Co.  have  been  merged.  The  new  company 
will  be  known  as  the  Buffalo-Springfield  Roller  Co.  Its  main  factory 
will  be  located  at  Springfield.  O..  with  the  home  offices  at  the  same 
place.  The  consolidated  company  will,  it  is  stated,  constitute  the 
largest  concern  in  the  world  engaged  exclusively  in  the  manufacture 
and  sale  of  road  rollers.  The  line  of  manufacture  will  comprise  rollers 
of  all  tvpes  for  all  purposes  and  in  sizes  varying  from  2^^  tons  to  2" 
tons,  including  the  full  line  of  Buffalo  Pitts  rollers  in  both  the  tanden; 
.ind  macadam  types,  as  well  as  the  complete  line  of  Kelly-Springfieln 
steam  and  gasoline  rollers  in  both  the  tandem  and  macadam  types 
The  entire  sales  organization  of  the  Buffalo  Steam  Roller  Co.  will 
be  taken  over  bv  the  nenv  comrany.  and  the  present  branch  offices 
of  the  Buffalo  Steam  Roller  Co.  located  at  Boston.  New  York.  Phila- 
delpbia.  Pittsburgh.  Chicago  and  Portland.  Ore.,  will  be  continueiT 
as  branches  of  the  new  company. 
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WHAT  IS  THE  INCREASED  LABOR  COST  OF 
NIGHT  WORK? 

Double  and  triple-shift  work  is  so  common  that  it  is 
rather  astonishing  to  find  almost  no  data  in  print  relative 
to  the  comparative  efficiencies  of  day  and  night  shifts 
One  of  our  contempararies  not  long  ago  sought  to  secure 
data  on  this  question,  but  with  little  success.  The  few 
readers  who  replied  dealt  almost  entirely  with  generali- 
ties. 

Mr.  W.  Michel,  chief  engineer  of  the  Chesapeake  &  Ohio 
Northern  Ry.,  stated  that  in  filling  trestles  with  gumbo, 
hauled  several  miles  in  trains,  the  night  gangs  on  the 
shovel  and  trains  averaged  about  75  per  cent  as  great  a 
yardage  as  the  day  gangs. 

Mr.  H.  B.  Whitney,  a  contractor  of  Emmetsburg,  la., 
states  that  on  drainage  wprk  (using  a  1-yd.  dredge),  where 
kerosene  lamps  and  torches  were  used,  night  work  was 
about  80  per  cent  as  efficient  as  day  work.  In  harbor 
dredging,  where  there  w-as  less  wind  at  night,  the  night 
gang  usually  dredged  slightly  more  than  the  day  gang. 

It  has  long  been  generally  recognized  that  where  the 
plant  investment  is  small  and  the  wage  item  is  high,  it 
rarely  pays  to  work  at  night,  save  for  the  purpose  of  com- 
pleting a  job  within  a  time  limit. 

In  hauling  materials  with  motor  trucks,  many  con- 
tractors find  it  profitable  to  work  the  trucks  at  night  under 
certain  conditions,  particularly  where  the  haul  is  long. 
Except  over  bad  roads,  a  motor  truck  can  safely  travel  al- 
most as  fast  at  night  as  during  the  day  time. 

Have  any  of  our  readers  definite  knowledge  as  to  the 
efficiency  of  night  motor  trucking?  Information  on  this 
or,  indeed,  on  any  other  class  of  night  work  will  be  a  wel- 
come addition  to  our  growing  knowledge  of  unit  costs. 


THE  EFFICIENCY  OF  WORKMEN. 

"Know  then  thyself,  presume  not  God  to  scan;  the 
proper  study  of  mankind  is  man." 

It  is  two  centuries  since  Pope  wrote  this  couplet,  yet 
how  meager  does  man's  study  of  himself  remain.  Taking 
only,  for  example,  man's  efficiency  as  a  muscular  machine, 
how  little  is  known  of  the  conditions  under  which  his 
greatest  efficiency  is  attainable.  The  8-hour  day  would 
speedily  receive  not  only  "the  sanction  of  society"  but  im- 
mediate enforcement  industrially  were  it  definitely  known 
that  more  work  can  ordinarily  be  accomplished  in  eight 
hours  than  in  nine  or  ten.    But  where  is  the  proof? 

The  consensus  of  opinion  is  that  where  hard  muscular 
effort  is  involved,  a  man  can,  if  he  is  willing,  perform 
more  work  in  eight  hours  than  in  ten.  But  "opinion"  is 
often  wrong  even  where  unanimous.  Who  really  knows? 
This  is  a  question  of  vast  importance,  but  where  are  the 
actual  tests  upon  which  to  base  an  answer? 

If  an  8-hour  day  is  more  effective  than  a  10-hour  day, 
is  it  certain  that  a  7-hour  day  is  not  still  better?  Where 
are  the  tests? 

Intermittent  muscular  work  is  claimed  by  many  men  to 
be  more  effective  than  continuous  work.  In  driving  a  tun- 
nel in  Mexico  it  was  determined  many  years  ago  that 
greater  progress  could  be  secured  by  working  two  hours, 
resting  two  hours,  and  so  on  until  each  man  had  worked 
six  hours.  Mexicans,  however,  lack  the  endurance  of 
Americans,  under  heavy  exertion,  and  it  is  likely  that  a 
different  time  schedule  would  be  necessary  for  an  Ameri- 
can than  for  a  Mexican.    Negroes  are  also  said  to  be  more 


effective  where  the  work  is  decidedly  intermittent.  But 
where  are  the  tests? 

Carniverous  animals  are  not  capable  of  long-sustained 
effort  to  the  same  degree  as  herbiverous  animals.  Diet 
may,  and  probably  does,  affect  men  in  a  similar  manner. 
But  where  are  the  tests? 

Engineers  who  would  not  think  of  discussing  the  rela- 
tive efficiency  of  machines  without  test  data  thereon,  will 
often  argue  by  the  hour  about  the  efficiency  of  workmen, 
and  yet  be  unable  to  produce  any  labor  tests  at  all,  unles.i 
by  courtesy  we  concede  that  opinions  "based  on  long 
observation"  merit  the  title. 

Economic  problems  can  never  be  accurately  solved  in 
the  absence  of  quantities  secured  by  observation.  Figures 
may  not  lie,  and  liars  may  figure,  but  no  economic  truth 
can  be  established  in  the  absence  of  figures.  We  need  cost 
data  on  every  economic  problem,  and  we  can  solve  no 
economic  problem  unless  cost  data  are  available.  Costs 
may  be  directly  expressed  in  money  or  they  may  be  in- 
directly expressed  in  quantities  of  labor  or  the  products 
of  labor,  but  we  must  have  cost  data  or  their  functions 
before  we  can  definitely  answer  any  economic  problem. 

All  this  is  self-evident,  one  may  say,  but  isn't  it  curious 
that  self-evident  generalizations  remain  so  long  unappre- 
ciated? Isn't  it  strange  that  amid  all  our  knowledge  of 
ourselves,  we  know  so  little  about  our  own  muscular  and 
nervous  powers  that  we  cannot  answer  definitely  some  of 
the  simplest  questions  about  the  efficiency  of  workmen? 


LET  US  HAVE  AN  ANNUAL  EXCAVATING 
MACHINERY  SHOW. 

The  continued  success  of  the  annual  "Cement  Show" 
should  serve  to  arouse  among  manufacturers  of  earth  and 
rock  excavating  and  transporting  machinery  a  determina- 
tion to  give  an  annual  Excavating  Machinery  Show. 
America  easily  leads  the  world  in  the  production  of  de- 
vices for  loosening,  loading  and  transporting  earth  and 
rock.  To  name  but  a  few  of  the  "dirt  moving"  inventions 
developed  in  this  country  will  suffice  to  indicate  the  debt 
of  the  world  to  American  ingenuity. 

Among  the  earliest  and  simplest  of  earth  moving  de- 
vices accredited  to  an  American  is  the  wheeled  scraper. 
Almost  contemporary  with  it  was  the  invention  of  the  hy- 
draulic giant,  first  used  by  a  California  placer  miner.  And 
but  a  little  later  came  the  first  successful  rock  drill.  Then 
followed  the  suction  or  hydraulic  dredge.  The  "elevating 
grader,"  the  "road  machine,"  the  "patent  dump  wagon," 
the  "caterpillar  tractor,"  the  "gang  plow,"  the  "car  un- 
loading plow,"  the  "drag  line  scraper,"  the  "pneumatic 
hammer  drill,"  the  "cable  drill,"  the  "rock  channeler,"  the 
"power  drill  sharpener,"  the  "rotary  steam  shovel,"  form 
a  list  of  inventions  that  would  alone  give  leadership  to 
Americans  in  the  field  of  "dirt  moving."  But  these  are 
not  all,  nor  do  they  include  methods  of  excavation,  such, 
for  example,  as  "chamber  blasting."  which  are  as  in- 
genious as  the  tools  employed.  There  are,  moreover,  al- 
most numberless  improvements  on  older  machines,  and 
some  of  these  improvements  have  become  as  important  as 
the  original  invention  to  which  they  relate. 

The  drag  or  slip  scraper  has  been  attributed  to  America. 
Certain,  at  any  rate,  is  the  fact  that  it  is  seen  everywhere 
in  this  country  and  almost  nowhere  in  Europe.  As  an 
evolution  of  the  "slip,"  the  Fresno  scraper — a  California 
invention — is  superior  to  the  old  slip  scraper  for  most 
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purposes;  but,  old  though  the  Fresno  is,  it  is  rarely  seen 
east  of  the  Mississippi  Valley.  And  this  brings  us  to  one 
of  the  reasons  why  an  Excavation  Show  is  desirable. 

Men  may  read  for  years  about  this  or  that  machine, 
and  hesitate  to  try  it;  but  when  they  see  the  machine, 
particularlj-  when  it  is  at  work,  the  same  men  are  speed- 
ily converted  to  its  use.  If,  then,  a  representative  collec- 
tion of  excavating-  machines  were  displayed  at  work  once 
a  year  in  a  centrally  located  city  like  Chicago,  and  if  the 
show  were  widely  advertised  to  contractors  and  engineers, 
we  doubt  not  that  its  educational  effect  would  be  great. 

Why  not  hold  such  a  show  in  Chicago  during  the  week 
immediately  following  the  Cement  Show,  in  February?  It 
could  be  combined,  perhaps,  with  a  display  of  mining  ma- 
chinery, for  "dirt  movers"  and  mining  men  are  interested 
in  much  the  same  classes  of  machinery. 

Is  it  too  late  for  manufacturers  to  organize  and  prepare 
for  an  Excavation  Show  next  February?  We  trust  not, 
but  if  three  months  does  not  give  sufficient  time  for  ade- 
quate preparation,  let  it  be  resolved  to  organize  now  for 
the  Excavation  Show  in  1918. 


MOTOR  TRUCKS  OPERATED  ON  TEMPORARY 
RAILWAYS. 

There  undoubtedly  are  conditions  where  a  contractor 
should  lay  a  temporary  track  rather  than  build  a  temporary 
road  for  motor  trucks  to  operate  upon,  although  we  have 
yet  to  hear  of  this  being  done.  Old  pleasure  automobiles 
are  being  operated  in  place  of  trolley  cars  on  a  number  of 
suburban  railway  lines,  and  motor  trucks  have  been  op- 
erated on  permanent  steam  railway  tracks,  but  we  are 
speaking  now  of  a  somewhat  different  matter. 

In  wet  weather  it  is  frequently  impossible  to  operate  a 
motor  truck  profitably  over  a  poor  clay  road.  The  truck 
will  skid  unless  tire  chains  are  used,  and  these  cut  the 
tires  to  pieces.  When  such  a  condition  arises  and  there 
is  much  trucking  to  be  done,  it  may  pay  to  lay  a  tem- 
porary railway,  using  second-hand  rails.  Probably  wooden 
stringers  shod  with  angle  iron  would  be  cheaper  in  some 
cases.  In  either  case,  flanged  wheels  would  be  used  on 
the  truck  and  its  trailers. 

If  only  one  or  two  very  steep,  short  grades  are  to  be 
surmounted,  a  hoisting  engine  can  be  used  to  "snatch"  the 
truck  up  and  to  "snub"  it  back  down  the  hill. 

Simply  because  a  motor  truck  can  be  made  to  travel 
over  almost  any  sort  of  road,  let  it  not  be  supposed  that  a 
railway  track  is  never  to  be  used  where  motor  trucks  are 
available. 

Field  railways  for  small  locomotives  and  cars  are  ex- 
tensively used  along  the  battle  lines  in  Europe.  To  make 
the  track  readily  portable,  the  rails  are  cut  in  4-ft.  lengths, 
and  a  pair  of  rails  is  bolted  to  a  cross-tie  at  one  end,  and 
at  the  other  end  a  steel  tie  rod  holds  the  two  rails  in  po- 
sition. One  man  can  carry  and  lay  such  a  track  "unit." 
The  scheme  is  suggestive  of  what  may  be  done  in  build- 
ing a  temporary  railway  line  for  motor  trucking. 


WET   WEATHER    ADVICE    TO    INEXPERIENCED 
"DIRT  MOVERS." 

Many  a  dirt  moving  contract  hums  along  profitably 
during  the  summer  and  early  fall,  only  to  end  in  financial 
disaster  after  the  autumn  rains  start  in  earnest.  It  took 
several  bitter  experiences  to  teach  the  writer  that  it  pays 
to  shut  down  grading  work  before  the  fills  have  become 
quagmires,  unless  the  time  limit  enforces  continuance  re- 
gardless of  cost.  In  that  case,  a  contractor  should  seri- 
ously consider  the  use  of  railway  track  and  dump  cars 
even  though  the  amount  of  earth  to  be  moved  is  rela- 
tively small.  For  the  wet  weather  job  the  use  of  a  light 
portable  track  and  small  cars  has  proved  a  life  saver  for 
many  a  grading  contractor. 

Where  the  amount  of  dirt  to  be  moved  was  small  and 
the  distance  short,  the  writer  has  frequently  used  "pole 
tracks,"  and  in  several  cases  he  has  used  "skid  tracks," 
over  which  loads  were  hauled  in  "boats"  that  slid  on 
the  greased  wood. 


EXGINEERING 
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A  "pole  track"  consists  of  rails  made  of  small  round 
poles  bedded  in  the  ground  so  as  to  form  a  sort  of 
wooden  railway  over  which  a  box  loaded  with  earth  or 
rock  is,  dragged. 

A  "skid  track"  consists  of  wooden  cross-ties  bedded 
in  the  earth,  but  without  any  rails.  A  long  sled  with 
wooden  runners  (about  three  times  as  long  as  the  cross- 
ties  are  spaced)  can  be  hauled  over  the  greased  cross- 
ties,  or  "skids,"  in  a  manner  that  is  surprisingly  effec- 
tive. In  fact,  if  there  is  a  slight  down  grade  in  favor 
of  the  load,  a  team  can  pull  a  greater  load  in  this  man- 
ner than  in  a  wagon  over  a  fairly  good  dirt  road. 

It  would  pay  many  a  dirt  mover  to  spend  a  week  in 
a  logging  camp  where  "skid  roads"  are  used.  In  this 
connection  we  may  add  that  the  loggers  can  teach  us 
several  tricks  in  the  use  of  donkey  engines  and  wire 
rope.  The  long  distance  that  they  move  big  logs  in  this 
manner,  in  the  face  of  many  obstructions,  will  surprise 
any  man  who  has  not  seen  them  do  it. 

The  "log  chute"  is  another  contrivance  that  merits 
seeing,  not  because  it  can  be  often  used  by  a  contractor, 
but  because  it  shows  what  resourcefulness  will  accom- 
plish even  in  the  absence  of  appliances  except  of  the 
simplest  sort.  A  "log  chute"  is  a  crude  trough  laid  on 
a  hillside,  and  kept  greased  so  that  a  log  will  toboggan 
its  way  to  the  valley  below.  Keeping  the  chutes  greased 
is  a  job  that  occasionally  requires  something  more  than 
a  man,  a  bucket  of  "dope"  and  a  swab,  for  black  bears 
and  grizzlies  have  a  fondness  for  grease  in  winter  time 
that  makes  them  indifferent  to  the  fiercest  looking 
"greaser." 

One  old-time  "greaser"  told  the  writer  that  he  didn't 
mind  feeding  a  bear  a  fair  share  of  the  "dope"  every  day, 
but  when  the  bear  went  off  and  brought  back  four  rela- 
tives that  ate  all  the  grease  as  fast  as  he  swabbed  it  on 
the  chute — then  he  decided  it  time  to  show  that  he  was 
peeved.  So  he  placed  a  large  log,  which  he  sharpened 
at  the  bow  end  alongside  the  chute  and  started  work. 
Soon  he  heard  the  snuffling  of  the  bears — also  at  work — 
behind  him.  Then  he  dumped  the  entire  grease  pail  into 
the  chute,  to  hold  them  for  awhile,  and  climbed  up  the 
hill  to  the  log  torpedo,  which  was  speedily  launched. 

"How  did  it  work?" 

"Work!  Say,  the  old  grizzly  grandad  of  'em  all  is 
working  for  me  yet.  I  got  his  skin  to  home  for  a  mat. 
Ye  see,  he  stood  his  ground,  as  a  grizzly  will,  opened  his 
old  jaws  about  two  foot  when  he  seen  the  log  coming, 
and  in  course  it  went  right  on,  as  a  log  in  a  chute  will, 
turned  him  inside  out  and  left  his  pelt  stretched  on  the 
log  as  neat  as  a  glove  on  a  finger.  I  most  fergot  to  say 
the  skin  was  tanned  by  rubbing  on  the  hemlock  bark  as 
the  log  skidded  the  rest  of  the  way  to  the  bottom  of  the 
hill." 

Some  hill,  some  log,  some  bear,  and  some  "greaser." 


"EAST    CLEVELAND  COMMISSIONERS  TO  CHOOSE 
CIVIL  ENGINEER  TO  DIRECT  TOWN." 

This  caption  is  taken  from  the  headlines  of  the  Cleve- 
land (Ohio)  "Plain  Dealer."  East  Cleveland,  a  suburb 
of  Cleveland,  but  itself  a  city  of  nearly  25,000,  has  elected 
five  city  commissioners  who  are  to  select  a  city  man- 
ager to  take  office  about  a  year  hence,  Jan.  1,  1918. 

The  commissioners  are  all  business  men  of  Cleveland. 
One  of  them,  Mr.  E.'  M.  Sprague,  is  manager  of  the  Cleve- 
land branch  of  the  American  Bridge  Co.  Another  one, 
T.  P.  Cagwin,  was  formerly  commercial  superintendent 
of  the  Cleveland  Telephone  Co.  A  third  one,  Mr.  W.  M. 
Pattison,  is  president  of  a  company  dealing  in  railway 
and  mill  supplies.  The  remaining  commissioners,  Mr. 
A.  W.  Calder  and  Mr.  A.  T.  Hopkins,  are  also  in  busi- 
ness. It  is  significant  of  the  changing  attitude  in  mu- 
nicipal affairs  that  these  five  business  men  were  induced 
by  a  new  charter  association  to  run  for  the  commission- 
ership. 

The  city  manager,  who  is  to  assume  the  duties  of 
mayor  and  director  of  public  service,  is  to  be  an  engi- 
neer, preferably  one  who  has  worked  under  one  of  the 
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city  managers  in  Dayton,  Springfield,  Sandusky,  Ashta- 
bula, Cadillac,  Niagara  Falls,  Wheeling  or  Norfolk.  His 
salary  will  be  at  least  $3,600  and  it  may  be  made  as  high 
as  $4,500  a  year. 

The  "city  manager  movement"  will  undoubtedly  find 
increasing  favor,  so  long  as  the  policy  of  selecting  en- 
gineers as  managers  is  adhered  to.  Civil  engineers  who 
plan  to  become  city  managers  will  do  well  to  consider 
the  advisability  of  securing  positions  under  engineers 
who  are  already  managers  of  cities,  for  other  towns  are 
likely  to  follow  the  lead  of  East  Cleveland  in  giving 
preference  to  engineers  who  have  been  identified  with 
this  form  of  municipal  government. 

The  future  for  civil  engineers  in  this  line  of  executive 
engineering  is  dependent  entirely  upon  the  success  of 
the  engineers  who  now  enter  it.  Let  us  hope,  therefore, 
that  few  cities  will  err  in  the  selection  of  their  man- 
agers. It  should  be  realized  that  a  city  manager  should 
be  both  an  engineer  and  an  executive,  a  man  scientifically 
trained  and  at  the  same  time  possessed  of  native  ability 
and  experience  in  managing  men. 


"AVHY  DO  NOT  ALL  ENGINEERING  COLLEGES 
DEVELOP  READING  HABITS?" 

To  the  Editor:  In  discussing  the  editorial  printed  in 
Engineering  and  Contracting  of  Sept.  20  entitled,  "Why 
Do  Not  All  Engineering  Colleges  Develop  Reading 
Habits?"  the  writer  would  change  the  title  to  "Why  Do 
Not  All  Engineers  Develop  Reading  Habits?"  For  the 
former  implies  that  the  college  and  not  the  graduate  is  to 
blame.  The  writer  will  discuss  the  question  on  the  basis 
of  "Why  engineering  students  are  not  properly  started  in 
engineering  reading,"  and,  second,  "Why  a  young  gradu- 
ate does  not  keep  up  reading  habits  even  though  required 
as  an  undergraduate." 

One  reason  that  more  attention  is  not  paid  to  current 
engineering  litei-ature  in  many  engineering  colleges  is 
that  the  curriculum  is  very  much  crowded  for  the  pres- 
ent 4-year  professional  course.  In  the  early  years  of  the 
course  the  student  has  not  experience  enough  to  appre- 
ciate an  engineering  article  and  with  difficult  studies  and 
a  crowded  program  of  work,  reading  becomes  recreation. 
On  this  account  current  fiction  naturally  attracts  the 
young  man.  At  the  same  time  the  student's  English  work 
is  largely  a  study  of  standard  English  literature  and  no 
connection  is  shown  between  professional  articles  and 
good  English.  A  second  consideration  is  that  the  con- 
stant flow  of  new  text-books  with  frequent  revisions  and 
the  steady  improvements  of  the  engineering  hand-books 
encourages  reference  to  such  works  rather  than  going 
directly  to  engineering  magazines.  Misleading  titles,  the 
lack  of  adequate  instructioTi  in  the  use  of  the  engineering 
magazines  together  with  poor  indexing  in  most  school 
libraries  discourages  direct  reference  to  the  periodicals 
in  design  and  similar  courses. 

I  think  the  failure  of  the  engineer  to  read  systematically 
in  the  early  years  after  graduation  is  due  to  a  great  extent 
to  lack  of  time.  The  average  young  engineer  puts  in  a 
hard  day's  work  and  leaves  the  oflilce  tired  out.  Any  read- 
ing that  he  does  must  be  on  his  own  time  and  almost  nec- 
essarily in  the  evenings.  Second,  I  believe  many  times 
the  wrong  attitude  is  taken  to  engineering  literature  by 
some  employers,  who  preach  to  young  engineers,  "Now^ 
forget  your  book  knowledge  and  learn  practice."  The 
young  graduate  does  not  always  realize  that  theon,-  goes 
hand  in  hand  with  practice.  A  third  consideration  is 
that  engineering  today  is  largely  specialized,  and  as  the 
young  man  gradually  masters  his  particular  line  he  finds 
that  much  which  is  written  is  not  new  or  worth  while. 
The  further  fault  in  many  periodicals,  that  it  is  necessary 
to  read  an  article  to  discover  its  nature,  dampens  regular 
reading  habits.  As  a  young  engineer  grows  older  social 
duties  and  necessity  for  relaxation  because  of  added  re- 
sponsibility tends  again  to  break  up  the  reading  of  engi- 
neering literature. 

To  increase  systematic  reading  by  engineers  the  follow- 
ing suggestions  are  made: 
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1.  Before  graduation,  (a)  Do  not  let  the  student  spe- 
cialize too  early  in  his  course  and  give  definite  reading 
as.signments  in  shop  and  drawing  courses  to  acquaint  him 
with  engineering  periodicals.  It  is  even  desirable  to  refer 
him  to  popular  and  semi-popular  engineering  papers  as 
well  as  the  standard  types,  for  he  will  at  this  time  appre- 
ciate the  former  and  thus  interest  will  be  developed,  (b) 
Engineering  schools  should  maintain  live  student  engi- 
neers' clubs  in  which  are  reviewed  current  engineering 
events,  (c)  Engineering  libraries  should  be  in  charge  of 
a  person  familiar  with  technical  literature.  Encourage 
the  use  of  periodicals  as  refei-ences  in  design  subjects 
and  co-ordinate  English  courses  with  engineering  litera- 
ture, (d)  During  at  least  one  semester  in  the  senior  year 
students  should  meet  with  engineering  faculty  for  dis- 
cussion on  assigned  subjects  of  moment.  These  subjects 
should  be  selected  in  such  a  way  that  the  students  become 
thoroughly  acquainted  with  current  periodicals. 

2.  After  graduation,  (a)  Join  a  local  engineering  so- 
ciety and  by  all  means  a  national  society.  The  local  so- 
ciety should  have  regular  junior  meetings  with  discussion 
of  engineering  literature,  (b)  If  reading  of  the  more 
weighty  articles  does  not  attract  the  young  graduate  he 
should  confine  his  attention  to  less  serious  ones.  In  this 
way  his  reading  is  not  a  burden  and  gradually  he  will 
enjoy  more  critical  papers,  (c)  Employers  should  en- 
courage reading  for  young  engineers,  pointing  out  the 
value  of  keeping  abreast  of  the  profession,  and  should  not 
knock  reading  knowledge,  (d)  Engineering  editors  will 
do  well  to  print  at  the  beginning  of  each  important  article 
a  short  abstract  of  its  contents  and  state  its  nature, 
whether  research,  descriptive  or  technical,  etc.,  in  order 
that  the  busy  engineer  can  better  utilize  his  reading  time. 

A.  F.  Barnes, 
Dean  of  Engineering,  New  Mexico  College  of  A.  &  M.  A. 


ECONOMY  OF  RAIL  HAULAGE  AT  HETCH  HETCHY. 

To  the  Editor:  In  a  recent  issue  of  Engineering  & 
Contracting  date  of  Aug.  9,  a  criticism  is  made  of  the  de- 
cision of  Mr.  M.  M.  O'Shaughnessy,  City  Engineer  of  San 
Francisco,  to  construct  a  railway  for  the  purpose  of  haul- 
ing some  225,000  tons  of  freight  68  miles  to  the  Hetch 
Hetchy  Damsite,  instead  of  handling  this  freight  by  auto- 
mobile trucks.  The  editorial  intimates  that  the  decision 
was  reached  without  serious  thought  and  consideration 
and  asks  why  Mr.  O'Shaughnessy  did  not  consult  manu- 
facturers of  motor  trucks  and  men  experienced  in  operat- 
ing trucks  before  committing  himself  to  this  project. 

In  the  same  article  it  is  suggested  that  a  motor  road  be 
built  with  long  level  stretches  connected  by  comparatively 
short  stretches  of  steep  road,  at  which  steep  stretches 
"Pusher"  traction  engines  could  be  stationed  to  aid  the 
trucks  with  trailers  in  ascending  the  steep  grade.  It  is 
further  suggested  that  it  might  pay  to  construct  in  this 
road  concrete  rails  24  inches  in  width  and  8  inches  in 
thickness  with  turnouts  in  which  the  trucks  might  run. 

It  does  not  appear  to  the  writer  that  the  suggestions 
ofli^ered  are  really  to  be  seriously  considered,  but  it  is 
felt  that  the  criticisms  should  not  pass  without  notice,  for 
in  the  case  of  the  casual  reader  or  a  person  not  other- 
wise informed  on  the  subject  discussed,  such  editorials 
are  apt  to  create  and  leave  with  him  as  his  own,  the  opin- 
ion thus  editorially  expressed,  and  the  conclusion  reached 
therein,  no  doubt  prematurely,  and  without  a  full  knowl- 
edge of  the  facts,  may  cause  an  erroneous  impression  to 
become  established  in  the  public  mind. 

The  report  of  the  City  Engineer  of  Feb.  17,  1915,  which 
has  called  forth  the  criticism,  gives  as  the  estimated  cost 
of  transporting  materials  by  rail  from  the  connection  with 
the  existing  railroad  to  the  Hetch  Hetchy  dam  site  as 
14.9  cents  per  ton  mile,  including  the  cost  of  constructing 
and  equipping  the  railroad  and  allowing  7  cents  per  ton 
mile  for  operation  and  maintenance;  the  critic  finds  no 
fault  with  these  figures  but  proposes  to  eflFect  a  large 
saving  by  hauling  materials  to  the  dam  site  by  auto  trucks, 
to  do  which  means  handling  freight  by  motors  at  less  than 
14.9  cents  per  ton  mile,  including  the  cost  of  new  road  con- 
struction and  maintenance. 
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It  is  of  interest  to  note  that  since  the  report  above 
referred  to  was  written,  the  City  advertised  for  bids  for 
hauling  cement  by  motor  truck  from  Chinese  to  the 
Hetch  Hetchy  dam  site,  a  distance  of  58  miles.  The  ton- 
nage involved  in  this  particular  contract  is  approximately 
800  tons.  The  lowest  bid  was  $23.  per  ton,  equivalent  to 
almost  exactly  40  ct.  per  ton  mile,  three  times  the  price 
which  the  article  referred  to  intimates  that  this  could  be 
done  for.  The  actual  cost  to  the  contractor,  based  on  the 
favorable  conditions  of  road  and  weather,  is  28  cents 
per  ton  mile. 

The  statement  contained  in  the  article,  "The  assumption 
of  25  cents  per  ton  mile  is  almost  double  the  prevailing 
contract  price  of  motor  trucking  over  dirt  roads  in  Cali- 
fornia," does  not  seem  to  be  borne  out  by  the  City's  ex- 
perience nor  by  the  experience  of  others  and  will  not  bear 
analysis.  Figures  showing  the  cost  of  motor  trucking  at 
less  than  15  cents  per  ton  mile,  even  on  paved  highways, 
may  be  generally  set  down  as  the  estimated  cost  of  en- 
thusiastic automobile  salesmen  employed  by  the  "manu- 
facturers of  motor  trucks,"  and  not  the  cold  figures  taken 
from  operating  costs  extending  over  a  period  of  time 
representing  the  life  of  a  truck,  and  of  course  do  not 
include  any  part  of  the  cost  of  orginal  road  construction, 
or  the  overhead  expense  of  the  going  contractor. 

The  suggestion  that  a  new  road  be  constructed  with 
long  level  stretches  connected  with  short,  comparatively 
steep  stretches,  where  the  trucks  and  trailers  are  to  be 
pushed  up  the  incline  by  a  traction  engine,  is  not  new. 
It  has  been  tried  on  traction  engine  hauling,  where  the 
application  would  be  far  more  favorable  on  account  of 
the  load  per  train  being  much  greater,  and  under  these 
conditions  it  has  not  proved  the  rosy  solution  indicated 
in  the  article,  due  to  the  fact  that  the  capacity  of  the  road 
is  limited  by  the  congestion  of  freight,  such  steep  places 
and  the  schedule  of  operation  is  broken  thereby. 

The  use  of  concrete  rails  suggested  is  novel  in  this  part 
of  the  country  at  least,  and  it  appears  to  the  writer  that 
a  pair  of  concrete  rails  24  in.  wides  and  8  in.  thick,  con- 
structed on  a  mountain  road  with  no  adjoining  paving, 
leaving  the  remainder  of  the  roadway  free  to  wash,  would 
not  last  through  more  than  a  small  part  of  one  season 
and  it  would  be,  at  the  best,  a  poor  substitute  for  an 
adequately  paved  roadway. 

The  effect  on  the  truck  driver  folljDwing  these  rails  con- 
tinuously throughout  the  day  or  the  night  would  be  an 
element  to  be  reckoned  with,  to  say  nothing  of  the  dam- 
age to  tires  due  to  climbing  back  onto  these  rails  every 
time  that  the  truck  should  skid  off  of  them,  particularly 
after  the  road  surface  adjacent  to  the  concrete  rails  had 
washed  down  below  the  rail  surface. 

One  feature  not  mentioned  in  the  City  Engineer's  re- 
port and  so  ignored  in  the  article  is  the  great  superiority 
of  the  railroad  in  its  ability  to  readily  handle  large  varia- 
tions in  the  volume  of  freight  delivered  to  the  existing 
railroad  connection  at  different  times.  By  virtue  of  this, 
large  storage  facilities  are  not  required  at  the  present 
railroad  depot  and  the  rehandling  of  the  freight  at  this 
point  is  entirely  eliminated,  with  the  result  of  expediting 
the  entire  freight  movement.  Furthermore,  it  is  possible 
to  handle  freight  at  all  seasons  of  the  year  at  approxi- 
mately the  same  operating  cost  and  with  a  minimum  lia- 
bility of  damage  in  handling.  With  regard  to  this  item 
of  damage  in  transit,  in  connection  with  the  particular 
contract  for  handling  cement,  above  referred  to,  the  haul- 
ing contractor  was  requii-ed  to  replace  962  sacks  of  ce- 
ment, due  to  sacks  of  cement  damaged  either  at  the  stor- 
age point  or  on  the  road,  and  to  reduce  loss  in  transit  the 
contractor  found  it  necessary  to  have  all  cement  double 
sacked  at  a  cost  of  5  cents  per  barrel  for  the  packing  plus 
the  usual  charge  of  10  cents  for  the  sacks.  While  it  may 
be  claimed  that  this  loss  was  unusual  and  avoidable  by 
proper  care,  nevertheless  money  must  be  expended  to 
insure  proper  care  and  there  will  always  be  a  certain 
amount  of  loss  due  to  damage  in  transit,  which  will  be  a 
minimum  with  railroad  operation  compared  with  motor 
truck  haulage,  with  the  rehandling  feature  which  must 
exist. 
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Altogether,  it  does  not  seem  as  if  the  points  for  criticism 
are  well  taken. 

Yours  truly, 

N.  A.  Eckart,  Mem.  A.  S.  C.  E. 
San  Francisco,  Cal.,  Aug.  31,   1916. 

[We  are  glad  to  publish  Mr.  Eckart's  additional  facts 
supporting  the  conclusions  reached  by  the  city  engineer  of 
San  Francisco  as  to  the  economy  of  rail  haulage  to  Hetch 
Hetchy.  It  was  not  our  intention  to  imply  lack  of  serious 
study  of  the  problem,  but  it  still  seems  to  us  that  the 
data  were  insufficient  and  the  results  inconclusive.  Mr. 
Eckart  cites,  in  support  of  the  conclusion  that  motor 
trucking  would  have  been  uneconomic,  the  fact  that  a 
recent  bid  for  hauling  800  tons  58  miles  was  40  ct.  a  ton- 
mile.  But  he  can  scarcely  have  meant  that  such  a  bid  is 
any  real  criterion  by  which  to  estimate  the  cost  of  haul- 
ing 225,000  tons,  for  in  the  case  of  800  tons  no  adequat? 
reconstruction  of  roads  could  have  been  undertaken, 
whereas  in  the  case  of  225,000  tons  a  very  elaborate  road 
building  program  would  certainly  be  justified. 

In  an  editorial  paragraph  in  our  issue  of  Sept.  6  we 
cited  the  experience  of  the  Great  Northern  Paper  Co. 
which,  under  the  direction  of  Mr.  H.  S.  Ferguson,  con- 
sulting engineer,  built  a  80-mile  gravel  road  over  which  to 
haul  20,000  tons  of  cement  for  a  dam  in  Maine.  Using 
motor  trucks  the  cost  has  been  half  the  cost  of  team  haul- 
age.    This  was  not  an  estimate  but  an  experience. 

We  entirely  disagree  with  Mr.  Eckart's  statement  that: 

"Figures  showing  the  cost  of  motor  trucking  at  less 
than  15  cts.  per  ton  mile,  even  on  paved  highway,  may 
be  generally  set  down  as  the  estimated  cost  of  enthusiastic 
automobile  salesmen  employed  by  the  'manufacturers  of 
motor  trucks,'  and  not  the  cold  figures  taken  from  operat- 
ing costs  extending  over  a  period  of  time  representing  the 
life  of  a  truck,  and  of  course  do  not  include  any  part  of 
the  cost  of  original  road  construction,  or  the  overhead 
expense  of  the  going  contractor." 

Many  reliable  records  of  actual  costs  of  motor  truck 
haulage  are  available,  and  the  enthusiastic  salesman"  is 
not  the  sole  source  of  information. 

The  editor  has  himself  contracted  with  experienced 
motor  truck  owTiers  for  haulage  at  15  ct.  a  ton-mile,  over 
roads  that  were  by  no  means  ideal,  and  through  long 
enough  periods  of  time  to  justify  his  belief  that  such  a 
price  was  profitable  to  the  truck  owners. 

Finally,  we  of  course,  are  not  certain  by  any  means  that 
a  railway  was  not  justified  by  the  economic  conditions  at 
Hetch  Hetchy.  Mr.  Eckart's  contention  that  is  justified 
may  be  entirely  correct.  We  repeat,  however,  that  the 
data  upon  which  motor  trucking  was  excluded  as  being 
within  the  realm  of  economic  possibility  seem  to  us  to  be 
far  from  convincing. — Editor.] 


During  the  fiscal  year  ending  June  30,  1916,  the  U. 
S.  Reclamation  Service  has  increased  the  area  which  it  is 
proposed  to  supply  with  water  for  irrigation  by  about  a 
quarter  of  a  million  acres  of  land  and  the  area  under 
rental  contract  by  over  200,000  acres.  The  capacity  of 
the  reservoirs  has  been  increased  2,500,000  acre-feet. 
Nearly  1,000  miles  of  canals,  ditches,  and  drains  were 
constructed  during  the  year,  bringing  the  total  up  to 
nearly  11,000  miles.  About  8,000  canal  structures  were 
built  during  the  year,  about  300,000  ft.  of  pipe  laid,  and 
100  miles  of  canal  lined.  The  total  excavation  to  date 
amounts  to  over  140,000,000  cu.  yd.,  about  10,000,000  cu. 
yd.  of  which  were  excavated  during  the  past  year. 


The  average  unit  cost  of  grading  for  the  Bureau  of 
Streets  of  Philadelphia,  Pa.,  in  1915  was  27  ct.  per  cubic 
yard.  This  figure  is  based  on  116  contracts  aggregating 
799,488  cu.  yd.  of  excavation. 


The  Council  of  Ministers  of  Russia  has  approved  the 
insertion  in  the  1917  budget  of  an  appropriation  of 
$1,500,000  to  be  expended  during  the  next  5  years  for 
railroad  construction. 
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PLANT    AND    METHOD    OF    DRY    EXCAVATION, 
LIVINGSTONE  CHANNEL,  DETROIT  RIVER. 

The  use  of  the  dry  method  of  excavation  on  a  portion 
of  the  Livingstone  Channel  improvement  of  the  Detroit 
River  for  the  U.  S.  Government  made  the  cost  of  this  un- 
dertaking about  $600,000  less  than  it  would  have  been  by 
the  usual  subaqueous  method,  as  indicated  by  the  prices 
named  in  the  proposals  for  the  work.  The  improvement 
of  the  channel  throughout  the  greater  portion  of  its  length 
was  made  by  the  usual  subaqueous  method  of  earth  and 
rock  excavation,  the  equipment  consisting  of  dredges, 
drill  boats  and  other  floating  plant.  However,  for  a  length 
of  about  1  mile  abreast  of  Stony  Island  near  the  north 
end,  the  channel  way  was  surrounded  by  earth  dams,  the 
inclosed  area  unwatered  and  the  excavation  made  by  the 
dry  method.  This  work  was  carried  out  by  the  con- 
tractors. Grant  Smith  &  Co.  and  Locher,  in  an  unusually 
expeditious  manner.  In  the  November-December  Profes- 
sional Memoirs,  Mr.  C.  Y.  Dixon,  assistant  engineer,  de- 
scribes the  equipment  and  method  employed.  The  matter 
that  follows  has  been  taken  from  Mr.  Dixon's  article. 

Within  the  area  inclosed  by  dams,  there  was  very  little 
earth  covering  to  the  rock  and  the  depth  of  rock  cutting 
varied  from  12  to  18  ft.  The  rock  was  a  Dolomitic  lime- 
stone of  Silurian  formation,  lying  in  strata  of  from  1  to  4 
ft.  thick.  Prior  to  the  completion  of  this  improvement 
Congress,  by  act  of  June  25,  1910,  authorized  the  widen- 
ing to  450  ft.  of  that  portion  of  Livingstone  Channel  in- 
closed by  dams. 

The  contractors  leased  Stony  Island,,  which  was  pri- 
vately owned,  for  the  period  of  their  contract  and  used 
it  as  a  base  of  operations.  On  the  east  shore  of  Stony 
Island  there  was  installed  an  air-compressor  plant  which 
was  substantially  housed;  also,  there  were  erected  on  that 
island  about  40  buildings,  including  repair  shops,  ware- 
house, store,  rooming  house,  mess  hall,  school  house,  and 
a  number  of  dwellings  for  employes.  Work  on  this  im- 
provement was  in  progress  during  about  40  months,  from 
April,  1908,  to  December,  1911. 

The  plant  and  equipment  used  on  this  work  was  as  fol- 
lows: One  air-compressor  plant;  one  small  locomotive 
with  eight  flat  cars  for  handling  supplies  operated  on 
about  1'-  miles  of  track;  17  pumps  of  various  sizes,  from 
4-in.  to  18-in.;  14  portable  tripod  drills;  five  traction 
drills;  three  channelers;  three  steam  shovels,  and  three 
cableway  conveyors  of  excavated  material.  Also,  there 
were  used  for  building  dams  two  derrick  boats,  five  flat 
scows  and  three  launches.  The  number  of  employes 
varied  from  142  to  312,  the  average  being  about  250. 

The  total  length  of  channel  surrounded  by  dams  was 
about  5,800  ft.,  and  the  inclosed  area  had  an  average 
width  of  about  1.200  ft.,  being  about  160  acres.  This  area 
was  divided  into  three  parts,  each  surrounded  by  dams 
and  unwatered  separately.  The  work  of  building  the 
dams  was  begun  April  14,  1908.  The  dams  around  the 
central  portion  of  2,800  ft.  channel  length  were  completed 
Oct.  5,  1908;  those  around  a  channel  length  of  1,200  ft. 
at  the  south  end  were  completed  Sept.  4,  1909,  and  those 
around  a  channel  length  of  1,800  ft.  at  the  north  end  were 
completed  Aug.  10,  1909.  Each  area  was  unwatered  as 
soon  as  the  inclosing  dams  were  completed,  and  after  the 
unwatering  of  the  end  areas  the  intermediate  dams  cross- 
ing the  channel  were  removed.  The  length  of  dams  sur- 
rounding the  central  area  was  about  8,700  ft.  The  addi- 
tional length  of  dams  around  the  .south  area  was  about 
3,600  ft.,  and  that  around  the  north  area  was  about  4,800 
ft.  The  locations  of  dams  and  of  the  improved  channel 
are  shown  in  accompanying  sketch. 

Dam  Building.— The  dams  were  built  of  earth,  except 
at  the  upstream  end  where  broken  rock  was  first  placed 
as  a  backing  to  prevent  the  earth  from  being  washed 
away  by  the  strong  current.  All  material  entering  into 
the  construction  of  dams  was  excavated  from  other  por- 
tions of  this  improvement,  loaded  on   flat  scows  by  the 
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dredges,  the  loaded  scows  towed  to  the  site  of  the  dams 
by  tugs  and  launches  and  there  unloaded.  The  unloading 
was  done  b.y  a  derrick  boat  with  engine  equipped  for 
dragging  a  scraper  across  the  deck  of  the  loaded  scow. 
The  loaded  scraper  was  dumped  on  the  site  of  the  dam, 
although  much  of  the  material  fell  into  the  water  at  the 
side  of  the  scow.  This  material  was  later  cast  over  by  a 
dredge,  to  form  the  top  of  the  dam.  The  dams  were  built 
up  to  about  5  ft.  above  the  normal  stage  of  water;  their 
width  at  top  was  about  5  ft.  and  their  sides  assumed  a 
slope  of  about  2';;  to  1  in  water  varying  in  depth  from 
8  to  12  ft.  The  amount  of  material  used  in  the  construc- 
tion of  dams  was  about  433,000  cu.  yd. 

Pumping. — The  work  of  unwatering  the  central  area  of 
2,800  ft.  length  was  begun  Oct.  5,  1908,  by  the  use  of  two 
12-in.  centrifugal  pumps  and  an  air  lift  consisting  of  48 
8-in.  pipes.  These  pipes  were  suspended  at  an  inclination 
of  about  30  degrees  from  the  vertical  and  extended  from 
about  1  ft.  above  the  water  surface  nearly  to  the  bottom 
of  the  river.  Compressed  air  admitted  at  the  lower  end 
of  the  pipes  caused  the  water  to  be  discharged  from  the 
pipes  into  a  sluice-way,  through  which  it  flowed  into  the 
river.  This  air  lift  was  very  efficient  until  the  water  had 
been  lowered  from  12  ft.  depth  to  about  7  ft.  depth,  when 
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the  air  was  forced  through  the  water  without  raising  it. 
The  use  of  the  air  lift  was  then  discontinued.  The  work 
of  unwatering  this  area  was  so  far  completed  that  the 
operation  of  channelers  and  rock  drills  was  begun  Oct. 
19,  1908.  Further  pumping  was  done  as  required  by 
the  progress  of  the  work  of  excavation.  The  leakage 
through  the  dams  was  small,  and  after  the  initial  un- 
watering the  amount  of  pumping  was  mainly  that  due  to 
rains  and  melting  snow.  The  number  of  pumps  in  use 
varied  from  time  to  time.  There  were  in  use  for  a  part 
of  each  daj'  two  stationary  pumps  of  12  and  18  in.  in  size, 
one  at  each  end  of  the  inclosure,  discharging  directly 
into  the  river;  also,  there  were  a  number  of  smaller 
pumps  placed  where  needed  for  various  short  periods  of 
time,  discharging  into  sluice-ways  or  ditches  through 
which  the  water  flowed  to  either  end  of  the  inclosure, 
where  it  was  discharged  into  the  river  by  the  stationary 
pumps.  The  total  time  during  which  pumping  was  done 
while  this  work  was  in  progress  was  from  Oct.  5,  1908, 
to  Nov.  2,  1910,  and  from  March  4  to  Dec.  23,  1911,  being 
a  total  of  1,054  days.  The  number  and  size  of  pumps 
used,  the  total  number  of  hours  worked  by  pumps  and  the 
average  number  of  days  of  24  hours  worked  by  each  pump 
were  as  follows: 

.\\\  number  of    Totpl   number 

Xumbei-    ?incl   size        Total   number  davF  of  24  hrs.  of  days  during 

of   pumps.                     of  hours  each   worked       whi-rh   pump- 

worlied.  by  eich  pump,  ing  was  done. 

1   tS-in.  pump 17.90:,  7^6.0  1 

::  12-in.   pumps •       X4.87.3  .145.5  I    . 

!1    S-in.    pumps 82,145  .ISCS  '>            1,054 

?,    6-in.    pumps 10,505  229.2  I 

1    4-in.    pump ',77S  74.1  J 

All  operations  in  connection  with  this  work  were  sus- 
pended from  Nov.  3,  1910,  to  March  3,  1911,  through  no 
fault  of  the  contractors,  and  the  necessary  pumping  dur- 
ing that  interval  is  not  included  in  this  statement. 

Channeling. — Prior  to  blasting  the  rock  to  be  excavated, 
that  along  the  side  lines  was  cut  to  the  required  depth  by 
channelers,  which  were  air  driven  and  three  in  number. 
Each  channeler  was  operated  by  three  men  working  in 
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eight-hour   shifts,    usually   for    16   hours   per   day. 
record  of  work  done  by  channelers  was  as  follows: 
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neling 

machine. 
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12.9 

SIS 

32 

7,0S2 

1,9»S 

99,474 

14.1 

■lOO 

21  23/30 

5.308 

2,308 

00.234 

11.3 

Totals     .  . 

.   19.358 

6,138 

250,160 

12.9 

Drilling  and  Blasting.— The  work  to  be  excavated  be- 
tween the  channeled  side  lines  was  broken  by  drilling  and 
blasting.  The  number  of  small  portable  tripod  drills  used 
varied  from  five  to  fourteen.  Also,  there  were  used  at 
different  times  five  traction  drills  mounted  on  trucks. 
These  traction  drills  were  equipped  for  "pinning  up,"  so 
as  to  be  rigid  when  in  operation  and  with  a  special  device 
for  washing  out  the  sludge,  making  them  much  more  effi- 
cient than  the  small  portable  tripod  drills.  All  drills  were 
air-driven,  and  each  was  operated  by  two  men  working  in 
8-hour  shifts,  usually  for  16  hours  per  day.  The  holes 
were  usually  drilled  at  the  corners  of  6-ft.  squares.  In 
blasting  the  rock  two  grades  of  dynamite  were  used,  60 
per  cent  and  40  per  cent,  the  latter  near  the  side  lines  to 
lessen  the  danger  of  shattering  the  channeled  face  of 
wall.  The  record  of  work  done  by  the  portable  and  trac- 
tion drills,  and  of  the  amount  of  dynamite  used,  was  as 
follows : 
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.125,614 

10,579 

116,970 

649,870 
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498,737 

1,051,115 

5.2 

i.ti 

Traction 

drills     . 

.     7,774 

3,068 

8,747 

101,973 

86.210 

77,838 

164,048 

11.8 

i.tj 

Totals    ..133,388  13,647  125,717  751,7*3  638,588  576,573  1,215,163     5.6     1.6 

Excavation. — The  material  was  excavated  by  steam 
shovels  and  deposited  in  skips  or  iron  baskets  of  about 
5  cu.  yd.  capacity,  which  were  carried  by  cableway  con- 
veyors about  400  ft.  to  points  back  of  either  side  of  the 
channel  and  there  dumped.  There  were  used  three  shovels 
and  three  cableway  conveyors.  The  conveyors  were  oper- 
ated by  compressed  air,  and  they  were  suspended  from 
two  towers  about  100  ft.  high,  one  on  each  side  of  the 
channel.  As  the  work  advanced  the  cableway  towers  were 
moved  forward  on  tracks  in  order  to  keep  abreast  of  the 
steam  shovels.  Following  the  steam  shovels,  a  gang  of 
laborers  cleared  the  bottom  of  all  loose  rock,  which  was 
placed  in  the  skips  by  hand.  Then  the  elevations  of  the 
highest  points  of  the  bottom  were  obtained  by  the  use 
of  a  surveyor's  level  to  insure  the  required  grade  being 
made,  and  where  necessary  high  points  of  rock  were  re- 
moved by  further  drilling  and  blasting,  and  by  hand 
labor.  Thus,  as  the  work  advanced  it  was  left  completed. 
The  steam  shovels  and  cableway  conveyors  were  oper- 
ated in  8-hour  shifts,  usually  for  24  hours  per  day.  The 
number  of  men  in  each  shift  with  steam  shovel  and  cable- 
way  conveyor  was  3  on  steam  shovel,  2  on  cableway  con- 
veyor, 1  bell-boy  to  give  signals  for  operating  cableway, 
1  man  to  hook  skips  to  cableway,  and  1  foreman  and  6  la- 
borers excavating  by  hand  labor,  being  a  total  of  14  men. 
The  record  of  work  done  by  steam  shovels  and  by  hand 
labor  was  as  follows: 

ri         , Material    removed ^  fe 
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Use  of  Compressed  Air. — Compressed  air  was  the  prin- 
cipal motive  power  for  pumps,  channelers,  drills,  cable- 
way  conveyors  and  shops.  The  compressor  plant  con- 
sisted of  two  units,  one  of  about  700  H.P.  and  one  of  about 


300  H.P.  Usually,  during  working  hours,  the  compressor 
plant  was  operated  to  full  capacity;  but  at  night  when 
only  a  portion  of  other  plant  was  at  work,  and  on  Sundays 
when  only  the  pumps  were  in  use,  one  compressor  work- 
ing at  low  speed  furnished  ample  power  for  all  purposes. 
There  was  therefore  frequent  opportunity  for  repairs  to 
compressors  and  they  were  kept  in  excellent  condition 
throughout  the  entire  period  of  the  work.  This  plant  was 
operated  by  men  working  in  three  8-hour  shifts  per  day. 
The  force  of  each  shift  consisted  of  1  engineman,  2  oilers, 
1  fireman  and  2  laborers.  The  air  was  delivered  to  the 
main  line  pipe  under  a  pressure  of  90  lb.  per  square  inch, 
at  a  temperature  of  230°  F.  The  main  line  pipe  was  8 
in.  in  diameter  and  about  7,500  ft.  long  and  it  was  placed 
on  top  of  the  dam  surrounding  the  inclosure.  At  frequent 
intervals  along  the  main  line  pipe,  distributing  pipes 
from  1  to  6  in.  in  diameter  conveyed  the  compressed  air 
to  points  on  the  work  where  needed.  The  pipe  lines  re- 
quired the  constant  attention  of  about  four  men  in  lay- 
ing and  shifting  distributing  lines,  in  stopping  air  leak- 
age and  in  drawing  off  condensed  moisture.  During  cold 
weather  fires  were  necessary  at  frequent  intervals  under 
the  pipes  to  prevent  moisture  from  freezing  and  stopping 
flow  of  air.  Also,  for  greater  efficiency  the  compressed 
air  passed  through  reheaters  before  use  in  the  operation 
of  channelers  and  cableway  conveyors. 

The  relative  cost  of  each  item  of  work  incident  to  the 
excavation  and  disposal  of  rock  was  approximately  as 
follows : 

Percentage 
Items  of  work.  of  total  cost. 

Cofferdam  construction  and  removal 8.7 

Pumping     10.0 

Channeling    3.0 

Drilling 15.2 

Blasting     ' 17.5 

Excavating     22.6 

Conveyin,g   and   disposal  of  material 16.5 

General    expenses 6.5 

Total    100.0 

The  amounts  of  earth  and  rock  excavated  within  the 
cofferdam  inclosure;  the  amounts  paid  the  contractors 
for  excavation,  including  cofferdam  construction  and  later 
removal  of  dams  crossing  the  channel,  and  the  approxi- 
mate average  cost  to  the  United  States  per  cubic  yard, 
was  as  follows: 

Approximate 
aver- 
.\mounts  paid      age  rate  per 
Material.  Cubic  yards.         to  contractors.       cubic  yard. 

Earth     223.639  $     129,746.05  $0.58 

Rock     1,415,390  1.786,929.88  1.26^4 

Total    1,639.029  $1,916,675.93  $1.17 

The  cost  of  this  improvement  was  about  $600,000  less 
than  it  would  have  been  by  the  usual  subaqueous  method, 
as  indicated  by  prices  named  in  proposals  for  the  work. 
In  addition  to  this  saving,  the  work  was  done  in  about  75 
per  cent  of  the  time  that  would  otherwise  have  been  re- 
quired and  vessels  using  this  channel  are  much  less  liable 
to  injury,  because  of  the  smooth  vertical  sides  and  nearly  I 
even  bottom.  Livingstone  Channel  was  formally  opened  I 
to  navigation  on  Oct.  19,  1912. 


The  citizens  of  St.  Augustine,  Fla.,  have  voted  to  retain 
the  commission-manager  plan  of  city  government.  At  the 
election  Nov.  8  the  candidates  for  the  city  charter  board 
pledged  to  commission-manager  government — in  other 
words,  the  present  charter,  with  possibly  slight  modifica- 
tions— were  elected'over  the  candidates  who  proposed  to 
upset  commission-manager  government,  by  a  vote  of  more 
than  two  to  one.  The  commission-manager  charter  of  St. 
Augustine  was  adopted  in  June,  1915,  by  a  bare  majority 
of  18  votes.  The  average  majority  on  the  recent  election 
was  329  votes.  The  three  present  commissioners  as  can- 
didates for  the  charter  board,  led  the  ticket. 


The  city  of  Baltimore,  Md.,  on  Nov.  8  voted  a  $3,000,000 
loan  for  further  street  improvements.  Of  the  amount 
$2,000,000  is  for  pavements  in  the  annex  and  $1,000,000 
for  work  in  the  old  city  limits. 
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DRAG  LINE  OUTFIT  SAVES  2-MILE  HAUL. 

The  drag. line  outfit  shown  in  the  accompanying  illus- 
tration saves  a  2-mile  haul  for  gravel.  The  installation 
is  located  about  V/2  miles  west  of  the  town  of  Casper,  Wyo. 

The  material  on  both  sides  of  the  river  is  gravel,  but 
that  on  the  near  side  contains  too  much  loam  and  silt, 
while  the  material  on  the  opposite  side  of  the  river  is  in 
proper  proportion  for  use  in  making  concrete.  This  plant 
was  installed  both  to  load  and  to  haul  the  gravel  from  the 
opposite  side  of  the  river.  As  the  nearest  crossing  is  a 
mile  up  stream  away  from  the  town  of  Casper,  the  equip- 
ment saves  this  2-mile  haul.  There  is  also  some  excellent 
gravel  in  the  bottom  of  the  stream  and  it  is  the  intention 
to  excavate  this  as  soon  as  the  supply  is  pretty  well  ex- 
hausted on  the  opposite  side. 

The  bucket  is  the  back  dump  Pioneer  excavating  bucket 
of  1-yd.  capacity.  The  pole  is  12x12  Douglas  fir,  spliced 
in  the  middle  at  the  spider.  The  spider  is  7  ft.  across  be- 
tween tension  rods.  The  tension  rods  are  I's  in.  diameter 
and  are  provided  with  turn  buckles  to  take  up  the  stretch 
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ing.  Five  guy  wires,  1-in.  diameter,  are  provided  to  resist 
the  pull  on  a  track  cable  which  is  quite  large,  as  the 
bucket  and  load  weighs  about  5,500  lb.  A  boiler 
burning  fuel  oil  and  a  40  H.P.  double  drum  hoisting  en- 
gine are  used  to  operate  tension  and  drag  cables.  With 
this  equipment  two  men  only  are  needed — a  hoisting  en- 
giner  and  a  fireman.  A  round  trip  is  made  in  about  2V2 
minutes  on  an  average. 

The  bin  was  built  low  for  the  reason  that  later  on  it  is 
expected  that  a  screening  equipment  will  be  added.  Gravel 
from  the  bin  is  dumped  by  gravity  directly  into  the  wagons 
by  a  chute,  as  shown  in  one  of  the  illustrations. 

The  equipment  was  furnished  and  installed  by  H.  W. 
Moore  &  Company,  Denver,  Colo.,  for  Mills  &  Baker,  con- 
tractors of  Casper,  Wyo. 


A    $1,000,000   RAILROAD   IMPROVEMENT   AT 
BOSTON,  MASS. 

The  New  York,  New  Haven  &  Hartford  R.  R.  will  ex- 
pend  about   $1,000,000  for  improvements    at    the    South 


Drag   Line  Gravel   Excavating  Outfit  Operating   Across   River. 


in  the  rods.  Shoes  are  provided  at  both  ends  of  the  rod 
and  fastened  rigidly  to  the  pole  so  that  the  slip  is  reduced 
to  a  minimum.  All  blocks  at  the  top  of  the  pole  are 
hitched  with  three  loops  of   Ts-in.  steel  cable  and  have 


Unloading   End   of  Cablcway. 

never  given  any  trouble  since  installation.  The  bucket 
operates  on  a  li's-in.  Hercules  wire  rope  about  600  ft.  long, 
and  the  drag  cable  is  ^'fi  in.  in  diameter,  the  same  make  of 
rope.    The  blocks  are  of  large  diameter  and  self-lubricat- 


Boston  cut,  Boston,  Mass.  Nearly  all  the  freight  which 
the  New  Haven  road  carries  into  or  out  of  Boston  has  to 
pass  through  this  cut.  This  is  a  narrow  walled  cut,  with 
barely  room  enough  for  two  tracks  passing  under  eleven 
low  highway  bridges  which  give  very  little  clearance  above 
the  tops  of  the  present  locomotives  and  cars. 

It  is  expected  to  obtain  the  increased  capacity,  first,  by 
increasing  the  space  available  for  the  larger  equipment 
on  the  present  two  tracks,  and  second,  by  providing  room 
for  two  additional  tracks  capable  of  using  this  larger 
equipment. 

To  obtain  greater  overhead  clearance,  it  is  proposed  to 
lower  the  tracks  as  much  as  possible  without  getting  too 
far  below  tide  water,  the  maximum  lowering  being  about  4 
ft.  The  lowering  of  the  tracks  does  not  give  quite  suffi- 
cient overhead  clearance  and  some  of  the  11  overhead 
bridges  are  to  be  raised  slightly,  this  raising  being  kept  at 
a  minimum  so  as  to  injure  as  little  as  possible  private 
property  fronting  on  the  streets  affected. 

To  get  room  for  the  two  additional  tracks  land  has  been 
purchased  on  the  southeasterly  side  of  the  present  tracks, 
so  that  four  tracks  with  ample  space  between  them  will 
be  made  available. 

The  bridges  now  crossing  over  the  cut  will  be  entirely 
rebuilt  of  steel,  with  solid  floors  and  will  span  the  four 
tracks.  The  four  narrow  bridges  at  Bolton  street,  Athens 
street.  Silver  street  and  Gold  street  will  have  wood  block 
paving  and  the  bridges  at  West  Second  street.  West  Third 
street,  Broadway,  West  Sixth  street  and  Dorchester  ave- 
nue will  have  granite  block  paving.  All  of  the  streets 
wherever  changed  in  grade  will  be  resurfaced  and  left  in 
as  good  condition  as  at  present. 
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LEASING  CONTRACTOR'S  TRUCKS  AT  END  OF 
CONSTRUCTION  SEASON. 

As  the  motorizing  of  the  coal  handling  business  is 
scarcely  begun,  one  of  the  most  inviting  fields  for  the  con- 
tractor is  the  hiring  of  his  trucks  to  coal  merchants  whose 
busy  season  begins  to  advance  as  the  contractors'  recedes. 
The  picture  of  the  7-ton  Sterling  truck  owned  by  Ander- 
son Brothers,  haulage  contractors  of  Cincinnati,  0.,  is  an 
excellent  illustration  of  a  dual-purpose  motor  truck.  Dur- 
ing the  spring  and  summer,  Anderson  Brothers  haul  sand 
and  gravel,  brick  and  stone  for  the  materials  dealers  of 
their  city.  Instead  of  letting  their  relatively  expensive 
piece  of  efficiency  equipment  lie  idle  during  the  winter  sea- 


Dual  Purpose  Truck  of  Anderson   Bros.,  Cincinnati,  O. 

son,  they  lease  it  to  the  coal  merchants  and  keep  it  going 
all  the  year  round. 

Anderson  Brothers'  equipment  is  a  combination  of 
double  deck  or  convertible  automatic  dumping  truck.  The 
body  is  constructed  in  two  sections  longitudinally,  the 
capacity  of  the  lower  section  being  proportioned  so  as  to 
handle  a  full  load  of  sand  and  crushed  stone  or  builders' 
materials.  The  flanges  of  the  body  are  drilled  to  receive 
the  upper  section  and  by  bolting  the  two  decks  together, 
the  capacity  is  sufficient  to  handle  7  tons  of  soft  coal  with 
a  reasonable  margin  for  overloading  by  crowning.  The 
demounting  of  the  upper  deck  can  be  accomplished  with 
no  more  tools  than  a  stout  wrench  and  an  overhead  crane 
in  less  than  15  minutes'  time. 

The  upper  section  contains  hinged  steel  dividing  plates 
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a  mercantile  truck  at  the  end  of  the  contracting  season 
are  large,  very  few  have  adopted  it. 

An  excellent  example  of  the  elimination  of  non-produc- 
tive time  in  motor  truck  operation  in  the  coal  handling 
business  is  given  below: 

The  Callaway  Fuel  Co.  of  Milwaukee  uses  a  Sterling  SVo- 
ton  truck  in  retail  coal  business  in  the  following  man- 
ner: 

The  truck  after  being  loaded  from  overhead  hoppers  pro- 
ceeds with  its  load  of  helpers  to  the  consumer's  premises. 
It  may  happen  that  the  consumer  may  be  a  private  resi- 
dence having  need  for  only  500  to  1,000  lb.  of  fuel.  In 
this  case,  the  heavy  canvas  bags  of  100-lb.  capacity  are 
loaded  with  the  required  amount  and  delivered  through 
the  flour  bin  type  of  chute  at  the  rear  end  of  the  body, 
the  hydraulic  hoist  tilting  the  dumping  body  sufficiently 
for  the  fuel  to  flow  gently.  In  the  event  that  a  bulk  load 
is  to  be  delivered,  the  large  canvas  is  spread  upon  the 
pavement  in  front  of  the  residence  or  business  premises, 
the  entire  load  dumping  in  a  heap  and  the  truck  immedi- 
ately proceeds  to  return  to  the  loading  point,  the  helpers 
being  left  behind  to  put  the  coal  in  the  premises.  In  case 
of  a  concentrated  business  district  where  there  is  a  side 
or  rear  alley  or  even  a  street  not  congested  by  traffic  and  a 
number  of  deliveries  are  made  in  the  same  neighborhood, 
the  helpers  may,  after  putting  in  the  coal,  walk  to  the 
next  place  of  delivery,  the  address  of  which  has  been  given 
them  by  the  driver  with  the  routing  card 

It  is  not  always  practical  to  so  route  the  loads  as  not  to 
detour  considerable  mileage  each  day  to  pick  up  the  help- 
ers. This  especially  true  of  deliveries  in  residential  dis- 
tricts since  one  customer  may  be  delivered  a  load  two  or 
three  miles  distant  from  the  ne-^Jt,  necessitating  either 
the  helpers  proceeding  by  street  car  to  the  next  home  or  i 
the  truck  detouring  to  pick  them  up. 

The  non-productive  time  in  the  operation  of  picking  up 
the  helpers  is  less  than  under  the  horse  wagon  system. 
Under  the  crude  system  of  some  motor  coal  truck  users, 
who  keep  the  truck  standing  while  the  helpers  are  taking 
off'  the  load,  hardly  50  per  cent  of  the  operating  day  is 
productive. 


REVOLVING  PILE  DRIVER. 

In  the  construction  of  the  jetty  works  at  the  mouth  of 
the  Columbia  River  for  the  U.  S.  Government  the  revolving 
pile  driver  shown  in  the  accompanying  illustration  was  | 


Trucl<   Delivering  Small    Loads  of  Coal. 

so  that  when  used  for  coal  handling,  the  truck  becomes 
a  compartment  body  machine  so  that  if  the  coal  dealer 
renter  sells  mainly  to  retailers,  tonnages  of  3V2  or  frac- 
tional amounts  can  be  delivered  independently. 

It  is  of  course  readily  practicable  to  design  the  upper 
deck  of  such  dimensions  as  will  enable  the  combination 
of  the  two  decks  to  handle  anthracite  coal  and  a  variety 
of  other  bulky  materials  which  the  haulage  contractor  may 
lease  his  trucks  to  transport,  such  as  shavings,  saw- 
dust, etc. 

While  the  possibilities  of  mounting  the  dumping  body 
on  a  platform  bed  with  stake  holders  for  converting  it  into 


Truck  Delivering  Bulk  Loads  of  Coal. 

used.  This  driver  is  of  original  design  and  was  adopted 
on  several  of  the  works  on  the  Pacific  coast  on  account  oi 
its  economical  and  efficient  work.  The  following  descrip 
tion  of  the  driver  is  taken  from  the  November-Decembei 
Professional  Memoirs  of  the  U.  S.  Corps  of  Engineers: 

The  pile  driver  is  of  the  revolving  platform  combinec 
hammer  and  jet  type.  It  is  mounted  on  four  double  truck.- 
of  8  wheels  each,  making  32  wheels  in  all,  traveling  or 
double  tracks,  13-ft.  centers,  making  a  wheel  base  16  ft 
across  the  tracks  and  having  an  extreme  longitudinal  basf 
of  221 .;,  ft. 

The  car  which  supports  the  base  for  the  revolving  plat. 
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form  to  rest  on  is  built  up  of  trussed  wooden  beams,  form- 
ing a  strong  rectangular  framework  which  extends  over, 
and  runs  on,  both  tracks,  each  of  the  four  corners  of  the 
car  being  supported  by  a  double  truck  in  such  a  way  that 
each  track  takes  its  share  of  the  load.  On  this  base  a 
revolving  track  16  ft.  in  diameter  is  built  of  30-lb.  rails. 
On  the  under  side  of  the  platform  is  a  track,  also  of  30-lb. 
rail,  which  coincides  with  the  track  on  the  base,  and  the 
platform  revolves  on  steel  rollers  placed  between  these 
tracks.    Th''-  rollers  are  caged,  so  as  to  maintain  spacing. 

Inside  the  roller  path  is  a  large  gear  wheel  into  which 
meshes  a  pinion  from  the  engine  on  the  revolving  plat- 
form; thus  the  entire  working  part  of  the  driver  is  re- 
volved at  will  by  the  engine. 

Aside  from  the  jet  pump,  the  entire  working  parts  of  the 
driver  are  mounted  on  the  revolving  platform.  The  jet 
pump  is  mounted  on  a  platform  attached  by  hoisting  lines 
to  the  main  car  platform,  as  owing  to  the  height  of  the 
driver  above  low  water  it  is  necessary  to  lower  the  pump 
below  the  track  level.     The    stream    is    led   to   the    pump 


Revolving    Pile    Driver. 

through  a  flexible  suction  hose  and  the  discharge  water  is 
carried  through  the  center  pivot  casting  of  the  revolving 
platform. 

The  revolving  portion  consists  of  a  braced  platform  con- 
structed on  the  cantilever  principle.  It  is  66  ft.  long  and 
has  a  clear  overhang  beyond  the  trucks  of  22  ft.  The 
compression  members  are  of  timber  and  the  tension  mem- 
bers of  round  steel.  On  one  end  gins  72  ft.  high  are 
erected,  and  on  the  other  is  placed  a  locomotive  tvpe  boil- 
er, fuel  and  water.  In  the  center  is  an  8I4  by  10  in.  double 
cylinder,  double  drum,  link  reversing,  hoLsting  engine, 
which  besides  the  work  of  pile-driving  also  revolves  the 
driver  by  means  of  gearing  through  a  friction  clutch.  A 
shelter  of  wood  is  built  over  the  boiler  and  engine.  The 
jet  water  comes  through  the  center  pivot  and  divides  into 
two  2V2-in.  branches;  each  branch  is  carried  through  a 
hose  over  a  5-ft.  sheave,  which  is  counterbalanced,  thus 
keeping  the  slack  out  of  the  hose. 

This  pile  driver  has  worked  so  satisfactorily  that  it  has 
not  been  necessary  to  make  any  modifications  in  the  re- 
cent ones  built  for  similar  work  on  the  Pacific  coast.  The 
cost  of  a  complete  driver  is  approximately  $11,000,  when 
byilt  in  the  government  shops. 
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METHOD  AND  GENERAL  COST  OF  ROCK  EXCA- 
VATION FOR  THE  INLET  SWAMP  DRAIN- 
AGE DISTRICT,  ILLINOIS. 

The  Inlet  Swamp  Drainage  District  comprises  32,000 
acres  of  rich  muck  land  in  Lee  County,  Illinois.  It  lies  be- 
tween the  Chicago  &  Northwestern  Ry.,  the  Illinois  Cen- 
tral Ry.  and  the  Chicago,  Milwaukee  &  St.  Paul  Ry.  The 
district  is  15  miles  long  and  from  1  to  5  miles  wide.  The 
point  where  Inlet  Swamp  ends  and  Green  River  begins  is 
known  as  the  Inlet.  This  is  a  limestone  ledge  4  miles 
wide  and  of  unknown  depth  which  acts  as  a  dam  at  the 
lower  end  of  the  swamp.  The  river,  in  years  past,  had 
cut  a  narrow  channel  through  this  ledge  but  its  capacity 
was  small.  Under  two  early  contracts  the  Inlet  was 
dredged  to  a  bottom  width  of  30  ft.  and  a  depth  of  6  ft. 
In  1912  the  Commissioners  of  the  District  awarded  a  con- 
tract to  the  Northern  Construction  Co.  of  Elkhart,  Ind., 
for  the  enlargement  of  existing  open  ditches,  the  construc- 
tion of  new  ditches  and  the  cleaning  out  of  existing 
ditches.  The  work  included  172,000  cu.  yd.  of  rock  exca- 
vation and  over  1,000,000  cu.  yd.  of  earth  excavation,  the 
total  contract  price  being  approximately  $272,500. 

The  rock  excavation  was  about  85  per  cent  bottom  work 
and  15  per  cent  side  work.  The  base  width  was  40  ft., 
and  the  side  slopes  '4  to  1.  The  contract  price  was  98.84 
ct.  per  cubic  yard.  The  methods  employed  in  handling 
this  portion  of  the  work  were  described  by  Mr.  A.  W. 
Naylor  in  a  thesis  prepared  for  the  Missouri  School  of 
Mines  and  Metallurgy,  and  the  matter  that  follows  has 
been  taken  from  that  paper. 

The  equipment  used  on  the  work  was  as  follows:  A  2- 
cu.  yd.  capacity  dipper  dredge,  with  70-ft.  boom,  telescopic 
bank  spuds  and  double  hitch  type  swinging  engines,  made 
by  the  Marion  Steam  Shovel  Co.  The  wood  hull  was  90 
ft.  X  34  ft.  X  7  ft.  and  cost  complete  $8,000.  The  ma- 
chinery cost  $11,150.  The  drills  were  the  E-44  steam  type 
fitted  44  head,  44  shell  and  42  chuck  and  were  purchased 
from  the  Ingersoll-Rand  Co.  They  cost  $208  each.  The 
E-27  tripods  complete  cost  $45  each.  The  cross  bits  used 
had  a  I's-in.  shank. 

In  order  to  avoid  drilling  the  rock,  which  was  under, 
water  from  1  to  5  ft.  in  depth,  from  barges,  two  crib  dams 
were  built,  one  at  the  upper  end  of  the  Inlet,  and  one 
two  miles  from  the  lower  end.  The  water  was  held  by 
these  dams  during  the  day  and  allowed  to  flow  through  the 
gates,  with  which  the  d?ms  were  eauipped,  during  the 
night.  This  made  it  possible  to  drill  the  rock  dry,  and  to 
carry  on  the  work  into  the  winter  months.  This  also 
necessitated  the  work  being  started  at  the  lower  end  of 
the   ditch. 

The  holes  were  drilled  approximately  5  ft.  apart.  The 
outside  holes  were  1^l>  ft.  to  2  ft.  outside  of  the  slope  line. 
The  holes  were  all  drilled  approximately  3  ft.  below 
grade,  after  experimenting  on  the  first  300  ft.  This  broke 
the  rock  a  little  below  grade  and  with  the  exception  of  the 
first  few  hundred  feet,  it  was  never  found  necessary  to 
drill  and  blast  the  second  time. 

The  rock  varied  in  depth  from  1  ft  to  8  ft.  and.  in 
places,  was  covered  with  loose  rock  and  sand  from  1  ft. 
to  3  ft.  in  depth. 

Forty  and  60  per  cent  dynamite  was  used  and  the 
charges  were  fired  by  a  battery,  40  to  60  holes  at  one  time, 
usually  at  noon  and  at  night  when  all  of  the  men  were 
out  of  the  ditch. 

The  dredge  was  built  in  Green  River  below  the  rock,  and 
began  excavating  as  soon  as  the  first  rock  was  blasted. 
The  excavation  was  kept  as  close  as  possible  to  the  drillers 
at  all  times. 

A  brush  dam  was  built  in  the  river  below  the  dredge 
to  control  water  for  same,  and  to  allow  it  to  work  under 
the  most  favorable  conditions.  It  was  only  found  neces- 
sary to  build  two  dams  for  this  purpose.  The  second  one 
was  located  about  two  miles  from  the  lower  end  of  the 
ditch,  after  the  dredge  had  passed  this  point. 

The  dredge  was  only  operated  during  the  day.  The  10- 
hour  shift  was  sufficient  to  take  care  of  the  rock  as  rap- 
idly as  it  was  blasted. 
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This  rock  was  wasted  along  the  banks,  leaving  a  berm 
of  5  ft. 

Steam  for  the  drills  was  furnished  by  a  traction  engine 
and  a  boiler  mounted  on  a  truck. 

The  actual  construction  work  was  started  May  3rd,  1913, 
and  completed  Dec.  15th,  1915.  The  work  covered  a  dis- 
tance of  21,350  ft.  The  average  cut  was  7  ft.  The  fol- 
lowing table  shows  the  cost  record  for  excavating  the 
rock: 

strip- 
piny. 

Supt.  office  and  overhead...?    765 

Labor    2,610 

Board    915 

Team  worlc   lo4 

Coal,   including-  freight 1,3S2 

Lubricating  oils   65 

Cables   302 

Dredge  repairs   527 

Drill.*   and   repairs 

Boiler  repairs    

Drill   shsrpener   repairs 

Drill   bits    

Boiler   chemicals 

Traction  engine  repairs 

Blasting  repairs 

60%  dj'namite   

40%    dynamite    

Fuses    

Rubber  boots,    clothing-,    etc 

Dams  and  maintenance 565 

Sundries    exp 62 

Removing    bridges 150 

Rental,   depreciation,   etc....      843 

Premium  on  bonds 53 

Liability    insurance    62 


Total     $3,441 

Extra  work,  dismantling  dredge,  etc 


Drill- 

Blast- 

Dredg- 

ing. 

ing. 

ing. 

Totals. 

$  6,369 

$  2,425 

$  3,190 

$  12,751 

24,736 

2,844 

7,972 

38,163 

9,637 

507 

2,536 

13,596 

1,510 

357 

5S0 

2,552 

5,243 

5,003 

11,629 

326 

272 

664 

969 

1,271 

3,302 

3,829 

4,089 

4,089 

1,713 

1,713 

402 

402 

460 

460 

72 

46 

119 

405 

405 

120 

120 

16,992 

16,992 

11.214 

11,214 

2,317 

2,317 

1,504 

133 

2S 

1.666 

967 

393 

1,629 

3,555 

1,982 

589 

500 

3,135 

22 

173 

4,350 

182 

3,553 

8,929 

260 

150 

121 

584 

348 

496 

153 

1,060 

$64,405 

$38,724 

$29,830 

$141,402 
5,298 

$146,700 


LIQUID  RHEOSTATIC  CONTROL  FOR  LARGE 

ALTERNATING  CURRENT  WOUND-ROTOR 

MOTORS. 

The  extensive  use  of  electric  motor  drive  for  mine  haul- 
ages, hoists,  dredges,  and  similar  applications  brought  to 
the  fore  the  necessity  for  a  controller  for  large  wound- 
rotor  induction  motors  which  would  give  wide  and  ac- 
curate speed  variation,  positive  time  limit  acceleration, 
and  allow  the  motor  to  run  at  reduced  speeds  for  long 
periods.  To  meet  these  conditions  the  We.stinghouse  Elec- 
tric &  Mfg.  Co.  of  East  Pittsburgh,  Pa.,  designed  the  liquid 
type  of  control  which  is  shown  in  the  accompanying  illus- 
tration.   These  controllers  have  been  in  successful  opera- 
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View   of    Licuid    F^heostatic   Control    Outfit. 

tion  in  various  applications  for  the  last  four  years  and 
have  proven  equal  to  the  most  severe  requirements. 

In  the  type  of  control  shown  the  depth  of  the  liquid,  in 
which  the  electrodes  are  immersed  is  varied.  This  prin- 
ciple insures  smooth  acceleration  and  close  speed  regula- 
tion of  the  motor  as  an  infinite  number  of  steps  can  be  ob- 
tained by  gradually  varying  the  depth  of  the  liquid.  It 
eliminates  objectionable  jerks  and  sudden  strains  in  both 
the  cable  and  equipment  when  starting  loads  of  large  in- 
ertia. The  construction  and  operation  of  the  control  is  so 
simple  that  even  an  inexperienced  operator  can  obtain 
good  results,  and  maintenance  costs  are  low,  since  the 
electrodes  are  practically  the  only  parts  requiring  renewal 
and  these  very  infrequently.  It  is  of  especial  value  for 
heavy  duty  reversing  service  when  starting  is  frequent 
and  the  motor  is  run  at  reduced  speeds.  It  is  furnished 
for  any  primary  voltage  and  frequency  and  for  either  two 
or  three  phase. 


ENGINEERING 
AND     CONTRACTING 

METHOD  OF  TRANSPLANTING  HALF  GROWN 
TREES. 

In  Vertical  Farming  Magazine  for  November,  Mr.  N.  D. 
Rand  gives  the  following  description  of  the  methods  em- 
ployed in  transplanting  half-grown  maple  trees. 

In  August  53  trees  were  selected  for  transplanting. 
These  ranged  from  25  to  30  ft.  in  height,  with  a  spread  of 
10  to  12  ft.  The  best  specimens  were  selected  and  a  strip 
of  white  cloth  tied  around  the  tree  for  identification.  In 
September  a  trench  was  dug  around  each  tree.  This  trench 


Method    of    Removing     and     Resetting    Tree. 

was  about  18  in.  wide  and  3',  2  ft.  deep,  and  from  2I2  ft. 
to  3  ft.  from  the  tree,  leaving  a  ball  of  earth  5  or  6  ft. 
in  diameter.  As  soon  as  the  trench  around  each  tree  was 
completed  it  was  packed  tightly  with  straw  and  a  couple 
of  inches  of  earth  thrown  over  the  straw  to  hold  it  down. 
Care  was  exercised  in  cutting  the  roots  to  leave  a  clean, 
smooth  wound  to  aid  in  callousing. 

The  holes  for  the  trees  were  then  dug  on  each  side  of 
the  avenue.  These  holes  were  made  about  8  ft.  in  diameter 
and  4  ft.  deep  and  gave  ample  space  to  work  around  the 
ball  of  earth,  and  to  fill  in  with  rich  mellow  soil  for  the 
development  of  root  fibres.  The  center  of  each  hole  was 
drilled  to  a  depth  of  5  ft.  and  fired  with  a  charge  of  one 
stick  of  20  per  cent  Red  Cross  E.xtra.  Twenty-six  and  a 
half  pounds  of  dynamite  were  used  with  53  No.  6  caps 
and  265  ft.  of  fuse.  The  subsoil  layer  of  hardpan  aver- 
aged from  5  to  6  ft.  deep,  and  it  was  thought  best  to  place 
the  charge  at  the  bottom  of  this  and  sufficiently  heavy  to 
break  up  the  entire  layer. 

In  January  after  the  ground  had  frozen  to  a  depth  of  3 
ft.  the  straw  was  removed  from  the  trenches.  A  gin  was 
constructed  of  three  stout  poles  with  a  steel  bar  through 
the  top.  From  this  bar  hung  two  1^  2-ton  chain  hoists,  as 
shown  in  sketch.  '  By  means  of  stout  poles,  one  end  prying 
against  one  side  of  the  ball  of  earth  and  the  other  fastened 
to  tackle  blocks,  the  ball  was  raised  sufliciently  to  pass  a 
chain  under.  This  operation  was  repeated  on  the  opposite 
side  and  the  gin  was  then  placed  in  position  and  each 
chain  fastened  to  a  chain  hoist  and  three  ropes  secured 
about  two-thirds  up  the  tree  to  steady  it.  The  tree  was 
then  raised  until  the  bottom  of  the  frozen  ball  of  earth 
was  about  a  foot  above  the  top  of  the  ground.  Three  pieces 
of  4x4  were  slipped  under  the  tree  and  then  a  large  stone 
boat  was  pulled  under,  resting  on  the  4x4s.  The  tree  was 
then  lowered  to  the  stone  boat  and  hauled  to  the  desired 
location,  being  steadied  on  the  way  by  the  three  guy  ropes. 

Unloading  was  a  very  simple  matter.  The  heavy  4x4s 
were  placed  over  the  hole  and  the  stone  boat  drawn  on 
until  the  tree  was  in  the  center.  The  tree  was  then  pulled 
over  to  one  side  by  the  guy  ropes  and  the  stone  boat  drawn 
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out,  allowing  the  tree  to  rest  on  the  heavy  timber.  The 
horses  were  then  fastened  to  the  timbers  and  each  one 
drawn  out,  which  allowed  the  tree  to  slip  into  the  hole. 
Before  taking  the  tree  out  of  the  woods,  the  south  side 
was  determined  and  the  tree  transplanted  in  the  same 
relative  position. 

The  cost  of  moving  the  trees  was  approximately  $6.50 
per  tree,  which  did  not  include  digging  the  trenches,  dig- 
ging the  holes  for  the  trees  or  blasting.  Five  men,  a  fore- 
man and  team  of  horses  were  employed.  For  the  digging, 
the  same  foreman  and  a  crew  of  six  Italians  were  em- 
ployed. 


EXPERIMENTS  TO  DETERMINE  FROST  ACTION 
ON  SAND. 

During  the  development  of  the  plans  for  the  Yale  Bowl 
— the  athletic  field  for  Yale  University  at  New  Haven, 
Conn. — two  questions  were  raised  concerning  the  probable 
stability  of  a  concrete  structure  built  on  an  earth  slope 
varying  from  1  on  2\'-2  to  1  on  4:  First,  whether  expan 
sion  and  contraction,  due  to  temperature  changes,  and  the 
heaving  effects  of  frost  in  the  underlying  sand  would  not 
gradually  move  the  concrete  down  the  slope  and,  eventu- 
ally, pile  it  in  a  disordered  heap  at  the  bottom;  and,  sec- 
ond, whether  material  in  the  embankment  could  be  com- 
pacted so  solidly  that  subsequent  settlement  would  not 
crack  the  concrete  injuriously. 

To  answer  the  first  of  these  questions  so  far  as  possible 
a  few  simple  experiments  were  made  regarding  frost  ac- 
tion. A  description  of  these  experiments  is  given  by 
Charles  A.  Ferry,  M.  Am.  Soc.  C.  E.,  in  the  October  Pro- 
ceedings of  the  American  Society  of  Civil  Engineers,  Vol. 
XLII,  No.  8,  pages  1,320-21,  from  which  the  following  notes 
are  taken :  A  sample  of  the  sand  was  taken  from  the  field 
within  a  few  hours  after  a  very  heavy  rain,  and  it  was 
found  that  only  about  23  per  cent  of  the  volume  of  the 
voids  was  filled  with  water,  the  total  volume  of  the  voids 
being  about  37  per  cent  of  the  volume  of  the  sand  when 
compacted.  A  bottle,  about  10  in.  in  length  and  1  in.  in 
diameter,  with  a  sharply  contracted  neck,  was  then  filled 
with  sand  thoroughly  compacted,  and  with  sufficient  water 
added  to  fill  23  per  cent  of  the  voids.  The  mixture  was 
then  frozen,  but  no  indication  of  any  expansion  of  the 
mass  was  noticed.  A  similar  experiment  with  50  per  cent 
of  the  voids  filled  with  water  produced  a  like  result.  The 
experiment  was  then  repeated  with  75  per  cent  of  the  voids 
filled,  and  the  bottom  of  the  bottle  was  cracked  off. 

To  ascertain  the  extent  to  which  water  would  be  retained 
in  the  sand  by  capillary  action,  the  bottle  was  filled  with 
sand  saturated  with  water.  A  piece  of  linen  was  then  tied 
over  the  mouth  of  the  bottle  which  was  then  reversed  and 
the  water  allowed  to  drip.  In  2  minutes  about  16  per  cent 
of  the  water  had  run  out.  The  bottle  was  then  set,  mouth 
down,  in  a  bed  of  sand,  the  broken  off  bottom  being  re- 
placed in  order  to  lessen  evaporation  from  that  end.  After 
24  hours  67  per  cent  of  the  water  had  run  out,  and  80  per 
cent  at  the  end  of  8  days.  It  was  concluded,  therefore, 
that,  as  the  slope  was  to  be  entirely  covered  with  con- 
crete, thereby  excluding  all  water  except  such  as  could 
pass  through  the  expansion  joints,  the  danger  of  any  dis- 
integrating effect  resulting  from  frost  in  the  underlying 
sand  might  be  neglected. 


ROCK  DUMP  CAR. 

Geared  dump  cars  of  the  design  shown  in  the  accom- 
panying illustration  have  been  used  on  several  govern- 
ment works  on  the  Pacific  Coast,  and  have  proved  eco- 
nomical and  efficient.  The  description  that  follows  is 
taken  from  the  November-December  Professional  Memoirs 
of  the  U.  S.  Corps  of  Engineers. 

This  car  is  of  the  hand-operated  geared  type  and  was 
first  built  in  1889.  It  consists  of  two  2-wheel  pony  trucks 
joined  together  by  an  8-in.  I-beam  extending  the  full 
length  of  the  car  and  having  a  link  and  pin  coupler  on 
each  end.  Near  each  end  of  this  beam  is  a  rectangular 
framing  carrying  at  one  end  a  cast-iron  trunnion  bearing 
for  the  swinging  platform  and  also  the  dumping  gear  for 
operating  the  swinging  platform. 
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The  dumping  platform  or  box  is  built  of  heavy  timber 
protected  by  Norway  iron  straps  to  take  the  wear  of  the 
stone.  It  rests  on  the  swinging  platform,  being  held  in 
place  by  two  guides  so  that  it  can  be  easily  removed  for 
loading. 

The  swinging  platform  is  built  of  timbers  and  struc- 
tural .steel.  At  the  operating  end  a  gear  segment  is  se- 
curely bolted  to  it ;  the  center  of  the  segment  coincides  with 
the  trunnion.  The  height  of  the  trunnions  is  such  that 
they  are  above  the  center  of  gravity  of  the  empty  platform 
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Hand    Operated    Rock    Dump   Car. 

and  below  it  when  the  platform  is  loaded,  which  is  quite 
important  in  facilitating  dumping  the  load.  It  requires 
approximately  about  half  a  minute  to  dump  each  car. 

The  dumping  gear  consists  of  a  pinion  which  gears  with 
the  segment  attached  to  the  loading  platform.  This  pinion 
is  keyed  to  a  shaft  near  the  other  end  of  which  is  a  worm 
gear  which,  in  turn,  gears  with  a  worm  on  the  hand-wheel 
shaft.  The  shaft  of  the  pinion  is  carried  in  bearings  on 
top  of  the  pedestal.  The  shaft  of  the  hand-wheel  is  con- 
tained between  vertical  guides  and  is  held  in  position  by  a 
horizontal  releasing  pin  under  the  hand-v.heel.  When  a 
car  is  to  be  dumped,  a  few  turns  are  given  to  the  hand 
wheel  to  bring  the  center  of  gravity  of  the  load  to  the  right 
or  left  of  the  supporting  trunnions  as  the  case  would  re- 
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Rock   Dump  Car   Unloading. 

quii-e,  the  releasing  pin  is  then  withdrawn,  when  the  worm 
drops  out  of  gear,  allowing  the  swinging  platform  to  go  by 
the  run  until  it  strikes  the  rail  of  the  track  and  the  rock 
slides  cff  the  box.  As  soon  as  the  load  is  discharged  from 
the  box,  the  swinging  platform  rights  itself  and  is  easily 
brought  to  a  horizontal  position,  as  the  center  of  gravity 
of  the  empty  swinging  platform  is  below  the  trunnion 
bolts.  The  hand-wheel  shaft  is  then  raised,  the  worm  en- 
gaged in  the  worm  gear,  and  the  releasing  pin  pushed 
back,  keeping  it  in  position. 
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OVERHEAD   CHARGES   IN   VALUATION— EXAM- 
PLES OF  PERCENTAGES  ALLOWED  IN  VARI- 
OUS WELL  KNOWN  APPRAISALS. 

Courts  and  public  service  commissioners,  by  their  re- 
cent decisions,  have  recognized  that  "Overhead  Charges" 
should  properly  be  added  to  the  construction  costs  of  the 
property  in  order  to  determine  its  reproductive  value. 
There  is,  however,  a  difference  of  opinion  between  these 
bodies  as  to  what  should  be  termed  "Overhead  Charges" 
and  what  percentage  should  be  allowed  to  cover  the 
same.  In  a  paper  in  the  October  Aera,  the  official  publi- 
cation of  the  American  Electric  Railway  Association,  Mr. 
P.  J.  Kealy,  President  Kansas  City  Ry.  Co.,  and  member 
of  the  A.  E.  R.  A.  valuation  committee,  gives  the  follow- 
ing e.xamples  of  "overhead  charges"  selected  at  random 
from  various  appraisals  made  during  the  last  10  years: 

Railroad  Commission  of  Wisconsin. — The  Engineering 
Department  of  the  Railroad  Commission  of  Wisconsin  has 
almost  uniformly  allowed  the  following  "Overhead 
Charges"  in  its  valuation  work: 

Per  cent 

Engineering  and  superintendence 4 

Organization    and    legal 2 

Interest    during    construction 4 

Contingencies    2 

Total    12 

Chicago  Elevated  Railways. — In  his  appraisal  of  the 
Chicago  Elevated  Railways,  Prof.  Geo.  F.  Swain  added  30 
per  cent  for  "Overhead  Charges,"  including  engineering, 
legal  expenses,  contingencies,  taxes,  insurance,  adminis- 
tration, promotion,  organization,  interest  during  con- 
struction and  brokerage.  The  Valuation  Committee,  con- 
sisting of  J.  J.  Reynolds,  John  Ericson,  E.  C.  Shankland 
and  Geo.  Weston,  added  18  per  cent  for  "Overhead 
Charges"  to  cover  substantially  the  same  items. 

Metropolitan  Street  Railway  Co.  of  Kansas  City,  Mo. — 
Total  value  approved  by  .Judge  Wm.  C.  Hook,  and  the 
Missouri  Public  Service  Commission.  In  his  appraisal 
of  this  property,  Mr.  Bion  J.  Arnold  added  an  average  of 
11  per  cent  to  cover  the  cost  of  organization,  engineer- 
ing and  incidentals.  In  addition  thereto,  3  per  cent  was 
allowed  as  carrying  charges  and  2  per  cent  for  general 
legal  and  organization  expenses.  Also  5  per  cent  was 
allowed  for  the  cost  of  financing.  The  total  "Overhead 
Allowance"   being  22.3775  per  cent. 

Kansas  City  Electric  Light  Co. — In  the  appraisal  of  this 
property,  an  average  of  9.6  per  cent  was  added  to  cover 
the  cost  of  engineering,  organization  and  incidentals.  In 
addition  thereto,  6  per  cent  was  allowed  as  carrying 
charges,  1  per  cent  for  general  legal  and  organization 
expenses,  and  3  per  cent  for  contingencies  which  in- 
cluded insurance  and  taxes  during  construction.  Also 
7.5  per  cent  was  allowed  as  the  cost  of  financing.  The 
total  "Overhead  Allowance"  being  29.602  per  cent.  In 
making  an  appraisal  of  this  same  property,  the  Public 
Service  Commission  of  the  State  of  Missouri,  in  addi- 
tion to  the  general  contractor's  profit  of  10  per  cent,  made 
an  overhead  allowance  of  6  per  cent  for  interest  during 
construction,  1.5  per  cent  for  taxes,  0.5  per  cent  for  in- 
surance, 1  per  cent  for  legal,  5  per  cent  for  engineering 
and  2  per  cent  for  contingencies,  making  a  general  "Over- 
head Allowance,"  exclusive  of  an  allowance  for  con- 
tractor's profits,  of  16  pev  cent. 

Chicago  Surface  Lines. — Appraisal  made  by  Messrs. 
Bion  J.  Arnold,  M.  E.  Cooley  and  A.  B.  Du  Pont.  Interest 
during  construction,  legal  expense,  contingencies  and 
brokerage,  10  per  cent.  Organization,  engineering  and  in- 
cidentals, 11  per  cent.  Total  "Overhead  Allowance,"  21.7 
per  cent. 

Chicago  Consolidated  Traction  Co. — Appraisal  made  by 
Mr.  Bion  .1.  Arnold  and  Mr.  Geo.  Weston.  Organization, 
engineering  and  incidentals,  14.6  per  cent.  Legal  ex- 
pense, interest  during  construction  and  contingencies, 
5.8  per  cent.  Expenses  incident  to  conducting  the  work, 
furnishing  equipment  and  brokerage,  18  per  cent.  Total 
"Overhead  Allowance,  38.4  per  cent. 

Cleveland  Railway  Co. — Decision  by  Judge  Robert  W. 
Taylor.  Specific  "Overhead  Charges"  to  cover  contin- 
gencies, uncertainties,  purchasing  and  handling,  5.88  per 


cent.  General  "Overhead  Charges"  to  cover  financing, 
engineering,  legal  expense,  organization,  administration, 
insurance,  superintendence,  interest  during  construction, 
delays  not  covered  by  specific  allowances,  cosents,  litiga- 
tion with  property  owners,  incidentals  and  contingencies, 
16.30  per  cent.  Total  "Overhead  Allowance,"  22.18  per 
cent. 

Puget  Sound  Electric  Ry. — Appraisal  by  the  Washing- 
ton Railroad  Commission.  Total  "Overhead  Allowance," 
including  engineering  and  superintendence,  supervision 
and  management,  contingencies,  legal  and  general  ex- 
pense and  interest  during  construction,  19  per  cent. 

Michigan  Railroad  Appraisal. — Appraisal  made  by 
Prof.  M.  E.  Cooley. 

\"alue    of    the    physical    propert,\'    above,    exclusive    of    any 

"overhead    charges"    .$170,291,556 

Overhead   allowance    32,41'4,706 


Total     $202,716,262 

Per  cent  of 
structural 
.Vniount.  cost. 

Engineering    $  5,386,772  3.2 

Contingencies     lS.42S,7,"i'J  10.8 

Legal     673,349  0.4 

Interest    during    construction 5,290.549  3.1 

organization    2.645,277  1.5 


Total    $32,424,706  19.0 

Minnesota  Railroad  Appraisal. — Appraisal  by  Mr.  D.  C. 
Morgan,  Engineer  of  Commission. 

Physical   property,   exclusive   of   "overhi-ad   c'-''arges" !  .$345,260,419 

Overhead    allowance    61,264,765 


Total 


$406,525,184 

Per  cent  of 
structural 
Amount.  cost. 
lOngineering.    superintendence    and    legal    ex- 
pense     $12,133,642  3.5 

Contingencies     17,869,703  5.2 

Interest    during    construction 31.261,420  9.0 


Total     $61,264,765  17.7 

Des  Moines  Water  Co. — Value    fixed    by  Judge  Smith 
McPherson: 


Ph.vsical   property,   exclusive  of   "overhead   charges".. 
0\  erhead    allowance    


.$1,452,092 
.       233,856 


Total    $1,6.S5,948 

Per  cent  of 


Amount. 
KngineeT-ing,      superintendence     and      general 

legal    expense    $116,928 

Interest   during  construction 116,928 


structural 
cost. 


S.O 
8.0 


Total    $233,856  lil.O     . 

New  York,   New   Haven  &  Hartford  R.   R. — Appraisal 
made  by  Prof.  Geo.  F.  Swain. 

In\enti.>r\-    reproduction   cost $259,635,934 

i.iverhead    allowance    40,333,824 


Total     $299,969,758 

Per  cent  of 
inventory 
Amoimt.  cost. 

Kngineering     $  5,574,038  2.2 

Contingencies     5.374,039  2.1 

Interest  and  brokerage 23,554,678  9.0 

Legal    expense    2,475.389  1.0 

General  expense   3.155.680  1.2 


Total     $40,333,824  15.5 

Coney  Island  &  Brooklyn  R.  R. — Decision  by  Public 
Service  Commission  of  New  York.  Total  "Overhead  Al- 
lowance," including  contractor's  profit,  engineering,  or- 
ganization and  incidentals,  24.81  per  cent. 

Coney  Island  &  Brooklyn  R.  R.  Co. — Appraisal  by  Mr. 
Frank  R.  Ford. 


.•Vmount. 

Physical  property    $6,558,447 

Promotion   and   legal   expense 421.200 

Property   owners"    consents 278,500 

Organization   expense    195,640 

liicidentais    276,460 

Kngineering  expense    230,792 

Contractor's   profit    .-.' 527.514 

Interest   and   taxes 561,345 


Per  cent  of 
physical. 

6.'42 
4.25 
2.98 
4.22 
3.52 
8.04 
8.56 


Totals    $9,049,898  37.90 

Detroit  United  Ry. — City  Lines.    Appraisal  by  Mr.  Rob- 
ert B.  Rifenberick. 

Per  cent  of 
structural. 

.Material   and    labor $18,663,536 

Incidentals    1,050,294  5.62 

Contractors'    profits    1.148,777  6.16 

Liability    insurance 114,264  .61 

Builder's   risk    17.243  .09 

.Vrchitect's   fees    62,551  .34 

Cost   of  aciiuiring  land 79.463  .43 

Engineering    720.955  3.S6 

Organization     1.092.122  5.So 

Carrying  charges 2.064.111  11.06 

Financing    1.999,894  10.72 


Total 


$27,013,210 


44.74 
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ROCK  WORK  ON  THE  STORM  KING  HIGHWAY, 
CORNWALL,  N.  Y. 


Conti'lliuted 


II.  I;.   Hicks. 


Construction  work  is  being  pushed  on  the  Storm  King 
Road,  the  final  link  in  the  New  York  State  Highway  be- 
tween New  York  and  Albany.  It  extends  a  distance  of 
4Vi  miles  between  West  Point  and  Cornwall,  N.  Y.  For 
practically  the  entire  distance  the  road  is  a  side  hill  cut 
around  Crow  Nest  and  Storm  King  Mountains.  It  di- 
rectly overlooks  the  Hudson  River  and  reaches  at  its  high- 
est point  an  elevation  of  400  ft.  above  sea  level. 


Fig.   1 — A   Working  on  Crow   Nect   Mountain.  Showing   Dry  Wail   Under 
Construction. 

The  mountfiin  sides  are  very  steep  and  inaccessible  and 
road  building  presents  many  difficulties.  The  excavation 
work  required  totals  60,000  cu.  yd.  of  rock  and  80,000 
cu.  yd.  of  earth  and  boulders.  The  rock  is  a  bastard 
granite  and  the  boulders  vary  in  size  up  to  250  cu.  yd. 
There  are  seven  gangs  at  work  in  four  different  places, 
making  the  cut  and  building  the  retaining  wall.  This  is 
from  10  to  50  ft.  in  height,  from  3  to  8  ft.  being  laid  in 
mortar  and  the  balance  dry  masonry,  completed  by  a 
rustic  stone  parapet.     Stones  for  the  wall  are  placed  by 


the  drill  runner  to  properly  hold  his  machine.  In  fact,  it 
is  quite  common  for  the  drill  to  support  the  man  instead 
of  the  man  holding  the  drill.  In  drilling  the  cliff  at  Storm 
Xing,  where  the  cut  rose  a  sheer  150  ft.  above  the  road 
bed,  the  workmen  drilled  while  suspended  in  a  harness  of 
heavy  canvas  bands.  Unfortunately  for  the  contractor 
this  portion  of  the  work  was  brought  to  a  standstill  at  a 
time  when  the  Jackhamer  operators  had  been  working  in 
mid-air  long  enough  to  have  become  accustomed  to  it  and 
to  have  reached  their  maximum  efficiency.  A  stcne  com- 
pany, whose  unused  crusher  plant,  lying  at  the  foot  of  the 
cliff  was  damaged  by  falling  rock,  obtained  an  injunction 
indefinitely  halting  work  at  this  place. 

Cross  bits  are  used  at  all  workings.  Sharpening  is  done 
both  by  hand  and  by  a  Leyner  sharpener.  The  latter  is 
mounted  en  the  edge  of  the  cliff  with  scant  protection 
from  the  elements.  It  is  used  for  shanking  as  well  as 
sharpening.  Air  for  operating  the  Jackhamers  and  hoists 
at  all  workings  is  piped  from  a  plant  at  the  Cornwall  end 
of  the  contract.  This  air  compressing  plant,  a  1.400  cu.  ft. 
Imperial  short  belt,  electric  motor  driven  machine,  was 
purchased,  as  it  stands  from  the  Oscar  Uanie's  Co.,  who 
had  recently  completed  the  Moodna  Siphon  of  the  Cat- 
skill  Aqueduct.  The  air  line  follows  the  track  of  the 
West  Shore  R.  R.  at  the  foot  of  the  mountains.  There 
is  500  ft.  of  6-in.,  300  ft.  of  4-in.  piping,  the  balance  being 
of  2-in.  diameter.  All  branches  from  this  main  air  line 
to  the  working  places  are  of  2-in.  pipe. 

Considerable  trouble  is  experienced  from  rock  falling  on 
the  railroad  tracks.  The  contractor  maintains  a  locomo- 
tive crane  on  a  siding  at  the  foot  of  each  mountain,  al- 
though the  rock  that  comes  down  is  usually  small  enough 
to  be  removed  by  hand.  At  the  time  the  writer's  visit 
a  flying  fragment,  striking  a  telegraph  pole,  broke  it  in 
half.     At  other  times  rails  have  been  broken. 

The  John  L.  Hayes  Construction  Co.  of  Cornwall,  N.  Y., 
is  building  this  road  under  the  personal  direction  of  Mr. 
John  L.  Hayes.  Mr.  A.  C.  Perkins  is  superintendent,  as- 
sisted by  Mr.  J.  J.  O'Neill. 


COMPARATIVE  COSTS  OF  MINE  HAULAGE  BY 
HORSES  AND  COMPRESSED  AIR. 

Actual  cost  figures  for  mine  haulage  by  horses  and  by 
compressed  air  are  given  by  Ravul  Green,  of  the  Rocky 
Mountain  Branch,  Canadian  Mining  Institute,  in  the  Sep- 


Fig. 


2 — Jackhanrier    Oriliing    at   an    Awkward 
Angle   on   a   200   Cu.   Yd.   Boulder. 


Fig.  3 — A   Portion 
Roadway.  Showi 


of  the  Rough  Graded 
ng  Retaining   Wall. 


Fig.  4 — Leyner  Drill  Sharpener  Installed  on 
Edge  of  Ciiff  at  Storm    King    IViountain. 


four  hoists  and  two  cranes.  The  balance  of  the  handling 
and  hauling  is  done  by  hand  and,  at  one  working,  by 
mules. 

Drilling  for  excavation  and  for  anchoring  the  retaining 
walls  is  done  by  Jackhamers,  of  which  there  are  12  in  use. 
These  hand  drills  are  giving  a  good  account  of  themselves 
although  the  duty  is  a  severe  one.  Much  of  the  work  is 
done  in  places  and  at  angles  which  make  it  impossible  for 


tember  Compressed  Air  Magazine,  from  which  the  matter 
that  follows  is  taken  : 

The  following  comparisons  only  apply  to  mines  working 
under  the  following  conditions:  Seams  pitching  25  degs. 
or  more;  pit  cars  containing  two  or  three  tons;  rails 
weighing  30  to  40  lb.  per  yd.;  grades  fluctuating  but  little 
from  0.46  to  1.00  per  cent  in  favor  of  the  loads;  gangways 
roomy;  tracks  fairly  well  kept;  curves  few  and  slight. 
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Compressed  Air  Haulage. 

An  average  summer  month  of  1915  was  chosen  for  the 
test.  The  output  was  33,826  tons,  and  the  number  of 
haulage  shifts  19.5.  All  e.xpense  chargeable  to  haulage, 
including  work  done  on  idle  days,  holidays  and  Sundays, 
has  been  allocated  to  that  item.  Two  hundred  3-ton  steel 
cars  were  in  use,  equipped  with  18-in.  Hadfield  wheels. 
The  gangway  was  laid  with  40-lb.  rails.  Besides  the  morn- 
ing haulage  shift,  an  afternoon  and  a  midnight  shift  were 
employed.  Only  sufficient  drivers  vi-ere  occupied  on  the 
midnight  shift  to  fill  all  cars  in  preparation  for  the  day 
shift,  besides  handling  such  supplies  and  material  as  are 
always  needed  in  a  coal  mine.  These  e.xtra  hands  being 
chargeable  to  haulage,  tend  to  increase  costs,  especially  if 
there  are  many  idle  days.  All  locomotives  were  of  the  H.  K. 
Porter  standard  compound  type.  The  haulage  comprised 
two  operations :  Firstly,  the  gathering  or  loading  from  the 
mine  chutes,  and  haulage  to  a  main  parting — the  trips  con- 
sisting of  some  10  to  20  cars,  with  6-ton  locomotives;  sec- 
ondly, the  haulage  of  40-car  trips,  from  the  main  parting 
to  the  tipple  approach,  by  the  use  of  9-ton  locomotives. 

The  monthly  expenses  amounted  to : 

Track  cleaners,  drivers,  trackmen,  etc $2,33S 

Power   house   labor 599 

M.iterial  repairs    cars,  boilers,  locomotives 426 

Coal   and   other   supplies 1,238 

Total    S4,59S 

In  order  to  obtain  an  accurate  account  of  depreciation 
costs,  the  following  items  were  taken  from  the  equipment 
ledger: 

Charge   haul    (being  50   per  cent    proportion   of   $26,690   cost   of 

boilers,  pumps,  heaters,  and  headers) $  13,345 

Two     compressors 25.000 

Eight  locomotives   28.300 

Pipe   lines    12,800 

200    cars    ' 30,000 

Boiler  and  power  house  at  50  per  cent  proportion  charge  haul..  5.000 

Total    $114,445 

Depreciation  at  11  per  cent  per  year  would  equal  $1,048 
for  one  month. 

Ton  miles  handled  for  the  month  were  70,260.  The  cost 
per  ton  mile  per  item  was : 

Mine    labor    $0,033 

Power   house   labor O.O07 

Material    repairs    labor 0.006 

Coal  and  other  supplies ' 0.017 

Equipment,   11   per  cent 0.015 

Total    $0,078 

If  a  full  month's  run  had  been  realized,  that  is,  if  the 
shipments  had  reached,  say,  41,000  tons  instead  of  33,000, 
the  theoretical  cost  would  have  been  $0,060  instead  of 
$0,078.  However,  it  is  doubtful  if  this  figure  would  be 
reached  in  practice,  as  it  is  based  on  all  the  costs  de- 
creasing in  the  same  ratio  as  the  tonnage  increases,  which, 
in  this  case,  is  obviously  untrue.  For  example,  the  mine 
labor,  the  material  repairs,  and  the  supplies  increase  prac- 
tically in  the  same  ratio  as  the  tonnage.  Again,  the  power 
house  and  equipment  accounts  are  more  or  less  fixed  in 
their  total,  whatever  the  tonnage.  Probably  $0,070  would 
be  a  very  conservative  figure  to  take  in  such  an  instance. 

Horse  Haulage. 

The  details  of  conditions  under  which  the  test  was  car- 
ried out  were:  Total  tons  shipped  during  the  month,  15,- 
573;  days  haulage  worked,  25.  The  cars  were  steel  framed, 
wooden  boxes,  of  2-ton  capacity,  18-in.  Hadfield  wheels: 
rails,  40  lb.  to  the  yard;  tracks  in  fair  condition — no  sharp 
curves;  grade  quite  uniform,  averaging  0.5  of  1  per  cent 
in  favor  of  the  loads.  An  afternoon  shift  of  drivers  was 
employed  in  order  to  prepare  a  full  string  of  loaded  cars 
for  the  morning  shift.  Good  heavy  horses  were  used.  The 
haulage  consisted  of  two  operations:  First,  hauling  from 
the  mine  chutes  by  single  horses  to  a  main  parting;  sec- 
ond, hauling  from  the  main  parting  to  the  tipple  approach 
by  means  of  a  three-horse  spike  team,  20  to  25  pit  cars 
composing  a  trip. 

The  monthly  expenses  amounted  to: 

Track  cleaners,  drivers,  helpers,  $884. 

Repairs  to  cars,  etc.,  $164.  Supplies  and  attendance  on 
22  horses,  $330.  Depreciation  charges:  For  horses  this 
figures  as  follows,  averaging  over  a  period  of  five  years: 
Total  horses  owned,  83,  value  $16,600.  Less  horses  killed, 
20,  value  $4,000;  loss  on  28  horses  gold,  $3,560;  loss  on 


value  of  balance,  $3,500;  total,  $11,060.  Loss  in  five  years, 
66  per  cent,  or  13  per  cent  per  year. 

Depreciation  on  horses:  22  horses  at  $200  each  equals 
$4,400  at  13  per  cent  yearly,  for  one  month  equals  $48. 
Depreciation  on  equipment:  130  pit  cars  at  $110  each 
equals  $14,300;  stables,  stable  equipment,  tools,  $2,966; 
total,  $17,266.  Depreciation  at  11  per  cent  per  year  equals 
monthly  $167. 

The  total  monthly  expenses  are  therefore  as  follows: 
Labor,  $1,048;  supplies,  $330;  depreciation  horses,  $48; 
depreciation  equipment,  $167;  total,  $1,593. 

Total  ton  miles  hauled,  14,450. 

COMPARISON   PER  TON-MILE. 

^    ,                                   '                                        Compressed  air.         Horses, 

Labor    $0,046  $0,072 

Supplies     0,017  0,022 

Depreciation 0,015  0,015 

Total    co.-tt    $0.07S  $0,109 

The  conclusions  to  be  deduced  from  the  abov^  facts  are 
that:  First,  compressed  air  haulage  is  about  3  ct.  per 
ton  cheaper  than  horse  haulage;  second,  cost  of  supplies 
and  depreciation  are  about  the  same  in  each  case;  third, 
compressed  air  permits  of  from  two  to  three  times  as  much 
coal  (in  certain  cases  probably  more)  being  handled  than 
by  horse  haulage;  fourth,  the  main  reason  for  lower  cost 
by  compressed  air  is  due  to  the  labor  item,  in  this  case 
about  3  ct.  per  ton;  fifth,  the  total  of  ~<  ct.  per  ton  for 
compressed  air  haulage  could  undoubtedly  be  reduced  to 
7  ct.  for  a  month  of  25  working  days. 


NEW   TYPE    STANDARDIZED    LIGHT 
LOCOMOTIVE. 

A  new  type  standardized  steam  locomotive,  of  particu- 
lar interest  to  contractors,  has  recently  been  placed  in  the 
market  by  the  Bell  Locomotive  Works,  Inc.,  New  York  City 
The  machinery  or  engine  parts  are  all  confined  to  one  unit 
so  small  and  compact  that  it  can  be  installed  in  the  nar- 
rowest gage  locomotives.  The  engine  unit  includes  such 
features  as  roller  bearings,  drop  forged  parts  throughout 
and  the  highest  grade  material  and  workmanship.  All 
working  parts  are  enclosed  in  an  oil  tight,  dust  proof  case. 

The  boiler  is  of  the  horizontal  type  with  shell  and  fire 
box  head  of  one  piece  of  pressed  steel  and  smoke  box  head 


Bell    Standardized    Steam    Locomotive. 

welded  in.  The  shell  is  wound  with  several  layers  of  piano 
wire,  thus  giving  it  great  strength  without  excessive 
weight.  The  tubes  are  expanded  into  the  front  head  and 
brazed  into  the  rear  head  from  the  inside  of  the  boiler  by 
a  patented  process. 

The  fire  is  so  distributed  that  it  gives  maximum  heat  to 
the  lower  tubes  and  only  a  comparatively  low  heat  to  the 
tubes  above  the  center  of  the  boiler  or  those  tubes  not 
under  water.  In  other  words,  there  are  tubes  where  stay 
bolts  are  usually  employed  and  this  feature  gives  super- 
heated steam  without  the  addition  of  super-heaters.  There, 
are  no  stays,  seams,  or  rivets. 

The  boiler  plant  is  extremely  compact,  absolutely  safe 
easily  cleaned  and  so  designed  that  all  the  tubes  may  be 
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removed  and  replaced  in  one  unit  when  necessary  in  from 
one  to  two  hours'  time.  A  steam  pressure  of  from  300  to 
350  lbs.  is  carried  and  at  this  pressure  the  factor  of  safety 
is  10  at  least.  The  boiler  may  be  fired  from  cold  in  from 
10  to  30  minutes,  or  fired  instantly  after  a  one  or  two 
hours'  stand. 

The  locomotive  will  run  on  any  fuel  from  gasolene  and 
kerosene  to  crude  oil,  or  coal  or  wood  and  will  give  no 
smoke  or  sparks  when  burning  kerosene  or  fuel  oil.  It  can 
be  started  quickly  and  is  stated  to  have  the  speed  of  the 
direct  connected  locomotive  combined  with  the  power  of 
the  geared  locomotive. 

These  locomotives  are  now  built  in  sizes  from  2  to  14 
tons  and  plans  are  being  made  to  build  them  in  very  much 
larger  sizes. 


SOME    DATA    ON    THE    TOWER    FOUNDATIONS 

FOR     A     TRANSMISSION     LINE     BETWEEN 

NIAGARA  FALLS  AND  TORONTO.* 

The  following  data  apply  to  the  tower  foundations  of 
the  two  60,000-volt  transmission  lines  of  the  Toronto 
Power  Co.,  e.xtending  from  Niagara  Falls  to  Toronto. 

Types  in  Use. — The  types  of  foundation  in  different 
soils  used  for  the  standard  40-ft.  tower  are  shown  in 
Fig.  1.  About  100  sets  of  these  footings  have  been  dug 
up  after  having  been  in  use  for  seven  years.  In  no  case 
has  the  galvanizing  on  the  members  deteriorated,  and, 
with  a  few  exceptions,  the  3x6x24-in.  impregnated  wooden 
blocks  were  in  a  fair  state  of  preservation.  The  type  of 
foundation  shown  in  Fig.  1  (b)  has  no  wood  base,  and 
was  designed  for  use  in  hard  pan ;  that  shown  in  Fig.  1 
(c)  has  a  wood  base,  with  filling  and  galvanized  pipe  as 
noted,  this  type  being  used  in  marsh  land;  while  the  type 
shown,  in  Fig.  1  (d),  has  a  wood  base,  and  was  designed 
for  loose  soil. 

In  another  type  of  tower  the  foundations  contained  no 
impregnated  blocks,  nor  were  any  precautions  taken  to 
prevent  corrosion  of  the  steel,  except  the  hot  galvanizing. 
Six  of  these  towers  were  erected  in  low,  marshy  black- 
muck,  in  which  there  was  no  resistance  to  borings  driven 
to  a  depth  of  40  ft.  In  this  type  2-in.  plank  sheeting  was 
driven  around  the  site  of  each  tower  leg;  the  muck  was 
then  dug  out;  and  a  floating  foundation  built  6  ft.  below 
the  ground  surface.  This  foundation  consisted  of  im- 
pregnated 2-in.  planking,  the  footings  being  set  in  con- 
crete. About  1  cu.  yd.  of  concrete  was  placed  around 
and  under  each  stub,  the  excavation  being  30x30-in.  x  6 
ft.  deep.  These  towers  have  been  erected  for  one  year, 
and  they  have  neither  settled  nor  deviated  from  align- 
ment. 

Great  care  was  taken  in  locating  these  towers  to  avoid, 
wherever  possible,  soft,  marshy  soil,  and  also  to  equalize 
the  grade.  It  has  been  found  that  tower  footings  in 
gravel,  or  in  a  mixture  of  sand  and  loam,  packed  tightly, 
offer  great  resistance  against  an  upward  pull. 

A  number  of  towers  of  the  second  type  were  founded 
on  a  thinly  stratified  rock,  which  could  easily  be  excavated 
to  a  depth  of  3  ft.  The  stubs  were  cut  to  3  ft.  6  in.,  and 
were  set  in  a  1 :4  concrete  mi.xture.  This  construction  has 
proved  satisfactory. 

Foundations  for  Narrow-Base  Towers. — For  a  type  of 
narrow-base  latticed  tower  the  foundations  were  built  in 
two  ways,  as  follows: 

(a)  A  foundation  of  1:3:5  concrete,  6x6x6  ft.,  was  con- 
structed and  provided  with  twelve  I'i-in.  anchor  bolts 
5  ft.  6  in.  long. 

(b)  Foundations,  6x6  ft.  and  with  variable  depths,  were 
constructed,  these  foundations  being  built  in  the  follow- 
ing manner:  The  site  was  first  excavated;  a  copper 
grounding-ribbon  was  then  placed;  and  finally  12  in.  of 
1:3:5  concrete  were  placed  and  tamped.  No  anchor  bolts 
were  used,  but  the  tower  was  erected  on  this  12-in.  base, 
and  the  excavation  then  filled  with  1:3:5  concrete.  This 
method  was  used  on  account  of  the  variation  in  the  dimen- 
sion of  the  tower  bases,  the  minimum  depth  of  which 
was  6  ft. 

•Prom  paper  by  F.  C.  Conneri'  before  convention  of  .\merlcan  In- 
Btltute  of  Electrical  Engineers. 


Eleven  footings  were  constructed  in  the  waters  of  Lake 
Ontario,  at  Burlington  Beach,  Ont.,  the  mean  depth  of 
water  being  3  ft.  A  double  cofferdam  was  first  built  of 
2x8-in.  tongue-and-groove  spruce,  driven  to  a  depth  of 
10  ft.  below  the  lake  bottom  by  a  small  steam  hammer. 
The  water  was  then  pumped  out,  and  the  sand  and  gravel 
excavated  to  a  depth  of  6  ft.  below  the  lake  bottom,  where 
very  coarse  gravel  was  encountered.  The  foundation  was 
then  constructed  according  to  the  plan  shown  in  Fig.  2, 
the  spruce  sheeting  being  left  in  place  to  prevent  scour. 
After  a  foundation  was  completed  a  wall  of  10-in.  stones, 
each  piece  weighing  from  500  to  1,500  lb.,  was  built 
around  the  two  outer  footings  of  each  foundation  to  afford 
extra  protection,  the  location  of  these  towers  being  near 
the  shore  where  storms  from  the  east  are  prevalent. 

In  setting  the  stubs  a  template  was  used  with  success. 
This  template,  which   was   carried   by   the   setting  gang, 


M^i: 


Plan 
fa) 


4'Galv  Cutter  filled  r/ith 
.'CementCrouting 

:^  fl-    «'  * 


'Filling 


yx6'x!4-Wadd 
(O  rd> 

Sections  at  A-B 

b- In  Hard  Pan 
•  c- In  Marsh  Land 

d-ln  Loose  Soil 


Fig.J 


s; — f 


_?6'Il 


S>: 


j:^    4-BolHli"ll-i' 

'■■  >r  i 

ft- w 


Itn 
I}'  High  footer  Level 


II-4- 


Elevation  of  Pier 


Foundation  Plan 


ngz 


E&C 


Details   of   Tower   Foundations. 

was  lined  up  on  the  center  line  stakes,  then  leveled  by  the 
foreman,  by  means  of  a  carpenter's  level,  and  finally 
blocked  up  and  checked.  The  stubs  were  bolted  to  the 
template  and  the  filling  in  of  holes  then  proceeded  with, 
one  man  placing  the  backfilling  while  two  men  tamped 
the  material.  Where  water  was  available  it  was  used  to 
settle  the  backfilling. 

Erection  of  Towers. — The  towers  were  assembled  at  the 
locations  where  they  were  to  be  erected.  From  eight  to 
twelve  towers  were  erected  in  one  day  by  eight  men  and 
one  team.  The  sheer-leg  method  was  found  to  be  the 
most  eflicient,  except  where  cramped  for  room,  when  the 
gin-pole  was  used  to  best  advantage.  This  decision  was 
reached  after  the  use  of  sheer-legs,  derricks  and  gin-poles. 

The  sheer-legs  used  on  this  work  were  constructed  in 
the  following  manner:  Two  pieces  of  6x8-in.  clear  Geor- 
gia pine,  34  ft.  long,  were  bolted  together  14  in.  from  the 
top  with  a  1-in.  bolt  14  in.  long.  This  sheer-leg,  equipped 
with  a  set  of  12-in.  triple  blocks,  hand  lines,  anchor  pins, 
etc.,  made  a  cheap  and  serviceable  erecting  outfit.  It  was 
used  in  the  erection  of  a  line  of  928  towers,  averaging 
21/4  tons  each,  with  only  one  accident,  this  being  due  to 
negligence  on  the  part  of  the  foreman  in  connection  with 
the  erection  of  the  first  tower. 
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Use  of  Guy  Anchors. — Patent  anchors  for  guying  should 
not  be  used  except  for  light  construction.  In  light  soil, 
the  old-fashioned  slug,  or  deadman,  gives  the  best  results. 
All  guys  should  be  tested  periodically  and  tightened  up. 
Where  there  are  more  than  one  guy  on  a  pole,  galvanized 
turnbuckles  should  be  used  to  obtain  the  best  results. 
From  observations  e.xtending  over  10  years  the  writer 
states  that  fully  40  per  cent  of  the  guys  in  use  are  in- 
efficient, this  condition  being  due  to  lack  of  inspection.  The 
anchor  should  be  placed  at  a  distance  from  the  base  equal 
to  one-third  of  the  height. 

In  using  rock  bolts  for  anchoring  care  should  be  taken, 
if  the  rock  is  covered  vfith  a  layer  of  earth,  to  place  the 
anchor  so  that  the  ring  is  just  above  the  rock  surface, 
and  then  to  fasten  a  long  link  to  the  ring,  guying  to  this. 
This  method  gives  much  better  results  than  if  the  ring 
had  been  left  above  the  ground  surface  and  the  guy  at- 
tached to  it,  as  the  anchor  rod  will  bend  in  the  latter  case. 
The  rock  bolts  should  be  grouted  in  with  hot  brimstone. 

The  company  is  designing  tower  footings  which  include 
the  following  features: 

(1)  A  modification  of  an  ordinary  screw-type  guy  an- 
chor, similar  to  "the  "Matthews"  or  "Stombaugh"  anchor, 
with  the  top  of  the  anchor  rod  shaped  to  take  the  tower 
leg;  this  for  towers  of  light  windmill  type. 

(2)  For  heavy  anchor,  long-span,  towers,  etc.,  a  large 
foot  plate  supported  on  a  shallow  concrete  footing  suffi- 
cient to  give  a  good  bearing,  and  an  anchor  similar  to 
those  mentioned  above,  with  the  exception  that  the  end 
of  the  bolt  will  be  threaded  to  take  a  nut  and  locknut. 

(3)  For  extra  heavy,  or  four-circuit  towers,  a  large  sec- 
tion screw  pile  with  top  plate  to  which  the  tower  foot- 
plate can  be  bolted. 

The  question  of  threading  an  ordinary  wooden  pile  is 
also  offered  for  consideration.  There  are  locations  on  al- 
most every  line  where  marshy  land  is  encountered,  and 
it  is  usually  a  very  expensive  operation  to  use  a  pile- 
driving  outfit  in  these  locations.  In  connection  with  this 
method  it  has  been  found  that  it  is  not  necessary  to  drive 
a  pile  to  refusal  to  obtain  a  good  footing  for  a  standard 
tower,  as  there  is  sufficient  skin  friction  developed  by  the 
pile  in  the  upper  layers  of  the  ground  to  give  satisfac- 
tory results.  Twenty-five-foot  piles  have  been  found  sat- 
isfactory in  very  swampy  ground,  where  borings  had  been 
taken  to  a  depth  of  40  ft.  without  striking  firm  soil. 


A  NEW  TYPE  OF  EXCAVATOR. 

A  new  type  of  excavating  machine  has  been  used  during 
the  present  season  in  road  grading  in  Hardin  County, 
Iowa.  The  accompanying  illustration,  reproduced  from 
the  Service  Bulletin  of  the  Iowa  State  Highway  Commis- 
sion, shows  some  of  the  features  of  the  excavator. 


Excavator    Grading    Road    in    Hardin    County,    Iowa. 

A  steam  engine  in  front,  not  shown  in  the  picture,  and 
a  small  automobile  engine  located  where  the  men  are  seen 
on  the  machine  together  furnish  the  power  which  moves 
the  machine  and  performs  the  various  operations.  As  the 
machine  is  pulled  forward  by  the  steam  engine,  five  large 
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plows,  not  distinguishable  in  the  picture,  tear  up  the  soil. 
A  yard  and  a  half  shovel,  shaped  like  an  ordinary  slip 
scraper,  then  picks  up  the  loose  material,  lifts  it  to  the  top 
of  the  machine  and  dumps  it  in  a  movable  hopper.  This 
movable  hopper  is  shown  extended  to  the  side  where  the 
material  is  being  dropped  into  a  dump  wagon.  The  small 
engine  operates  the  movable  hopper. 

The  machine  was  designed,  patented  and  built  by  L.  C. 
Wood,  Alden,  la.,  and  is  being  used  by  him  on  his  contract 
with  Hardin  County.  This  contract  calls  for  about  82,000 
cu.  yd.  of  excavation  at  18  ct.  per  cubic  yard. 


A  DEVICE  FOR  LOADING  AND  UNLOADING 
AUTOMOBILES  FROM  END  DOOR  BOX  CARS. 

A  movable  platform  arrangement  is  used  at  Riverside, 
Cal.,  and  other  points  on  the  Santa  Fe  Ry.  to  facilitate 
the  unloading  of  automobiles  or  other  commodities.  The 
device  has  a  pair  of  movable  rails  which  are  placed  on 
top  of  the  regular  track  so  that  platform  can  be  moved 
out  to  the  car. 


Automobile    Unloading     Platform. 

When  not  in  use  the  device  stands  locked  in  a  recess 
in  the  platform  which  it  serves  and  is  a  part  of  that 
platform.  When  in  use  and  a  car  which  is  to  be  unloaded 
is  spotted,  the  platform  is  unlocked,  its  rails  adjusted, 
and  it  is  pushed  out  to  serve  the  side  or  end  door  of  the 
car  which  has  been  placed  to  be  loaded  or  unloaded.  After 
the  automobile  or  other  commodity  has  been  removed  from 
the  car  onto  the  device  and  the  device  has  been  pushed 
back  into  its  recess,  the  automobile  or  other  commodity 
is  then  rolled  off  onto  the  main  platform.  When  two  or 
more  care  are  to  be  unloaded,  one  car  can  be  spotted  on 
each  side  of  the  device  and  while  one  car  is  being  un- 
loaded the  other  can  be  prepared  for  unloading,  thus 
making  an  additional  saving  in  time.  This  condition  can 
be  extended  in  like  manner  over  as  many  tracks  as  is  cared 
to  operate  over. 

The  arrangement  was  devised  by  Mr.  B.  J.  Simmons,  Di- 
vision Engineer  of  the  Santa  Fe,  and  J.  H.  Bauman,  Agent 
at  Riverside,  and  application  has  been  filed  for  a  patent 
by  these  parties. 


THE  $3,000,000  GARBAGE   DISPOSAL  PLANT  OF 
NEW  YORK  CITY. 

Construction  is  now  underway  on  what  is  stated  to  be 
the  largest  garbage  reduction  plant  in  the  world.  The 
plant  will  have  a  capacity  of  over  2,000  tons  of  garbage 
per  day.  It  is  being  constructed  and  will  be  operated 
on  its  completion  by  the  Metropolitan  By-Products  Co. 
It  will  take  care  of  all  the  garbage  collected  in  the 
Borough  of  Manhattan,  the  Bronx  and  Brooklyn.  The 
Cobwell  process  will  be  used  in  this  plant.  The  follow- 
ing description  of  the  plant  is  taken  from  a  paper  pre- 
sented on  Oct.  11  at  the  convention  of  the  American  So- 
ciety of  Municipal  Improvement  by  Gustave  R.  Tuska, 
Consulting  Engineer,  New  York  City: 

The  garbage  will  be  delivered  at  the  plant  in  barges,  so 
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constructed  that  all  water  drained  from  the  garbage  in 
transit  will  be  collected  in  a  special  closed  tank  located 
at  one  end  of  the  barge.  On  the  arrival  of  the  barge  at 
the  plant  these  tanks  will  be  automatically  emptied  by 
attaching  a  steam  connection  thereto  and  by' means  of  the 
steam  pressure  blowing  the  drained  water  to  tanks  on 
shore;  the  steam  also  acting  so  as  to  disinfect  the  tanks. 
While  in  transit  the  barges  will  be  covered  by  specially 
treated  waterproof  canvas  covers  so  attached  as  to  pre- 
vent the  discharge  of  any  of  the  garbage  from  the  barges. 

A  canvas  apron  will  extend  from  the  barge  to  the  dock 
to  prevent  any  of  the  garbage  failing  into  the  water  dur- 
ing the  unloading  of  the  barge.  This  apron  is  so  designed 
that  it  will  automatically  move  with  the  barge  when  the 
same  is  moved  along  the  bulkhead  to  bring  the  various 
portions  of  the  load  under  the  hoist. 

The  garbage  will  be  unloaded  from  the  barges  by  two 
steam  operated  hoists,  equipped  with  grab  buckets.  These 
grab  buckets  will  deliver  the  garbage  to  closed  conveyors 
of  the  steel  scraper  type  which  will  convey  the  material  to 
the  reducers,  located  in  the  main  building. 

This  main  building  is  200  ft.  by  330  ft.  and  about  30 
ft.  high  and  of  one  story.  This  building  contains  the  re- 
ducers, 250  in  number,  with  the  necessary  conveyors  (all 
of  which  will  be  of  closed  type)  for  the  raw  garbage,  and 
for  the  dried  tankage,  also  the  piping  for  steam  and 
solvent  and  the  transmission  machinery.  The  capacity  of 
each  reducer  unit  is  from  8  to  10  tons  of  raw  garbage 
per  24  hours,  depending  on  the  steam  pressure  employed. 
In  the  New  Bedford  and  Los  Angeles  plants  the  capacity 
obtained  from  one  unit  is  8  tons  per  24  hours,  with  a 
steam  pressure  of  70  lbs.  Here  the  steam  pressure  has 
been  increased  to  150  lbs.,  thereby  raising  the  tempera- 
ture for  de-hydration  from  320  F.  to  360  F.,  thereby  in- 
creasing the  capacity  of  the  reducer.  An  increase  in  the 
capacity  has  also  been  obtained  through  the  change  in 
solvent.  In  other  plants  using  this  process  gasoline  is 
employed  but  in  this  plant  there  will  be  used  a  special 
solvent,  which  is  a  kerosene  distillate  obtained  by  use  of 
a  vacuum  still,  which  distillate  will  be  made  at  the  works. 
A  further  economy  will  be  obtained  by  so  designing  the 
circulating  system  as  to  return  condensed  water  at  360'  F. 
to  the  boilers. 

Heretofore  only  surface  condensers  have  been  employed 
in  the  plants  using  this  process  but  after  a  considerable 
amount  of  experimental  work  with  jet  condensers,  it  has 
been  proven  that  the  latter  are  more  satisfactory  as  well 
as  more  economical.  It  has  therefore  been  decided  to  use 
the  jet  type  of  condenser  in  this  plant. 

The  grease  with  the  distillate  is  piped  from  the  main 
building  to  the  stills  which  are  of  the  vacuum  type  and 
the  distillate  there  taken  from  the  grease,  condensed  and 
delivered  to  the  solvent  storage  tanks  and  the  grease  to 
other  storage  tanks.  The  "grease"  building  where  this 
work  is  done  is  100  ft.  long  by  100  ft.  wide  and  25  ft. 
high.  The  dried  tankage,  is  conveyed  by  belt  conveyors 
from  the  main  building  to  the  grinding  and  screening 
building. 

Pan  mills  and  rotary  screens  are  employed.  From  the 
screening  building  the  tankage  is  conveyed  to  the  stor- 
age building  which  is  100  ft.  long  by  100  ft.  wide  and  40 
ft.  high.  The  material  is  distributed  throughout  this 
building  by  screw  conveyors.  The  tunnels  will  be  built 
through  this  building  containing  belt  conveyors  to  auto- 
matically convey  the  stored  material  to  the  loading  vessel 
through  swivel  spouts. 

The  boiler  house  with  an  engine  room  extension  will  be 
140  ft.  long  by  50  ft.  wide  and  65  ft.  high.  Water  tube 
boilers  with  automatic  underfeed  stokers  will  be  used 
with  a  productive  capacity  of  7,500  boiler  horsepower. 

The  plant  will  also  comprise  a  machinery  building  30 
ft.  by  160  ft.  by  25  ft.,  containing  pumps  of  a  capacity 
of  21,000  gals,  per  minute.  Also  boiler,  blacksmith,  ma- 
chine and  pattern  shops  and  storeroom,  etc. 

The  storage  tanks  will  have  a  capacity  of  400,000  gal. 
of  solvent,  and  14,000  bbl.  of  grease.  There  will  also  be 
constructed  the  necessary  administration  building,  me- 
chanics' dormitory  building,  etc.,  etc. 
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The  estimated  cost  of  this  plant  when  completed  for  a 
capacity  of  2,000  tons  of  garbage  per  24  hours  is  $3,- 
000,000,  the  main  items  of  which  are  as  follows: 
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NEW  TYPE  OF  RAIL  JOINT. 

A  new  rail  joint,  designed  to  reduce  the  batter  on  rail 
heads  and  to  eliminate  the  chafing  of  the  rail  ends  in  the 
rail  joints  is  now  being  tested.  Instead  of  having  a  wedge 
shaped  bar  or  girder  support,  the  new  joint  is  designed 
to  throw  the  weight  or  wheel  load  directly  from  the  head 
of  the  rail  to  the  juncture  of  the  web  and  the  flange, 
which  allows  the  angle  bar  to  grip  the  rail  in  a  vice-like 
fashion.  The  center  part  of  the  bar  has  a  flare,  which  ex- 
tends over  the  top  and  the  outer  edge  of  the  flange  where 
it  locks  the  angle  bar  against  rotation  except  as  wear 
takes  place  on  the  bar  at  the  bottom  of  the  flange  and  on 
the  top  of  the  bar  at  the  under  side  of  the  head  of  the  rail. 
By  tightening  the  bolts  the  lost  motion  is  taken  up  with- 
out stretching  or  straining  the  material  in  the  bars,  there- 
by relieving  all  lost  motion  and  keeping  the  rails  perfectly 
true  and  level  perpendicularly  and  laterally.  The  bearing 
at  the  juncture  of  the  rail  web  and  flange,  which  e.xtends 
the  full  length  of  the  bar  keeps  the  rail  ends  from  moving 
laterally  and  by  the  adjustable  device  the  rail  ends  are 
kept  from  moving  vertically.    This  device  at  the  center  of 


New    Type    of    Rail    Joint. 

the  bar  is  assisted  in  its  functions  in  having  the  bar  cut 
away  or  weakened  from  the  center  part  to  the  ends  of  the 
bar.  which  allows  elasticity  of  the  joint,  and,  as  the  wheels 
pass  over  the  joint  instead  of  bending  the  rail  ends  over 
each  joint  tie  individually  the  wave  motion  is  allowed  to 
go  through  the  joint  naturally,  there  only  being  a  stiff 
part  of  about  6  in.  over  the  center  of  the  joint  or  rail 
juncture.  This  allows  no  hammer  blow,  which  makes  the 
joint  smooth  and  noiseless. 

One  of  the  joints  has  been  in  service  for  about  6  months 
on  100-lb.  rails  at  the  end  of  a  subway,  where  there  is  a 
great  deal  of  wave  motion  in  the  track,  and  where  the 
traffic  is  about  100  trains  of  heaviest  equipment  per  day. 
During  this  time  the  bolts  have  not  been  tightened  neither 
has  the  joint  been  tamped  up,  nor  does  it  show  any  sign  of 
the  rail  ends  chafing  or  sign  of  wear,  and  the  bolts  are  ab- 
solutely tight.  The  joint  was  invented  by  Mr.  A.  L.  Clapp, 
Chicago,  Roadmaster  for  the  Chicago  &  Northwestern  Rv. 


As  the  result  of  careful  water  waste  inspection  and 
correction,  the  average  daily  water  consumption  per  cap- 
ita in  the  Borough  of  Brooklyn,  New  York  City,  has  been 
reduced  from  97  gals,  in  1910  to  76  gals,  in  1915. 
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PORTABLE  STEEL  BUILDINGS  FOR  CONSTRUC- 
TION CAMPS. 

On  several  large  construction  jobs  portable  buildings 
composed  of  steel  units  are  being  used  for  offices,  bunk 
houses,  shops  and  other  camp  purposes.  These  portable 
steel  buildings  are  composed  of  four  units — side  wall 
panels,  muUion  supports  between  the.  panels,  pressed 
steel  trusses  and  steel  roofing  plates — and  are  put  to- 
gether without  the  use  of  bolts  or  rivets. 

The  panels  are  fabricated  under  powerful  presses 
which  flange  both  sides,  top  and  bottom — at  the  same 
time  paneling  the  steel  for  added  rigidity.  The  flanges 
are  punched  so  that  holes  come  at  set  intervals  and  co- 
incide with  holes  in  the  strengthening  mullion;  side  wall 
panels  are  placed  side  by  side  with  mullions  between 
and  locked  with  a  wedge  and  bolt  in  a  connection  that  is 


Bulletin    of   the   Iowa   Highway 
details  of  the  contracts: 


Commission   gives   some 


Upper   View:    Truss    Ready   to    Drop    Into    Place.      Lower   View:    Com- 
pleting  Portable   Steel   Building. 

as  tight  as  could  be  gained  with  rivets  or  bolts.  On  cen- 
ters of  8-ft.  trusses  are  locked  in  the  same  manner  to 
the  side  walls  and  flanged  steel  roofing  plates  locked  to 
the  trusses. 

United  Steel  ventilated  sash  panels  may  be  used  in 
place  of  any  solid  panel,  or  doors  placed  at  any  point  in 
the  building.  Structures  up  to  40  ft.  in  width  and  any 
length  desired  may  be  built  up  of  these  four  units. 

These  portable  steel  structures  also  are  being  used  for 
factories,  store  houses,  fabricating  mills,  in  fact  they  are 
being  built  up  under  every  condition  where  a  1-story 
building  can  be  used — in  structures  ranging  from  200 
to  12,000  sq.  ft.  of  floor  space.  They  are  manufactured 
by  the  Trussed  Concrete  Steel  Co.,  Youngstown,  0. 


ROAD  GRADING  COSTS  IN   CRAWFORD 
COUNTY,  IOWA. 

Contracts  for  road  grading  in  Crawford  County,  Iowa, 
during  the  present  year,  were  let  at  an  average  price  of 
20  ct.  per  cubic  yard.  About  251,700  cu.  yd.  of  grading 
distributed  over  20.33  miles  of  road  were  contracted  for 
this  season.  This  is  an  average  of  12,381  cu.  yd.  per  mile. 
The  lowest  price  paid  was  17  ct.  and  the  highest  was  23 
ct.     The  following  tabulation  from  the  October  Service 
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Carey  &   Sons,   Clinton 
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Carey  & 
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Shipman, 
Sliipman, 
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Soo  City,  la. 
Soo  City,  la. 
Soo  City,  la- 


Date. 

Apr.    12 

Apr.    12 

Apr.  12 
'Apr.    12 

Apr.  12 
'Apr.    12 

Apr.    12 

!May    22 

'Sept.  23 
Apr.  12 
.Apr.  12 
.Apr.    12 


McMahon.    Corsten    &    Ehlers, 

Manning,   la May  22 

T.   H.    Fineran,   Denison,   la. ..May  22 

T.   H.    Fineran,   Denison.   la. . .  May  22 
Lana       Const.       Co.,       Council 

Bluffs,   la July  3 


Totals    

Total  No.  of  miles 

Av,  No.  of  yd.  per  mile. 
Av.  cost  per  cubic  yard. 


Cu.  yd. 

11,7)8 

6,008 

10,064 

13,759 

31,219 

12,767 

3,521 

10,037 

19,004 
36.226 
11,328 
13,412 
44,662 


Length,  ft. 
7,S34 
4,200 
5,900 
8,966 
11,835 
6.454 
3,100 
3,999 

3,550 
15,790 

2.159 

5,244 
15,828 


1,500 
7.631 

18,821 

251,709 


1,533 

"5',45S 

5,491 

107,346 
20.33 
12,381.2 
20  ct. 


Unit 
cost,  ct. 

22 

23 

22% 

21% 

20% 

21 

23 

17.9 

23 

18.4 

19.5 

22 

17 

22 

20 

20 


PERSONALS. 

Sanfo-d  E,  Thompson,  consulting  engineer,  has  established  offices 
and  a  concrete  testing  laboratory  at  1:30  Federal  street.  Boston,  Mass. 

Edwin  G.  Foster,  heretofore  assistant  engineer  Buffalo.  Rochester 
&  Pittsburgh  Ry.,  has  been  appointed  valuation  engmeer,  with  head- 
quarters at  Rochester,  N.  Y. 

J.  S.  JIcBride,  heretoforp  valuation  engineer  of  the  Chicago  & 
Eastern  Illinois  R.  R.,  has  been  appointed  principal  assistant  engi- 
neer with  headquarters  at  Chicago. 

George  W.  Corrigan,  heretofore  roadmaster  of  the  Southern  Pa- 
cific Ry.  at  Hornbrook,  Cal.,  has  been  appointed  division  engineer 
v,-ith  headquarters  at  Stocliton,  Cal. 

M.  F.  Clements  heretofore  assistant  engineer  of  the  Northern 
Pacific  Ry.  at  Spokane,  Wash.,  has  been  appointed  bridge  engineer  to 
succeed  H.  E.   Stevens,   who  has  been  made  chief  engineer. 

William  H.  Vance,  heretofore  engineer  of  maintenance  of  way  of 
the  Louisiana  &  Ailiansas  Ry..  with  headquarters  at  Stamps,  Ark., 
has  been  appointed  chief  engineer  and  his  former  office  has  been 
abolished. 

Edgar  F.  Robinson,  since  1907  chief  engineer  of  the  Buffalo.  Roch- 
ester &  Pittsburgh  Ry.,  has  been  promoted  to  the  position  of  general 
manager. 

Albert  Coope  has  been  appointed  a  member  of  the  staff  of  the 
city  engineer's  office  of  Youngstown,  O.,  to  succeed  Arthur  Nichols, 
who  resigned  recently  to  enter  the  School  of  Municipal  Research  in 
New  York  City. 

Carl  J.  Rhodin.  since  1911  a  member  of  the  engineering  staff  of  the 
.1.  G.  White  Engineering  Corp.  at  its  San  Francisco  office,  lias  re- 
signed to  open  a  consulting  office  in  the  Alaska  Commercial  building, 
San    Francisco. 

The  firm  of  Giles  &  Claxk,  30  Church  street.  New  York  City,  engi- 
neers and  contractors  for  diamond  drilling  and  wash-borings,  etc..  has 
been  dissolved  tiy  the  retirement  of  Edward  A.  Clark,  and  the  busi- 
ness, plant  and  equipment  taken  over  by  the  Giles  Drilling  Co.,  Inc., 
of  whicli  Robert  Giles  is  president. 

Col.  Malcolm  R.  Crump,  F.  R-  S.  A.,  consulting  engineer  and  geolo- 
gist. Bowling  Green.  Ky..  for  the  last  four  seasons  county  road  engi- 
neer of  Warren  County,  Kentucky,  has  resigned,  effective  Jan.  1, 
W17.  His  entire  time  will  be  devoted  to  natural  nsphaltic  material 
for  surfacing  highways,  together  with  oil  and  gas  developments  and 
reports  on  same. 

OBITUARY. 

Andrew  Germer,  a  well  known  railroad  builder  of  Michigan,  died 
recently  at  his  nome  in  Flint.  Mich.  Mr.  Germer  was  roadmaster  for 
the  Pere  Marquette  R.  R.  for  35  years  and  for  several  years  held  a 
similar  position  with  the  Detroit  United  Rys.  Mr.  Germer  built  the 
railroad  at  Flint  and  the  steel  and  concrete  trestle  of  the  Pere  Mar- 
quette, also  built  the  Pere  Marquette  tracks  from  Reed  City  to  Lud- 
ington,  from  Holly  to  Milford,  and  the  Pere  Marquette  grades,  bridges 
and  sidings  included  in  those  stretches.  In  the  employ  of  the  Detroit 
United  Railways  he  built  the  Detroit,  Orion  &  Oxford  electric  line  to 
Flint  and  constructed  the  terminal  at  Oakwood  near  Detroit. 


INDUSTRIAL  NOTES. 

The  firm  cf  Barber-Greene  Co.,  of  Aurora,  111.,  manufacturers  of 
oar  unloader.s,  wngon  loaders,  etc.,  has  been  formed  by  H.  H.  Barber, 
formerly  sales  engineer,  and  W.  R.  Greene,  formerly  advertising  maJi- 
ager  of  the  Stephenson-Adamson  Manufacturing  Co..  Aurora,  111. 

The  Republic  Structural  Iron  Works  Co.,  Cleveland,  O.,  to  take 
care  of  increasing  business,  has  taken  over  the  entire  plant  of  the 
Avery  Stamping  Co.  at  Fift'-third  and  Lakeside,  covering  lOO.OOO 
square  feet  On  this  site,  following  extensions,  alterations  and  re- 
building, will  be  installed  a  complete  plant  for  fabricating  and  ship- 
ping bars  for  concrete.  Facilities  will  be  available  for  handUng  4,000 
tons  of  steel  and  more.  •  „,       ,      ,    ^     ,        ,,  ta.a 

The  Cleveland  Brick  &  Clay  Co.  of  Cleveland,  O..  has  been  added 
to  the  I'st  of  licensees  of  The  Dunn  Wire-Cut  Lug  Brick  Co.  of  Con- 
neaut  O  ,  and  henceforth  will  make  wire-cut  lug  paving  brick.  The 
company  is  one  of  the  most  prominent  paving  brick  manufacturing 
concerns  in  northern  Ohio  and  it  has  a  daily  productive  capacity  of 
.lO.OOO  blocks.  J.  L.  Higley  is  president  of  the  company  and  A.  u 
Hendershot  is  secretary.  „,     ^       .       ,,        .  „   „„„ 

The  \  Leschen  &  Sons  Rope  Co.,  St.  Louis,  Mo.,  is  now  con- 
structing a  $100,000  administration  building  adjoining  its  large  wire 
rope  plant.  The  factory  buildings  of  this  company  since  190o  have 
occupied  a  33-acre  site  in  the  northwest  section  of  St.  Louis  while 
the  offices  have  been  in  the  down-town  district.  This  administration 
building  is  to  he  115  feet  long  by  75  feet  wide,  with  three  stories 
above  a  \v  ell-lighted  basement.  The  general  offices  will  occupy  the 
first  two  floors,  while  the  third  floor  will  contain  dining  rooms  kitchen 
and  rest  rooms.  In  the  basement  will  be  recreation  rooms  and  shower 
baths. 
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INQUIRIES   ABOUT  THE   PROPOSED  NATIONAL 
SOCIETY  OF  STRUCTURAL  ENGINEERS. 

The  editor  has  received  a  considerable  number  of  in- 
quiries about  the  proposed  society  of  structural  engineers. 
A  pamphlet  will  be  published' soon,  giving  a  general  out- 
line of  a  suggested  national  organization  of  engineers. 
Those  who  wquld  like  to  receive  the  pamphlet  are  re- 
quested to  write  to  the  editor  for  a  copy. 

Suggestions  as  to  membership  qualifications,  dues,  func- 
tions of  the  society,  etc.,  will  be  gladly  received. 


THE  GUARANTEED  COST  PLUS  A  PERCENTAGE 
CONTRACT. 

A  form  of  contract  that  enables  a  contractor  to  solicit 
business  successfully,  yet  protects  him  from  the  risk  of 
severe  loss,  is  what  may  be  called  the  "guaranteed  cost 
plus  a  percentage  contract."  Under  this  form  of  contract 
both  parties  agree  as  to  what  will  probably  be  the  actual 
cost  of  the  work,  if  handled  efficiently,  and  it  is  further 
agreed  that  if  the  w-ork  is  completed  within  the  estimated 
cost  the  contractor  is  to  receive,  say  10  per  cent  thereon 
as  compensation  for  his  services.  If  the  cost  exceeds  the 
estimate,  that  the  excess  is  to  be  deducted  from  the  con- 
tractor's profit.  But  if,  in  this  manner,  the  entire  profit  is 
wiped  out,  the  contract  may  or  may  not  provide  that  the 
contractor  shall  stand  the  entire  loss. 

If  there  are  few  elements  of  serious  risk  in  the  work, 
then  it  is  preferable  as  a  rule,  for  the  contractor  to 
assume  the  entire  risk,  in  which  case  the  contract  resolves 
itself  into  the  well  known  lump  sum  contract.  But  where 
the  usual  risks  are  involved,  and  particularly  where  the 
labor  item  constitutes  more  than  about  40  per  cent  of  the 
total  cost,  the  preferable  form  of  percentage  contract 
provides  that,  when  the  cost  exceeds  the  estimate  by 
more  than  10  per  cent,  the  contractor  shall  not  be  held 
liable  for  the  excess  cost.  With  a  contract  of  this  form 
to  offer,  a  contractor  is  often  able  to  secure  work  not 
otherwise  obtainable.  The  possible  loss  of  his  10  per 
cent  profit  is  itself  a  sufficient  incentive  to  make  him  do 
his  best  to  keep  down  the  total  cost.  Yet  by  limiting  his 
possible  loss  to  the  10  per  cent  he  is  freed  from  the  as- 
sumption of  the  entire  risk  incident  to  the  work. 

In  times  like  the  present,  when  labor  is  scarce  and 
prices  lack  stability,  we  believe  that  this  type  of  contract 
will  frequently  be  the  best  for  both  parties.  It  will  enable 
the  owner  to  secure  the  services  of  a  responsible  con- 
tractor who  is  willing  to  gamble  to  a  limited  extent,  but 
who,  as  a  responsible  business  man,  is  not  willing  to 
assume  all  risks  unless  the  contract  price  is  very  high. 


possibilities  of  the  application  of  engineering  to  every 
industry  whatsoever.  Once  it  is  clearly  recognized  that 
engineering  is  the  application  of  science — of  sy.stematized 
knowledge — there  should  be  no  engineer  whose  vision  is 
so  narrow  as  to  maintain  that  there  are  now  too  many 
engineers. 

Without  doubt,  due  to  their  habits  and  their  circum- 
scribed conception  of  what  engineering  can  accomplish, 
many  engineers  regard  the  profession  as  being  over- 
crowded, when,  in  reality,  it  is  only  a  little  special  field  of 
engineering  that  is  crowded.  There  may  be  more  struc- 
tural engineers  seeking  to  design  bridges,  let  us  say,  than 
there  are  bridges  to  design.  But  what  of  the  wilderness 
of  buildings  almost  barren  of  structural  engineering? 

Let  engineers  be  taught  to  get  out  of  the  narrow  paths 
that  their  college  textbooks  have  led  them  along,  and  they 
will  speedily  find  abundant,  yes,  overwhelming  oppor- 
tunity to  apply  science  industrially.  What  engineers  have 
lacked  is  not  sufficient  opportunity  but  sufficient  imagina- 
tion. 

To  an  engineer  who  has  vision  and  who  scans  the  world 
from  the  eminence  that  his  education  enables  him  to  at- 
tain, opportunity  beckons  with  a  thousand  hands.  Let  us 
have  many  fold  more  engineering  students,  and  let  us 
coincidentally  broaden  their  vision  till  they  see  in  every 
walk  of  industrial  and  political  life  a  chance  to  apply 
their  engineering  methods. 


IS  AN  INCREASE  IN  THE  NUMBER  OF  ENGI- 
NEERING STUDENTS  DESIRABLE? 

The  writer  recently  engaged  in  a  friendly  debate  with 
another  engineer  on  the  question  above  given.  His  friend 
held  that  already  the  field  is  over-run  with  engineers  and 
that  self  interest  dictates  a  policy  of  reducing  the  num- 
ber of  engineering  students.  The  writer  held  that  the 
true  field  of  engineering  is  immeasurably  broader,  than 
his  friend  conceived  it  to  be;  that,  indeed,  every  applica- 
tion of  science  to  a  problem  of  economic  production  is 
engineering. 

It  seems  to  the  writer  that  many  of  the  teachers  of 
engineering    have    failed    themselves    to    appreciate    the 


THE  DEBT  OF  ENGINEERS  AND  CONTRACTORS 
TO  ADVERTISERS. 

The  trade  and  professional  periodicals  of  Great  Britain 
— and  indeed  of  all  Europe — are  inferior  to  those  of 
America.  There  is,  in  fact,  not  a  single  civil  engineering 
paper  in  Great  Britain  that  adequately  covers  the  field. 
"Engineering"  and  "The  Engineer,"  although  called  civil 
engineering  weeklies,  are  primarily  devoted  to  mechanical 
and  marine  engineering.  To  American  civil  engineers  who 
have  not  given  thought  to  the  causes  of  the  inferiority  of 
British  civil  engineering  periodicals,  it  may  be  illuminat- 
ing to  know  that  the  practice  of  advertising  extensively  in 
such  mediums  is  almost  unheard  of  among  our  English 
cousins.  Under  similar  conditions  our  American  engineer- 
ing periodicals  would  undoubtedly  be  quite  as  poor  as 
those  of  Europe. 

The  combined  financial  support  of  advertisers  and  sub- 
scribers has  enabled  the  American  publishers  of  trade 
and  professional  periodicals  to  scour  the  country  for  use- 
ful information  and  instructive  illustrations.  As  an  inci- 
dental but  important  byproduct  of  this  effort,  our  Amer- 
ican engineering  books  far  surpass  in  number  and  quality 
those  that  are  published  in  England;  for  our  authors  find 
most  of  their  data  in  the  files  of  our  engineering  papers. 

Advertising,  although  occasionally  spoken  of  slightingly 
by  some  engineers,  is  the  predominant  cause  both  of  the 
excellence  of  our  technical  books  and  periodicals.  Having 
this  important  fact  in  mind,  readers  of  engineering  papers 
are  coming,  more  and  more,  to  the  practice  of  mentioning 
the  paper  they  read  when  they  write  to"  an  advertiser  for 
catalogs  or  information.  The  direct  evidence  that  manu- 
facturers thus  receive  as  to  the  effectiveness  of  advertis- 
ing encourages  their  continuance  of  advertising. 

Advertising  itself  is  growing  more  educational,  more 
informative,  and  this  is  very  helpful  to  all  readers.  Facts 
that  would  seldom  be  called  to  the  attention  of  subscribers 
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in  any  other  way  are  presented  in  the  advertising  pages, 
leading  to  investigation  that  terminates  in  the  purchase 
of  things  that  yield  higher  industrial  efficiency. 

While  every  advertiser  seeks  to  benefit  himself  through 
publicity,  it  should  never  be  forgotten  that  the  benefit  is 
not  one  sided  but  mutual  if  the  advertised  product  is  what 
it  is  claimed  to  be. 

The  two  great  industrial  mummies  among  the  nations  of 
the  earth  are  India  and  China.  Isn't  it  somewhat  sig- 
nificant that  neither  of  these  mumified  aggregations  of 
humanity  has  a  native  word  in  its  languages  that  means 
advertising? 


THE     FIELD    FOR     ENGINEERS    AS    BUILDING 
CONTRACTORS. 

Civil  engineers  have  entered  the  public  works  contract- 
ing field  in  large  numbers  during  the  last  decade.  There  is 
room  for  a  much  larger  number  of  engineers  in  the  build- 
ing contracting  field,  for  there  are  appro.ximately  four 
building  contractors  to  one  public  works  contractor. 

The  last  census  gives  a  total  of  nearly  175,000  con- 
tractors engaged  on  architectural  and  engineering  works. 
Many  of  these  are  small  building  contractors,  of  whom  a 
large  number  are  engaged  in  house  building  on  so  small  a 
scale  that  they  expect  to  make  an  entire  year's  income 
from  two  to  three  houses.  With  the  present  rapid  means 
of  motor  car  locomotion  and  by  the  use  of  proper  cost 
accounting  and  daily  progress  reports,  one  skilled  con- 
tractor can  supervise  a  dozen  or  more  buildings  scattered 
over  several  neighboring  villages  and  cities,  and  he  can 
do  it  quite  as  effectively  as  the  small  "two-building  con- 
tractor" manages  his  picayune  work. 

The  engineer  who  enters  this  sort  of  building  contract- 
ing will  usually  find  it  profitable  to  associate  himself 
with  a  building  contractor  who  has  risen  from  the  ranks. 
But  when  this  is  done  the  engineer  should  not  allow  him- 
self to  be  dissuaded  from  applying  new  methods  of  con- 
struction and  of  management — things  that  "the  self-made 
man"  is  prone  to  regard  as  impracticable. 

Engineers  who  are  dissatisfied  with  their  professional 
outlook  and  who  have  a  taste  for  business  will  find  that 
building  contracting  not  only  gives  ample  exercise  to 
every  business  faculty  but  offers  no  mean  field  for  the 
application  of  engineering  science. 


IS  THE  COMMONEST  CAUSE  OF  FAILURE  LACK 
OF  AMBITION? 

Four  men  who  had  attained  celebrity  in  widely  different 
walks  of  life — a  life  insurance  president,  an  actor,  a  re- 
former and  a  band  leader — were  asked  to  name  the  com- 
monest cause  of  failure.  Each  is  said  to  have  replied: 
"Lack  of  ambition."  If  this  is  a  correct  diagnosis,  the 
most  desirable  quality  in  a  teacher  is  the  ability  to  inspire 
ambition.  Probably  it  is  nearer  the  truth  to  say  that 
"failures"  in  life  are  due  to  such  a  complexity  of  causes 
that  no  one  is  justified  in  attempting  to  name  a  preponder- 
ent  cause. 

Many  a  young  engineer  enters  upon  his  career  with 
great  ambition,  but,  little  by  little,  finds  himself  weaken- 
ing both  in  his  hope  and  his  determination  to  succeed  in  a 
large  way.  Ambition,  be  it  remembered,  grows  by  what  i^ 
feeds  upon.  Small  successes  beget  confidence  and  a  desire 
to  achieve  larger  successes.  May  it  not  be  that  an  "o'er 
vaulting  ambition"  defeats  more  young  men?  Too  great 
self-confidence  and  excessive  eagerness  to  "arrive"  are 
apt  to  be  fatal  to  an  immature  and  sensitive  man,  who 
sees  in  his  early  failure  to  advance  rapidly  a  seeming  evi- 
dence of  his  own  incapacity. 

Ambition  must  be  tempered  by  patience  and  a  will  that 
does  not  flag.  Ambition  must  be  fired  by  strong  emotion, 
yet  steered  by  judgment.  There  is,  in  fact,  a'  complex  of 
faculties  involved  in  the  production  of  the  successful 
man,  and  the  aim  of  a  broad  educational  plan  should  be 
a  balanced  training  of  the  faculties — a  training  so  com- 
plete that  when  the  student  has  finished  his  formal  edu- 
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cation,  his  habits  are  so  thoroughly  formed  that  they  will 
almost  automatically  force  him  to  succeed. 

Too  little  attention,  we  believe,  has  been  given  by  most 
educators  to  the  sort  of  training  that  implants  all  the 
habits  essential  to  effective  mental  activity.  Among  the 
habits  essential  to  great  success  are:  (1)  The  habit  of 
prolonged  concentration  of  attention  upon  a  single  sub- 
ject. (2)  The  habit  of  reading  about  successful  men,  with 
a  view  to  increasing  ambition.  (3)  The  habit  of  searching 
for  and  securing  all  the  available  data  applicable  to  a 
given  problem.  (4)  The  habit  of  solving  all  economic 
problems  by  the  aid  of  quantitative  data,  as  opposed  to 
the  habit  of  sophistically  attempting  to  solve  such  prob- 
lems by  the  mere  use  of  phrases  and  terms  not  reducible 
to  quantities.  (5)  The  habit  of  seeking  to  combine  old 
elements  into  new  complexes — inventing.  (6)  The  habit 
of  interrogating  nature  for  new  data — research. 

No,  we  can  not  safely  aflSrm  that  lack  of  ambition  is 
the  commonest  cause  of  failure.  Success,  as  the  engineer 
would  put  it,  is  a  resultant  of  many  forces,  only  one  of 
which  is  ambition.  Some  of  the  others  are  concentration, 
persistence  thoroughness,  inventiveness,  inquisitiveness, 
and  quantitativeness — if  we  may  coin  a  word  to  denote 
the  faculty  of  reasoning  quantitatively.  Engineers,  as  a 
rule,  are  fairly  well  trained  in  quantitativeness,  which  ac- 
counts largely  for  their  success  in  lines  of  work  involving 
the  analysis  of  costs.  But  many  engineers  have  not  been 
so  trained  as  to  develop  in  high  degree  both  thoroughness 
and  persistence. 

If  half  the  mental  man  is  made  by  his  ancestors  and 
half  by  his  environment,  as  some  psychologists  have  it, 
the  educational  training  forms  so  large  a  part  of  his 
environment  that  it  merits  even  more  careful  considera- 
tion than  it  has  hitherto  received. 


THE  DESIGN  OF  STEEL  STACKS. 

To  the  Editor: — Referring  to  an  article  by  Mr.  W.  A. 
Hitchcock,  Instructor  in  Engineering  Mathematics  in  the 
University  of  Colorado,  published  in  your  issue  of  Oct. 
25th,  the  results  as  given  seem  very  misleading. 

The  loads  and  working  stresses  are  those  usually  used 
in  structural  design,  except  the  unit  compression  stress, 
16,000  lb.  per  square  inch.  However,  since  the  unit 
tension  stress  is  limited  to  16,000  lb.  per  square  inch,  and  i  j 
this  is  on  the  net  section  at  a  circumferential  splice,  the  !4 
maximum  compression  is  not  more  than  about  11,000  lb. 
per  square  inch  (this  being  based  on  an  efliciency  of  69 
per  cent),  which  is  quite  reasonable. 

The  equations  given  under  the  heading  "Minimum 
Thickness  of  Plates"  are  evolved  from  those  usually  used 
in  the  design  of  stacks,  the  equations  being  simplified  by 
the  elimination  of  all  unknowns  but  two,  by  neglecting 
some  and  expressing  others  accurately  or  approximately 
in  terms  of  the  remaining  two.  The  errors  introduced  by 
these  approximations  are  relatively  small  and  the  result 
as  given  in  the  curves  is  in  a  very  convenient  form  for 
use.  However,  since  the  diameter  of  the  stack  is  not 
always  constant  the  value  of  S  which  the  author  gives  as 

PH= 
S'  =  0.053  (4) 


is  more  conveniently  expressed 


S'  =  106 


D 


M 


D= 


(4a) 


In  which  S' =  Minimum  stress  in  pounds  per  lineal  inch 
along  circumference. 

M  =  Overturning  moment  in  ft.  lbs. 

D  =  Diameter  of  stack  in  feet  at  the  section  being  con- 
sidered. 

The  value  of  S'  as  given  in  equation  (4a)  clearly  demon- 
strates that  the  stress  per  lineal  inch  along  the  circum- 
ference of  the  stack  varies  inversely  as  the  square  of  the 
diameter  and  not  inversely  as  the  diameter,  as  would 
appear  from  a  casual  glance  at  equation  (4),  that  the 
form  given  by  the  author  in  equation  (4)  invites  this 
wrong  conclusion  is  made  evident  by  the  fact  that  he  him- 
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self  has  twice  fallen  into  error,  viz.,  in  equations  (41) 
and  (44 1  when  deriving  formulae  for  the  size  of  anchor 
bolts  and  the  riveting  in  the  anchor  angle. 

Under  the  heading  of  "Minimum  Size  of  Foundation" 
the  author  discusses  the  subject  and  evolves  his  equa- 
tions by  w'hat  he  apparently  considers  two  methods.  The 
first  of  these  methods  is  theoretically  sound  and  except 
for  the  approximations  which  he  mentions,  the  results  are 
correct.  In  his  second  solution  he  falls  into  serious 
error.  The  first  solution  rightly  assumes  that  for  the 
minimum   size   of   foundation   the   resultant   pressure   on 

D 
the  foundation  is  at  the  leeward  edge  of  the  kern  or  — 

8 
from  the  center.  Since  the  structure  is  in  eciuilibrium 
the  center  of  gravity  of  the  supporting  upward  pressure 
of  the  soil  is  this  same  distance,  D'8,  from  the  center 
and  is  on  a  straight  line,  at  right  angles  to  the  direction 
of  the  wind,  i.  e.,  the  structure  would  be  in  equilibrium 
if  supported  on  this  line.  Clearly  then,  to  calculate  the 
maximum  resisting  moment  of  the  foundation,  moments 
must  be  taken  about  an  axis  D  8  from  the  center,  and 
expressed    as    a    fraction,    this    resisting   moment    equals 

D 
W'  >■  — .     But  the  author  continuing  after  equation   (181 

8 
says,  "Taking  moments  about  an  axis  tangent  to  the  lee- 
ward side  of  the  foundation,  and  neglecting  the  resisting 
moment  due  to  W-  and  Wi  as  small  compared  with  Equa- 
tion (17),  the  resisting  moment  is  M  =  Wr  X  D/2."  This 
is  decidedly  at  variance  with  the  result  just  derived  from 
the  first  solution,  and  clearly  indicates  the  first  error  in 
this  second  solution. 

The  next  sentence  regarding  a  "safety  factor"  is  hardly 
reasonable  enough  to  invite  comment.  The  author  is,  ap- 
parently, endeavoring  to  make  the  result  for  the  second 
solution  correspond  to  the  first  solution  and  introduces 
this  ludicrous  statement  to  cover  the  error  already  men- 
tioned. His  conclusion  after  equation  (22)  that  a  "safety 
factor"  of  approximately  2^4  gives  identical  results  with 
the  first  solutions,  has  not  even  the  justification  of  arith- 
metical accuracy.  To  obtain  the  same  result  as  the  first 
solution  a  "safety  factor"  of  4  must  be  introduced,  which 
is  what  one  would  expect  since  the  moment  of  resistance 
is  calculated  in  this  second  solution  on  a  mom.ent  arm 
D  2  instead  of  D'8.  The  second  solution  then  is  not  a 
different  solution  from  the  first  but  rather  the  same  one 
incorrectly  applied. 

In  both  the  first  and  second  solutions  under  the  head- 
ing "Minimum  Size  of  Anchor  Bolts"  the  author  has  fallen 
into  error  similar  to  that  referred  to  above  in  the  second 
solution  for  minimum  size  of  foundation,  i.  e.,  he  has  cal- 
culated the  Moment  of  Resistance  about  the  wrong  axis. 
In  the  first  solution  the  IMoment  of  Resistance  is  taken 
about  the  center  of  the  stack,  which  could  be  correct  only 
if  the  total  pressure  on  the  foundation,  which  balances 
the  pull  of  the  anchors,  were  concentrated  on  a  line  at 
right  angles  to  the  wind  pressure  passing  through  the 
axis  of  the  pipe.  In  the  second  solution  the  moment  is 
taken  about  the  leeward  edge  of  the  pipe,  which  assumes 
the  pressure  on  the  foundation,  due  to  overturning,  con- 
centrated at  a  point  on  the  edge  of  the  pipe.  Clearly  these 
assumptions  are  both  wrong.  What  would  be  reasonable 
to  expect  would  be  that  each  bolt  pull  is  balanced  by  a 
pressure  the  center  of  which  is  an  equal  distance  on  the 
other  side  of  the  center  line  of  the  bolt  circle.  Then  the 
Moment  of  Resistance  of  the  anchors  is  tSX",  where  X  is 
twice  the  distance  of  the  bolt  from  the  center  line  in  feet 
and  t  is  the  stress  on  a  bolt  for  which  x  =  one  foot.  For 
the  case  considered  in  equation  (24),  i.  e.,  12  bolts  in  the 
circle. 

M=t2X==  t    [  (^-rSin  .^O")    -    3  •    (2  — Sin  60°  j  X  2  B'l  =oB-t 

M 

butM='.PDH (25)  and  t  = 

2X= 


M 


PDH^ 


■•  t: 


= (26a) 

^X  6B- 
The  stress  in  bolt  3,  which  is  the  maximum  stress  in 
the  group  of  bolts,  is  t  "^'  B  and  is  therefore  equal  to 
PDH 
(27a). 


6B 

If  unit  stress  in  a  bolt  = 

0.7854  X  f  X  b=  = 


■-  f  lb. 
PUH 

6B 


per  sq.  in. 


(28a) 


Solving  for  b 

b  =  .46H(PD/fB)'-'   (29a) 

Equation  (29)  was  incorrectly  derived  from  (28)  in 
the  original.  Correctly  calculated  from  (28)  it  should  have 
read  b  =  .652  H  (PI)  fB)'-. 

For  the  general  case  of  n   (number  of)  bolts. 

nB= 

:iX  = . 


stress   in   outermost  bolt  =  t  > 


M 

B  =  — 

X 


2PDH 


B  = 


nB 


Then  equating  actual  to  allowable  stresses  as  before 

2PDH 

0.7854  X  f  X  b=  = . 

nB 
from  which 

b  =  1.595H(PD'nfB)'' (31a) 

If  the  third  solution  had  been  correctly  applied  the 
same  equation  as  (31a)  would  have  been  derived  as  fol- 
lows : 

PH^  M 

S'  =  .053 (4)  S'  =  .106— (4a) 

D  D- 

Here  S'  is  maximum  stress  per  lineal  inch  on  cir- 
cumference of  pipe.  The  author's  statement,  that  the 
stress  in  the  outermost  anchor  ^  S'P  is  true  only  w'hen 
S'  is  the  stress  per  lineal  inch  on  anchor  bolt  circle. 

From  (4a)  we  have  for  the  general  case  (where  B  is 
not  equal  to  D) 

M 
Stress  in  outermost  anchor  =  .106 — X  p, 


B^ 


or  equating  allowable  to  actual  stress; 
0.7854  X  f  X  b^  =  .106 


M 
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Now  M  = 
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•Substituting  w-e  have  b  =  1.595  H 


PD 


...(4la) 
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which  is  the  same  result  as  obtained  in  equation    (31a~- 
above. 

The  author  states  that  the  assumptions  made  in  his  so- 
lutions (1)  and  (3)  give  the  same  results  if  D  =  B.  There 
are  two  reasons  v;hy  this  does  not  follow  from  the  original 
article,  viz.,  (a)  through  the  error  in  equation  (41),  due 
to  the  form  of  equation  (4)  and  referred  to  above,  neither 
"B"  nor  "D"  occurs  in  the  results  obtained  from  solution 
(3),  i.  e..  in  equations  (41),  (42)  or  (43);  and  (b),  the 
coefficient  in  equation  (31)  obtained  from  solution  (1), 
is  different  from  the  one  in  equation  (41),  solution  (3). 
However,  as  we  have  shown  solutions  resembling  (1)  and 
(3),  do,  when  based  on  correct  assumptions,  accurately 
applied,  give  the  same  results  for  all  cases. 

Continuing  from  (31a)  or  (41a)  we  get  the  value  of  b. 

Using  f  =  15,000  and  P  =  20 
20  D 
b=  1.595  H 


■  .0582 


M 


15,000nB 
D 


nB 
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The  author's  conclusion  that  his  results  from  solutions 
(1)  and  (3)  were  too  high  and  results  from  solution  (2) 
were  too  low  is  quite  true  even  though  the  evidence  for 
this  conclusion  does  not  appear  in  his  article. 

With  regard  to  riveting,  the  author  has  apparently 
overlooked  a  very  important  point,  viz..  that  the  joints 
should  be  designed  primarily  to  develop  the  stress  S'  per 
lineal  inch.  The  author's  contention  that  his  recom- 
mended rivet  spacing  and  joints  will  give  ample  strength 
in  any  section  will  not  hold  true  in  critical  cases. 

In  equation  (44)  the  author  retains  the  error  of  equa- 
tion (41)  due,  as  we  have  stated,  to  the  form  of  equa- 
tion (4).  Correctly  derived  from  equation  (4)  or  (4a) 
this  equation  should  read 


PH^D  M 

S'  =  .053 or  =  .106  — 

Br  Br 


(44a) 


in  which  Bi  is  the  diameter  of  the  shall  where  is  connects 
to  the  base  plate. 

In  concluding  it  seems  that  beyond  e.\pressing  the  re- 
sults of  equations  (9),  (10)  and  (15)  in  curves  the  author 
has  presented  nothing  new — except  the  unusual  con- 
clusions due  to  the  above  mentioned  errors. 

H.   M.  White. 
Designing  Office.  Dominion  Bridge  Co.,  Ltd.,  Montreal, 
Canada.     Nov.  1,  1916. 


CLAMPING   SPLICES  IN   REINFORCING   BARS. 

To  the  Editor:  I  have  read  with  interest  Mr.  McCul- 
lough's  letter  in  your  Sept.  27  issue  and  Mr.  Carl  A.  Her- 
rick's  answer,  published  in  your  Oct.  25  number,  dis- 
cussing Mr.  Lasier's  paper  on  "Clamping  Splices  in  Re- 
inforcing Bars." 

It  seems  very  strange  to  me  that  this  subject  should  have 
been  taken  up  by  such  an  experienced  society  as  the 
American  Society  of  Testing  Materials,  which  numbers 
among  its  members  some  of  the  most  practical  concrete 
engineers  of  the  very  highest  authority,  for  I  believe  they 
are  all  thoroughly  familiar  with  Bulletin  No.  71,  "Test 
of  Bond,"  published  by  the  University  of  Illinois,  and  com- 
piled by  D.  A.  Abrams  under  the  supervision  of  Prof. 
Arthur  M.  Talbot. 

This  bulletin  shows  conclusively  that  there  is  abso- 
lutely no  need  whatever  for  mechanical  splicing  of  rein- 
forcing bars.  On  a  test  recently  made  by  Prof.  Talbot 
for  the  writer,  ordinary  deformed  i2-in.  round  bars,  em- 
bedded in  a  concrete  block  only  8  in.  developed  the  full 
elastic  limit  of  the  steel,  and  gave  an  average  ultimate 
bond  of  about  1,200  to  1,300  lb.  per  square  inch. 

As  we  would  only  use  about  200  or  250  lb.  per  square 
inch  bond  in  actual  design,  it  will  readily  be  seen  that 
the  ordinary  deformed  bar  will  fully  take  care  of  all  bond 
stresses  under  ordinary  conditions  with  an  extremely 
large  factor  of  safety.  This  high  bond  factor  of  deformed 
bars  is  well  established  and  well  known,  and  it  seems  such 
a  waste  of  time  under  these  circumstances  to  hunt  around 
for  some  mechanical  means  of  splicing,  which  is  of  no 
value  whatever. 

There  is  another  disadvantage  in  using  clamped  splices 
in  that  the  rods  are  made  to  lie  so  close  together  that  the 
concrete  cannot  flow  all  around  them,  in  this  way  losing 
25  per  cent  of  the  natural  bond  surface  of  each  bar.  This 
featui-e  alone  is  enough  to  condemn  any  mechanical  splic- 
ing. It  also  was  noticed  in  Mr.  Lasier's  experiment  that 
the  clamps  had  a  tendency  to  split  the  concrete.  I  think 
Mr.  McCullough  is  entirely  right  in  his  statements  that 
the  idea  of  mechanical  splicing  is  not  only  of  no  value 
but  has  really  dangerous  features. 

Every  good  engineer  is  trying  to  reduce  the  cost  of  con- 
struction and  not  increase  it,  which  brings  up  the  query — 
why  pay  for  mechanical  splicing  when  you  get  better 
bond  without  it? 

In  conclusion,  I  should  like  to  say  that  the  entire  test 
of  the  matter  will  come  when  the  salesman  of  mechanical 
clips  tries  to  sell  them  to  a  wide  awake,  up-to-date  con- 
crete engineer  or  contractor.     He  will  then  find  out  that 
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this  entire  subject  is  one  of  "blue  sky,"  and  I  can  only 
wonder  what  arguments  a  salesman  for  these  clips  would 
use  in  order  to  convince  a  good  engineer  that  they  are  of 
any  value. 

W.  A.  Collings. 
Kansas  City,  Mo.,  Oct.  27,  1916. 


To  the  Editor:  I  should  like  to  add  my  voice  to  that 
of  Mr.  Ernest  McCullough,  in  your  issue  of  Sept.  27,  in  a 
note  of  warning  against  confidence  in  clip  splices  in  rein- 
forcing bars. 

Mr.  McCullough  points  out  that  in  a  paper  on  this  sub- 
ject by  E.  L.  Lasier,  read  before  the  American  Society  for 
Testing  Materials,  the  author  states,  "That  clamped 
lapped  splices  embedded  in  large  masses  of  concrete  un- 
doubtedly can  safely  withstand  a  unit  load  equal  to  the 
unit  stress  in  steel  reinforcement."  This,  I  claim,  means 
nothing  and  is  misleading.  A  "large  mass"  of  concrete 
will  stand  the  tension  of  a  rod  if  the  rod  were  cut  in  two, 
provided  the  concrete  is  not  cracked;  and  a  rod  spliced 
and  embedded  in  a  large  mass  of  concrete  needs  scarcely 
any  splice  to  show  up  well  in  a  test,  if  the  tensile  strength 
of  the  concrete  is  totally  ignored.  The  latter  is  very  fre- 
quently done  in  tests  made  for  advertising  purposes. 

The  thing  of  importance  to  designers  and  owners  is 
whether  or  not  a  lop-sided  splice  embedded  in  a  thin  slab 
or  shell  of  concrete  is  safe.  If  the  shell  of  a  tank  is 
reinforced  with  rods  and  spliced  thus  the  rods  must  not 
stretch  out  any  more  under  their  safe  load  at  splices  than 
in  the  continuous  rod,  or  else  the  tank  will  leak,  to  say 
nothing  of  its  safety.  If  it  requires  a  large  mass  of  con- 
crete to  make  a  clip  splice  effective  such  splices  can  be  of 
only  very  limited  use.    They  should  not  be  used  in  a  tank. 

Analysis  would  condemn  a  short  lapped  splice  with  its 
eccentric  stresses  and  high  bending  moment,  just  as 
analysis  condemns  tests  made  where  there  are  large 
blocks  of  concrete  around  the  splice.  Of  course  this  con- 
crete will  help  to  make  the  splice  effective  though  there 
may  not  be  full  embedment  for  anchorage  of  the  bar  apart 
from  the  clamps. 

The  tests  described  by  Mr.  Carl  A.  Herrick  in  your  issue 
of  Oct.  25  have  the  bars  embedded  in  blocks  10  in.  square. 
This  block  has  400  times  the  cross  section  of  the  '  i-in. 
bars  and  100  times  that  of  the  1-in.  bars.  If  the  concrete 
block  took,  say  half  of  the  pull,  it  would  be  subject  to 
only  263  lb.  per  sq.  in.  in  the  worst  test  at  slip.  A  1:2:1 
concrete  could  stand  more  than  this.  Mr.  Herrick's  tests 
show  lower  load  at  first  slip  for  the  1-in.  bars  than  for 
the  smaller  bars,  showing  that  the  mass  of  concrete  had 
a  better  chance  to  help  out  the  smaller  bars  because  of 
its  greater  relative  mass. 

He  says  nothing  about  whether  or  when  the  concrete 
cracked.     This  is  of  utmost  importance. 

His  yield  points  appear  to  be  higher  than  the  actual 
yield  point  of  this  grade  of  steel,  which  seems  to  indicate 
that  the  actual  yield  point  of  the  steel  was  not  observed 
but  rather  the  comparatively  large  yield  of  the  splice. 

The  writer  would  rather  trust  to  ample  lap  of  rods  than 
to  any  kind  of  splice  that  can  be  devised  except  turn- 
buckles  on  threaded  ends. 

Edward  Godfrev. 

Pittsburgh,  Pa.,  Nov.  4,  1916. 


"STRENGTH  aF  CLAMPED  SPLICES  IN  CON- 
CRETE REINFORCEMENT  EARS." 

To  the  Editor:  I  thank  you  for  the  opportunity  given 
me  to  reply  to  the  letter  written  by  Mr.  Herrick  [see 
Oct.  25  issue  of  Engineering  &  Contracting.— Editorl 
about  the  clips  for  reinforcing  bars.  It  is  noticeable  that 
in  his  report  of  the  tests  he  does  not  mention  the  amount 
of  the  slip  stated  to  be  "minimum  point"  of  slip.  Since, 
however,  the  point  of  slip,  or  stretch,  is  very  close  indeed 
to  the  final  load  it  must  have  been  at  least  one-tenth  or 
one-eighth  of  an  inch.  This  is  the  amount  stated  by  Dr. 
Lasier  in  his  tests  to  be  the  "first  observed  slip." 

The   best   information   we   have   on   this   subject  is  in 
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Bulletin  No.  71,  Engineering  E.xperiment  Station,  Uni- 
versity of  Illinois,  Urbana,  111.,  entitled  "Tests  of  Bond 
Between  Concrete  and  Steel,"  by  Duff  A.  Abrams.  On 
page  28  it  says,  "There  is  no  measurable  slip  of  bar  until 
a  bond  stress  of  about  260  lb.  per  sq.  in.  has  been  devel- 
oped." On  page  42  it  says,  "When  a  slip  of  0.1  in.  is 
reached,  approximate  equality  of  bond  stress  for  all 
lengths  of  embedment  is  again  found  at  about  235  lb.  per 
sq.  in." 

The  following  statements  appear  on  page  29:  "Slipping 
begins  at  about  60  per  cent  of  the  maximum  bond  re- 
sistance. When  the  bar  has  slipped  0.001  in.  at  any  point 
the  bond  stress  there  is  about  70  per  cent  of  the  maximum 
bond  resistance.  When  the  slip  at  any  point  reaches  0.005 
in.  the  bond  stress  there  is  95  per  cent  of  the  maximum. 
The  maximum  bond  resistance  occurs  at  a  slip  of  about 
0.01  in.,  and  the  bond  resistance  decreases  with  further 
movement  of  the  bar.  When  the  bar  has  slipped  twice 
the  amount  which  was  measured  at  the  maximum  bond 
resistance  and  bond  stress  has  decreased  only  10  per  cent. 
When  the  bar  has  moved  0.05  in.,  five  times  the  slip  at  the 
maximum  bond  resistance,  the  bond  stress  is  still  about 
70  per  cent  of  the  maximum." 

Fig.  2.J  on  page  70  of  the  bulletin  referred  to  shows  re- 
sults apparently  libout  as  good  as  any  so  far  published 
of  bars  with  clamped  splices.  The  concrete  is  a  1:2:4 
and  the  concrete  used  in  the  tests  with  clamped  splices  is 
far  richer.  The  slip  of  one-tenth  of  an  inch  is  at  the  point 
of  complete  failure,  or  very  near  to  it.  A  movement  of 
one-hundredth  of  an  inch  indicates  that  movement  has 
started  and  from  that  point  the  bar  is  slipping.  In  his 
letter  Mr.  Herrick  says  the  effect  of  tipping  on  the  block 
was  apparent.  This  of  course  bent  the  bar  around  the 
point  of  application  of  the  clamps  and  helped  them  dig  in, 
after  the  bars  had  started  to  move. 

All  the  published  tests  of  clamped  splices  are  on  de- 
formed bars.  Those  for  the  Yale  Bowl  were  Havemeyer 
bars.  The  others  were  on  twisted  bars.  Dr.  Lasier  spoke 
of  some  te.sts  in  which  the  twists  were  in  the  same  direc- 
tion and  other  tests  in  which  the  twists  were  opposite  in 
direction  in  the  bars  clamped  together,  thus  getting  as 
much  benefit  as  possible  from  the  interlocking  of  the 
twists.  I  have  seen  some  tests  made  with  smooth  bars 
and  they  were  so  unsatisfactory  that  the  results  have 
never  been  published.  In  face  of  this,  however,  the  com- 
pany referred  to  in  my  first  letter  is  showing  pictures  in 
advertisements    of    smooth    bars    held    by    clamps. 

In  all  the  tests  made  there  were  two  bars  clamped  to- 
gether in  blocks  of  concrete  and  the  pull  was  applied  to 
both.  The  concrete  blocks  tilted  as  the  pull  tended  to 
straighten  the  steel.  This  gave  the  clamps  an  opportunity 
to  dig  in  and  get  the  best  possible  effect.  To  determine 
fully  the  value  of  the  clamps  similar  bars  embedded  in  the 
same  quality  of  concrete  should  have  been  tested  at  the 
same  time.  The  effect  of  the  tensile  value  of  the  con- 
crete would  have  been  surprising  to  a  man  who  has  never 
made  such  a  test.  This  method  of  testing,  however,  is  not 
proper.  The  block  of  concrete  should  be  so  large  that  no 
tilting  can  occur.  If  this  is  not  done  then  the  block  should 
be  placed  on  the  bed  of  a  machine  and  but  one  rod  sho.uld 
be  pulled.  At  the  time  the  tests  are  made  in  this  manner 
■  identical  bars  in  identical  blocks  of  concrete  of  identical 
mixtures  should  be  tested  without  the  clamps.  That  is, 
the  endeavor  should  be  to  obtain  a  straight  pull  of  one 
bar  past  another,  one  set  having  clamps  and  the  other  set 
having  no  clamps.  The  tests  should  cover  all  types  of 
deformed  and  twisted  bars  and  also  plain  rounds  and 
squares.  The  tests,  however,  so  far  published  do  not  con- 
vince me  that  clamps  should  be  used.  Not  one  test  with 
which  I  am  familiar  has  been  properly  made  in  order  that 
a  proper  comparison  could  be  made  with  the  behavior  of 
bars  without  clamps.  Therefore  I  repeat  that  it  is  danger- 
ous to  advertise  that  clamps  are  good  for  splici"hg  rein- 
forcing. Yours  truly, 
Chicago,  111.  Ernest  McCullough. 
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BAD  EFFECTS  RESULTING  FROM  THE  USE  OF 

SALT   WATER   IN    REINFORCED   CONCRETE 

STRUCTURES    BUILT    IN    TROPICAL 

COUNTRIES. 

Contributed   by  J.   L.   Harrison,   Acting  Supervising  Engineer,   Bureau 
of  Public  Works,  Manila,   P.   I. 

About  four  years  ago  the  writer's  attention  was  at- 
tracted by  a  number  of  large  cracks  near  the  bottoms  of 
the  girders  of  one  of  the  spans  of  a  concrete  slab  and 
girder  bridge  in  the  town  of  Marilao,  Bulacan  Province, 
P.  I.  The  nature  of  these  cracks  made  it  seem  unlikely 
that  they  were  due  to  any  overload  on  this  span  and  in- 
deed, had  there  been  any  doubt  as  to  the  adequacy  of  the 
original  design  (which  there  was  not)  five  other  spans  in 
the  same  structure,  all  in  good  condition,  would  have  been 
ample  evidence  that  no  question  of  ordinary  overload  was 
involved.  After  some  speculation  as  to  the  probable  cause 
of  these  cracks  it  was  decided  to  cut  into  the  concrete  for 
the  purpose  of  determining  its  hardness  and  to  ascertain 
the  condition  of  the  steel.  The  concrete  was  accordingly 
reiTioved  until  the  reinforcing  bars  were  exposed  when  it 
was  found  that  these  bars  were  covered  with  a  layer  of 
about  '/:<  in.  of  rust.  As  iron  rust  occupies  about  2'j 
times  the  space  vi'hich  is  occupied  by  the  iron  or  steel  from 
which  it  is  formed,  this  layer  of  scale  evidently  repre- 
sented the  addition  of  something  over  i.s  in.  to  the 
sectional  dimensions  of  the  reinforcing  bars  in  this  span. 
Therefore,  as  the  increase  in  section  that  had  been  caused 
by  the  addition  of  about  Vs  in.  to  the  sectional  di- 
mensions of  the  bars  in  this  span  was,  undoubtedly, 
enough  to  split  open  the  concrete  in  these  girders,  it 
seemed  evident  that  the  cracks  in  this  span  must  have 
been  caused  by  this  rust.  Moreover  as  there  was  a  pro- 
nounced crack  just  above  the  main  reinforcing  steel  in 
each  girder  (Fig.  1)  and  most  of  the  girders  also  showed 
one  or  more  cracks  on  the  bottom  (Fig.  2)  the  position  of 
the  cracks  themselves  was,  such  as  to  confirm  the  con- 
clusion that  they  had  been  caused  by  the  rusting  of  the 
reinforcing  bars. 

The  discovery  of  so  unusual  a  cause  for  the  cracking 
which  had  taken  place  in  this  span,  while  all  of  the  other 
spans  in  this  bridge  appeared  to  be  in  good  condition,  led 
to  an  investigation  as  to  a  possible  reason  for  the  rusting 
that  had  caused  the  cracking.  Absolutely  nothing  un- 
usual was  found  except  that  river  water  was  used  in  mix- 
ing the  concrete  for  this  bridge,  which  is  located  so  near 
to  the  sea  that  the  water  under  it  is  salty  during  the  dry 
season  while  as  soon  as  the  rains  begin  the  greater  volume 
of  off  flow  keeps  it  practically  fresh.  It  was  learned 
that  the  first  span  of  this  structure  was  built  just  before 
the  rains  began  so  that  salt  water  had  probably  been  used 
in  mixing  the  concrete  which  went  into  it.  Chemical 
analysis  later  checked  this  conclusion.  In  the  next  four 
spans  the  water  used  was  practically  fresh.  Brackish 
water  was  again  used  in  the  last  span.  However,  as  it  is  a 
common  practice  in  the  United  States  to  use  salt  for  the 
purpose  of  reducing  the  freezing  point  of  concrete  which 
is  to  be  placed  during  cold  weather,  the  fact  that  salt 
water  had  been  used  in  mixing  the  concrete  for  this  span 
I  though  in  violation  of  the  standard  specifications  of  the 
Bureau  of  Public  Works)  did  not  at  once  impress  any  one 
:"is  an  adequate  cause  for  the  serious  rusting  of  this  steel. 

Not  long  after  this  a  small  culvert  in  Bulacan  Province 
failed  because  of  overload  and  when  the  site  was  cleared 
for  a  new  structure  it  was  observed  that  many  of  the  re- 
inforcing bars  in  it  were  more  or  less  rusted.  No  cause 
for  this  could  be  assigned,  and,  as  the  culvert  was  only 
about  6  years  old,  the  presence  of  so  much  rust  caused 
considerable  alarm  among  the  engineers  to  whose  atten- 
tion the  matter  was  brought  as  it  tended  to  discredit  re- 
infciced  concrete  as  a  proper  form  of  construction  for  this 
country.  Moreover,  a  number  of  other  structures  in  other 
parts  of  the  Islands  were  known  to  be  showing  signs  of 
trouble.  Therefore,  as  the  United  States  Bureau  of 
Standards  (Technologic  Paper  No.  18)  had  declared  that 
wh3re  electrolysis  is  to  be  feared  it  is  dangerous  to  use 
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salt,  it  was. decided  to  j^ather  samples  of  concrete  from 
the  structures  where  rustins?  steel  was  known  to  exist 
and,  though  no  electrolysis  due  to  stray  currents  was  in- 
\olved  in  any  of  these  structures  to  ask  the  Philippine 
Bureau  of  Science  for  a  determination  of  the  chlorine  con- 
tent of  each  sample.  Table  1  shows  the  result  of  the  ex- 
;iniinations  made.  From  this  table  it  will  be  observed  that 
the  analyses  of  the  samples  submitted  all  show  some 
chlorine.  Analyses  have  been  asked  for  only  where  doubt 
existed  as  to  whether  fresh  water  had  been  used.  Where 
it  is  known  that  salt  water  was  used,  no  analyses  have 
been  made. 

The  results  of  these  analyses,  coupled  with  the  fact  that 
a  number  of  structures  in  which  salt  water  was  known 
to  have  been  used  were  showing  unmistakable  signs  of 
rusting  steel  made  it  seem  at  least  possible  that  the  salt 
in  the  water  used  for  gaging  was  at  the  basis  of  the 
trouble.  This  presumption  is,  of  course,  largely  a  nega- 
tive one,  but  the  fact  that  every  structure  where  trouble 
has  so  far  been  found,  and  these  structures  now  number 
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as  the  percentage  of  salt  which  is  now  found  by  an 
analysis  of  a  sample  of  the  concrete. 

It  is  interesting  to  note  that  none  of  these  samples  show 
as  much  salt  as  it  is  customary  to  use  in  the  United  States 
to  hinder  the  freezing  of  concrete  placed  during  cold 
weather.  In  the  United  States  the  immunity  from  disas- 
terous  results  is  undoubtedly  due  to  the  comparatively 
low  temperature  which  prevails  during  most  of  the  year, 
a  temperature  so  low  that  chemical  action  is  greatly 
hindered  if  not  entirely  stopped.  The  constant  high  tem- 
perature of  the  tropics,  together  with  the  higher  humidity 
prevailing  here,  greatly  aids  chemical  action  with  the 
result  that  more  serious  trouble  with  rusting  steel,  ap- 
parently caused  by  the  use  of  salt  water,  has  already  been 
encountered  in  the  Philippine  Islands,  than  has  been  en- 
countered in  the  United  States  though  many  concrete 
structures  there  are  two  or  three  times  as  old  as  the  old- 
est concrete  structures  in  this  country. 

In  order  to  check  the  assumption  that  salt  is  the  direct 
cause  cf  the   rapid  rusting  of  such,  reinforcing  bars  as 
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well  over  twenty,  has  been  gaged  with  salt  water  makes 
the  presumption  seem  a  logical  one. 

It  should  be  noted  that  the  percentages  given  are  for 
the  chlorine  content  of  the  concrete.  In  commenting  on 
the  sample  of  concrete  taken  from  th?  Constabulary  Head- 
quarters Building,  Iloilo  (Bureau  of  Science  Lab.  No. 
121923)  the  analyst  says:  "Salt  (Na.  CD  in  water,  assum- 
ing 12.5  lb.  used  in  mixing  per  cubic  foot  of  concrete,  (as- 
suming that  sp,  gr.  is  2.58),  1.44  per  cent."     The 

chlorine  content  in  this  case  was  0.07  per  cent. 

It  is,  cf  course,  impossible  to  tell  exactly  how  much 
water  was  used  in  mixing  the  concrete  from  which  the 
samples  were  taken,  for  some  engineers  use  a  fairly  dry 
mixture  while  others  use  a  great  deal  of  water.  How- 
ever, the  assumptions  made  by  the  analyst  seem  to  be  fair 
for  the  average  of  the  work  done  in  this  country.  For  the 
purpose  of  arriving  at  a  general  idea  of  how  much  salt 
there  was  in  the  water  used  in  mixing  the  various  con- 
crete analyzed  it  may,  therefore,  be  assumed  that  the  per- 
centage of  salt  in  the  water  was  about  20  times  as  high 

TABl.K  I.— CHLdKINK  FOfXIi  IX  FIVE  SAinIPLES  OF  COXCRICTE. 

Chlorine 

in  Remarks. 

Built,  concrete. 

190!)         O.OS     Steel     covered     with 
about    's    in.    of   rust. 
Concrete  porous. 
0.16     Rusting   general.     Bart 
scale  on  three  or  four 
bars.     Concrete  hard, 
but  ver.v  porous. 
0.2S     Rusting     slight.     Con- 
crete good. 
0,23     Steel  in  many  parts  of 
buildin.ET  rusting  bad- 
ly.   Scales  over  U  in, 
thick      found.        Sand 
u,sed    too    fine.      Con- 
crete porous, 
U,ii7     Steel      rust'ng     badly. 
Concrete     sound     but 
porous.  Sand  too  fine, 
Bisidcs    the   above,    which    are   tynical,    a    number   of   structures   in 
"b'ch   salt   water  is  known  to  have  beer,  used,  are  showing  the  same 
indications    of    (he    rusting     if    the    reinforcina    steel    that    have    been 
noted  in  the  above-inentioned  structures. 
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have  been  found  in  bad  condition,  a  few  samples  of  rust 
have  also  been  sent  to  the  Bureau  of  Science  for  determi- 
nation. Table  I  shows  the  amount  of  chlorine  found  in 
three  samples  from  three  different  structures.  Coupled 
with  the  fact  that  among  the  thousands  of  concrete  struc- 
tures erected  by  the  Bureau  of  Public  Works  during  the 
psst  10  years,  no  rusting  steel  has  been  found  except  in 
structures  where  salt  water  is  known  to  have  been  used 
or  v.-here  an  analysis  of  the  concrete  has  shown  a  notice- 
able percentage  of  salt,  the  fact  that  the  rust  from  these 
three  structures  also  shows  a  marked  chlorine  content 
would  seem  to  constitute  a  strong  case  against  the 
chlorine  salts  and  would  suggest  the  exclusion  of  salty 
or  even  brackish  water  from  all  concrete  which  is  to  be 
used  in  reinforced  structures.  This  is  more  important 
where  structures  must  endure  the  trying  climate  of  the 
tropics  but  is  likely  to  prove  important  even  in  temperate 
climates. 

Some  engineers  may  reason  that  one-tenth  of  1  per 
cent  of  chlorine  is  too  small  to  be  of  importance  as  an  in- 
dication of  the  effect  of  the  use  of  salt  water.  However, 
one-tenth  of  1  per  cent  of  chlorine  is  equivalent  to  slightly 
more  than  one-tenth  of  1  per  cent  of  hydrochloric  acid 
and  while  this  chlorine  does  not  represent  the  presence 
of  free  hydrochloric  acid,  it  is  entirely  probable  that  any 
ferric  chloride  which  is  formed  by  the  first  rusting  of 
the  reinforcing  steel  in  the  presence  of  the  salt  which 
has  been  incorporated  in  the  concrete,  is  very  soon  oxi- 
dized with  the  liberation  of  the  chlorine  to  again  attack 
the  steel. 

The  exact  nature  of  the  chemical  reactions  is  a  matter 
concerning  which  thei-e   is   undoubtedly  room  for  much 
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discussion,  but  having  present  air,  moisture,  iron  and 
even  a  trace  of  salt  there  can  be  no  doubt  that  the  con- 
ditions are  ideal  for  the  creation  of  a  cycle  of  chemical 
action  which  will  result  in  the  progressive  breakdown 
of  the  iron  in  the  form  of  a  chloride,  its  immediate  oxi- 
dation to  common  ferric  oxide,  and  the  consequent  libera- 
tion of  the  chlorine,  in  some  active  form,  to  again  attack 
the  iron.  Such  a  chemical  cycle  is  always  progressive 
and  can  not  be  stopped  as  long  as  there  is  a  supply  of 
iron  or  steel  to  be  attacked,  air  and  moisture  sufficient 
to  complete  the  oxidation  of  the  chloride,  and  a  tem- 
perature at  which  chemical  reactions  will  take  place. 
Viewed  in  this  light,  the  presence  of  one-tenth  of  1  per 
cent  of  chlorine  becomes  not  only  a  matter  of  primary 
importance,  but,  in   fact,  a   complete  explanation   of  the 


Fig.   3 — Wall   at    lloilo   Provincial   Jail. 

existence  of  the  heavy  scales  of  rust  which  have  been 
found  on  the  reinforcing  bars  in  a  numbers  of  structures 
which  have  been  examined. 

While,  from  these  facts,  it  seems  evident  that  the  use 
of  salt  water  in  reinforced  structures  will  often  prove 
disastrous  there  remains  the  question  as  to  how  often 
unfortunate  results  are  likely  to  be  met  with.  That  the 
immediate  failure  of  a  structure  in  which  salt  water  has 
been  used  is  by  no  means  certain  is  beyond  dispute.  About 
a  year  ago  the  writer  inspected  three  concrete  bridegs  in 
which  salt  water  is  known  to  have  been  used.  All  are 
apparently  in  perfect  condition.  They  are  now  about  6 
years  old.  There  is  nothing  unusual  about  these  struc- 
tures unless  it  be  that  the  concrete  in  them  is  uncom- 
monly hard  and  dense.  The  District  Engineer  who  built 
them  showed  them  to  the  writer  as  positive  proof  that 
sea  water  can  be  u?ed  in  reinforced  structures  with  im- 
punity. 

On  the  other  hand  the  writer  knows  of  a  bridge  where 
the  contractor,  in  direct  violation  of  the  specifications 
under  which  he  was  working  and  contrary  to  the  express 
instructions  of  the  inspector,  used  sea  water  in  mixing 
his  concrete.  Within  a  year  the  steel  in  this  bridge  was 
so  badly  rusted  and  the  concrete  so  badly  cracked  that 
the  structure  was  considered  valueless,  and  condemned 
as  unsafe.  The  concrete  in  this  case  was  porous  and  be- 
low normal  in  strength. 

These  are  the  extremes.  What  the  average  life  of  a 
structure  in  which  salt  water  has  been  used  may  be,  will 
begin  to  appear  when  signs  of  trouble  are  found  on  such 
structures  as  the  three  bridges  above  referred  to. 

There  is  one  city  in  the  Philippine  Islands  where  salt 
water  has  been  used  in  a  large  proportion  of  the  rein- 
forced concrete  work.  Here,  within  a  radius  of  about  a 
mile  the  writer  has  examined  upwards  of  a  dozen  con- 
crete structures,  both  public  and  private,  and  so  far  has 
found  only  one  structure  over  5  years  old  where  there 
is  no  evidence  of  rusting  steel,  and  that  is  the  only  struc- 
ture he  has  found  where  only  fresh  water  and  aggregates 
from  fresh  water  were  used.  In  one  of  the  private  build- 
ings, a  structure  about  3  years  old,  the  interior  columns 
are  in  such  bad  condition  that  the  owner  is  under  the 
necessity  of  rebuilding  them  and  the  beams  seem  to  be 


in  almost  as  bad  condition.  The  concrete  in  these  struc- 
tures has,  pi-actically  without  exception,  been  made  from 
a  good  grade  of  beach  or  river  gravel  and  a  fine  sand 
sometimes  taken  from  the  beach  and  sometimes  taken 
from  one  of  the  two  rivers  near  this  city  but  almost  never 
from  above  the  reach  of  salt  water.  This  sand  is  far  too 
fine  for  good  concrete  work  and  the  concrete  in  which  it 
has  been  used  is  noticeably  porous.  There  is  an  electric 
light  system  in  this  city  which  may  have  had  some 
effect  in  hastening  the  destruction  of  the  reinforcing 
steel  in  these  structures.  Still  these  structures  are,  on 
the  whole,  a  good  indication  of  the  short  life  of  reinforc- 
ing steel  that  is  hurried  in  concrete  containing  salt,  and 
as  many  of  these  structures  now  show  cause  for  the  be- 
lief that  they  will  be  unsafe  before  they  have  had  as  long 
a  life  as  would  be  normal  for  a  frame  building,  the  seri- 
ousness of  the  situation  may  be  readily  seen. 

From  the  fact  that. in  dense  concrete,  although  gaged 
with  salt  water,  reinforcing  bars  have  been  preserved 
for  some'  time  without  showing  any  tendency  to  rust 
while,  when  buried  in  porous  concrete,  disastrous  re- 
sults have  often  followed  with  surprising  rapidity,  it 
would  seem  that  the  porosity  of  the  concrete  must  be  a 
factor  in  the  process  of  deterioration.  For  example  it  is 
no  doubt  true  that  in  an  absolutely  dry  atmosphere  steel 
could  be  packed  in  salt  without  being  materially  damaged 
thereby,  and  by  deduction  it  would  seem  fair  to  assume 
that  in  very  dense  concrete,  where  the  steel  is  not  only 
supposed  to  be  largely  protected  from  contact  with  mois- 
ture but  where  even  if  some  moisture  reaches  it,  it  is  also 
protected  by  the  alkaline  qualities  of  the  cement,  it  might 
last  indefinitely  in  spite  of  the  presence  of  chlorine  salts, 
but  that  if  the  porosity  of  the  concrete  is  such  as  to 
permit  moisture  and  air  to  penetrate  easily,  the  protec- 
tive influence  of  the  alkalinity  of  the  concrete  might  very 
probably  be  overcome  by  the  salt  and  rapid  rusting  re- 
sult. 

This  theory  probably  explains  the  reason  for  the  rapid 
destruction  of  steel  buried  in  porous  concrete.  The  only 
apparent  difficulty  with  this  theory  is  to  be  noted  in  the 
behavior  of  bars  in  the  interior  walls  of  a  building.  Be- 
cause the  interior  of  a  building  is  always  drier  than  the 


Fig.   4 — Crack    in   Stair   Girder   at   Constabulary    Headquar- 
ters    Building,     lloilo. 

exterior  one  would  expect  to  find  less  evidence  of  rusting 
steel  here  than  in  exterior  walls.  However,  this  is  not 
the  case,  for  when  the  steel  in  a  building  begins  to  rust, 
evidences  of  rusting  can  be  fully  as  often  found  within 
the  building  as  on  the  outside.  This  is  probably  not  really 
in  violation  of  the  theory  proposed  but  undoubtedly  indi- 
cates that  there  must  either  be  enough  moisture  present 
in  the  concrete  to  permit  the  salt  to  overcome  the  protect- 
ing influence  of  the  alkalinity  of  the  concrete  but  that 
porosity  increases  the  rapidity  of  the  rusting  by  increas- 
ing the  accessibility  of  the  supply  of  oxygen  or  that,  ow- 
ing to  the  high  humidity  which  prevails  in  the  Philippine 
Islands,  high  porosity  facilitates  the  absorption  of  the  nec- 
essary moisture  from  the  vapor  in  the  air.  This  deduc- 
tion is  tentative  but  seems  to  fit  the  facts  better  than  an 
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assumption  that  porosity  aids  rusting  by  permitting 
moisture  to  penetrate  to  the  reinforcing  steel  in  its  liquid 
form. 

From  these  and  many  similar  facts,  the  conclusion  has 
been  reached  that  salt  water  should  be  excluded  from  all 
reinforced  concrete  work  undertaken  in  tropical  or  semi- 
tropical  countries.  The  amount  by  which  the  rusting  of 
reinforcing  steel  is  accelerated  by  the  use  of  salt  water 
in  the  concrete  in  which  it  is  imbedded  has  not  yet  been 
determined  but  the  fact  that  a  considerable  proportion 
of  the  structures  in  which  salt  water  has  been  used  show 
signs  of  the  rapid  rusting  of  the  reinforcing  steel  be- 
fore they  are  five  years  old  seems  to  be  a  sufficient  reason 
for  urging  that  much  more  caution  ought  to  be  exercised 
in  regard  to  the  use  of  salty  or  brackish  water.  In  fact 
the  writer  believes  that  in  tropical  and  semitropical 
regions,  especially  where  the  humidity  is  high,  the  use  of 
salt  water  in  mixing  concrete  for^  reinforced  structures 
should  be  absolutely  prohibited  in  all  specifications  and 
the  prohibition  should  be  rigidly  enforced.  In  cooler  cli- 
mates physical  deterioration  due  to  chemical  action  is 
slower  than  it  is  in  tropical  climates  and  as  both  humid- 
ity and  precipitation  are  lower,  the  bad  effects  to  be  ex- 
pected from  the  use  of  salt  will  appear  much  more  slowly. 
Still,  even  here  as  it  is  entirely  probable  that  the  life  of 
any  reinforced  structure  will  be  governed  by  the  life  of 
the  reinforcing  steel  used  in  it,  it  is  foolish  to  run  the 
risk  of  hastening  the  deterioration  of  the  steel  bj'  incor- 
porating quantities  of  this  destructive  agent  in  the  con- 
crete in  which  it  is  embedded. 


A   COLLAPSED  CONCRETE-BLOCK   BUILDINCx. 

The  accompanying  illustration  shows  a  concrete-block 
store  building  which  collapsed  at  Lovell,  Wyo.,  a  short 
while  ago.  The  building  had  a  very  insufficient  foundation 
the  immediate  cause  of  the  failure  was  the  excavation  of 
a  trench  adjacent  to  the  building  for  the  foundation  of  a 
new  structure.  The  trench  was  only  1  ft.  in  width  and 
l^i  ft.  deep,  extending  more  than  the  length  of  the  build- 
ing.     This   trench   was   completed    during  the   afternoon 


Collapsed   Concrete-Block   Building   at   Lovell.   Wyo. 

and  the  collapse  took  place  about  6  o'clock  in  the  even- 
ing. Soils  in  the  arid  region  contain  very  little  humus 
and  are  usually  very  fine  grained,  being  extremely 
fluxible  when  wet.  In  this  instance,  the  ground  v/ater 
table  was  within  5  ft.  of  the  surface  and  the  capillary 
power  of  the  soil  was  sufficient  to  keep  the  soil  moist  to 
the  surface. 


Fifteen  states  now  have  Boards  of  Health  with  engi- 
neering divisions  who  have  legal  authority  or  otherwise 
to  exercise  control  over  the  disposal  of  sewerage  and 
operation  of  sewage  treatment  works. 


It  is  estimated  that  the  net  return  to  the  city  of  New 
York  for  each  inspector  employed  on  water  waste  detec- 
tion is  about  $7.75  per  day. 


ENGINEERING 
AND      CONTRACTING 

TEST  OF  A  GROINED  ARCH.* 

The  test  of  any  such  idea  as  here  proposed  may  be  di- 
vided into  two  parts,  that  made  by  applying  known  meth- 
ods of  design  to  several  cases  of  this  type  of  structure, 
which  may  be  termed  a  more  or  less  theoretical  test,  and 
by  the  construction  of  an  actual  model  and  testing  it  to 
failure.  Inasmuch  as  small  models  are  apt  to  give  results 
which  materially  differ  from  the  actual  conditions  met 
with  in  practical  construction,  the  writer  has  attempted 
in  this  test  to  construct  a  model  of  sufficient  dimensions 
to  warrant  its  being  recognized  as  representative.  A 
model  which  has  a  clear  span  of  7  ft.  and  is  placed  on 
columns  4  ft.  long  ought  to  be  considered  as  giving  these 
representative  conditions,  yet  is  not  without  the  bounds 
of  reason  when  considered  as  an  experiment.  These  were 
the  dimensions  adopted  for  the  model  constructed. 

In  order  to  obviate  all  arch  action  in  the  load,  and  also 
to  allow  for  extensometer  readings  on  the  upper  surface, 
the  method  of  loading  used  in  this  te.st  was  essentially 
as  follo\<'s:  Half  pigs  of  iron,  as  usually  found  ready  for 
the  cupola  at  foundries,  run  a  little  less  than  24  in.  in 
length  and  of  such  width  that  three  laid  side  by  side  will 
oecupy  slightly  less  than  24  in.  Therefore,  by  laying 
out  24-in.  squares  over  the  surface  of  the  floor,  and  plan- 
ning for  extensometer  readings  along  the  dividing  lines 
of  these  squares,  the  iron  may  be  piled  in  crisscrossed 
layers  averaging  three  pigs  to  the  layer,  thus  making  each 
pile  self-supporting  and  still  leaving  room  for  e.xtensom- 
eter  readings  between  the  piles. 

A  small  test  pit  about  2  ft.  deep  was  made  where  it 
had  been  decided  to  build  the  model.  The  foundation  was 
found  to  be  of  coarse  gravel,  which  has  a  fairly  high  bear- 
ing capacity,  at  least  three  tons  per  square  foot.  Under 
a  load  of  four  times  the  designed  load,  the  bearing  at  the 
foot  of  each  column  was  approximately  this  amount. 

The  next  step  was  to  design  the  forms.  The  main  arch 
form  was  built  in  four  sections  which  were  bolted  to- 
gether along  the  groin  lines,  nailed  securely  at  the  cor- 
ners, and  finally  strips  of  2  by  3  spruce  were  fastened 
to  all  four  sides  and  securely  bolted  at  their  intersections. 
All  of  this  was  done  in  order  that  the  arch  form  should 
be  self-supporting,  being,  in  fact,  an  arch  itself  with  the 
thrust  counteracted  by  securely  fastening  the  four  sec- 
tions together.  This  form  rested  directly  on  the  tops  of 
the  column  forms. 

It  is  interesting  to  note  in  the  design  of  the  column 
forms  the  manner  in  which  the  corner  joints  were  lapped 
in  order  that  the  stress  on  the  nails  in  every  case  should 
be  shear  rather  than  straight  tension.  In  this  way  any 
tendency  towards  springing  the  joints  was  avoided,  and 
the  use  of  clamps  made  unnecessary.  The  forms  were 
made  up  in  the  carpenter  shop  of  the  Massachusetts  Insti- 
tute of  Technology,  and  transported  by  truck  to  Waltham. 

The  erection  of  the  forms  required  only  one  hour's 
time  for  the  writer,  with  the  aid  of  a  laborer.  First,  two 
3  by  4  spruce  joists  were  laid  across  each  pit  for  the 
columns,  then  the  column  forms  were  placed,  resting  on 
the  joist  by  the  long  middle  battens.  After  the  column 
forms  were  placed  and  leveled,  one  of  the  sections  of  the 
arch  was  placed  on  top  of  the  column  forms  and  its 
pointed  end  held  up  in  place  temporarily  by  a  light  stick; 
the  next  section  was  similarly  placed  and  then  three  bolts 
inserted  along  the  intersection.  This  process  was  con- 
tinued until  all  four  sections  were  in  place;  the  corners 
were  then  securely  nailed,  and,  finally,  the  pieces  of  2  by 
3  spruce  were  run  around  the  outside  and  securely  bolted 
at  the  corners. 

Although  some  excess  cost  was  entailed  by  the  care- 
ful, construction  of  the  forms,  it  was  more  than  made  up 
for  by  the  ease  in  erection  and  stripping,  and  also  by  the 
excellent  condition  of  the  forms  after  removal.  With  very 
little  repairing  the  forms  could  easily  be  used  eight  or  ten 
times,  showing  that  although  the  original  cost  of  arch 
forms  may  be  slightly  greater  than  those  for  flat  slabs,  the 

•From  a  paper,  "The  Groined  Arch  as  a  Means  of  Concrete  Floor 
Construction."  in  the  October  Journal  of  tlie  Boston  Society  of  Civil 
F.nsineers.  The  author  of  the  paper.  Mr.  H.  Whittemore  Brown  is 
Assistant.  Testing  Materials  Laboratories,  Massachusetts  Institute  of 
Teohnoloj^y. 
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better  construction  necessitated  more  than  pays  for  itself 
in  the  time  saved  in  the  erection  and  removal. 

The  labor  necessary  in  placing  the  steel  was  of  course 
very  small.  As  specified  in  the  design,  'h-in.  plain  round, 
mild  steel  bars  were  used.  Tension  and  bending  tests 
showed  material  to  be  about  up  to  the  standard,  although 
not  what  would  be  termed  first  class.  Eight  rods  20  ft. 
long  were  ordered;  these  were  bent  on  the  job.  Wooden 
blocks  were  wired  to  the  bars  where  it  was  desired  to  take 
extensometer  readings.  In  placing  the  -steel,  care  was 
taken  to  see  that  the  rods  were  accurately  placed,  espe- 
cially through  the  crown  of  the  arch  and  the  upper  por- 
tion of  the  columns. 

The  concrete  work  involved  numerous  difficulties  be- 
cause of  the  lack  of  both  time  and  space.  Fairly  repre- 
sentative tests,  however,  were  made  of  the  sand  and  ce- 
ment with  the  resiilt  shown  by  Table  1,  which  shows  the 
materials  to  be  of  good  average  strength. 

Test  of  the  cement  with  hydrochloric  acid  showed  no 
signs  of  dirt  or  other  foreign  matter. 

This  shows  a  well-graded  sand  with  a  minimum  of  fine 
material.  Washing  the  sand  revealed  no  objectionable 
foreign  matter. 

In  proportioning  the  mi.xture  to  be  used,  there  was  little 
to  be  considered,  inasmuch  as  it  was  not  the  concrete 
that  was  being  tested,  but  rather  its  action  in  the  arch, 
so  that  a  1:2:4  mixture  was  chosen  rather  arbitrarily 
as  being  of  common  proportions.  Gravel  passing  a  -'u-in. 
and  held  on  a  14-in.  screen  was  used.  Each  batch  was 
made  fairly  dry,  so  that  in  placing  the  concrete  in  the 
arch,  the  joint  between  batches  could  be  made  nearly  per- 
pendicular to  the  surface  of  the  forms,  thus  making  the 
joint  more  efficient  in  carrying  the  stress.  About  an  hour 
after  the  pouring  had  been  completed,  holes  were  made  in 
the  upper  surface  of  the  floor  by  pressing  a  steel  rod  into 
the  slightly  hardened  concrete,  thus  allowing  for  the  in- 
sertion of  steel  plugs  for  the  extensometers.  About  24 
hours  after  the  pouring,  the  whole  floor  was  covered  with 
hay  and  thoroughly  soaked,  in  order  that  the  drying  out 
should  not  be  too  rapid.  The  forms  were  removed  at  the 
end  of  three  weeks. 

Extensometer  inserts  consisting  of  pieces  of  %-in.  steel 
rods  about  an  inch  long  were  placed  in  the  holes  made  in 
the  concrete  with  a  mixture  of  cement  and  plaster  of 
Paris.  After  the  concrete  had  been  poured  it  was  thought 
advisable  to  attempt  to  make  strain  gage  readings  on  the 
concrete  in  the  columns.  Plugs  were  here  stuck  on  the 
columns  with  a  mixture  of  cement  anU  plaster  of  Paris; 
some  of  these  proved  satisfactory  and  gave  readings 
which  checked  up  closely  with  the  design,  while  others 
failed  to  adhere  at  all. 

In  order  that  the  strain  gage  reading  should  be  of  some 
value,  it  was  necessary  to  determine  the  modulus  of  elas- 
ticity of  the  actual  concrete  used  in  the  model  at  the  age 
of  te.sting.     For  determining  the  modulus,  blocks  8  bv  8 


TABLE   I.— CEMENT  AND   SAND   TEST.-^. 

24-hour  Neat — 

(1)  340. 

(2)  390.     Av.  =  365  lb.  per  sq.  in. 
(-dav  Xeat — 

(1)  SIO. 

<2)     .'.83.     Av.  =  597. .5  lb.  per  sq.  in. 
Standard  Mortar — 

a)    2S0. 

(2)  300.     Av.  -  287  lb.  per.  sq.  in. 

(3)  280. 
Waltham  Xlortar — 

(1)     270. 

c2>     295.     .\v.  =  262  Ih.   per  sq.  In. 

(3)     270.  =  91.5ct  of  Standard. 

3,1-day  Neat — 

(1)     69.i. 

(2>     725.     Av    TT  710  lb.   per  sq.  in. 
Standard — 

(1)     290. 

(-■>     29r..     Av.  =  295  lb.   per  sq.   in. 

(3)     300. 
Waltham — 

(1)  290. 

(2)  280.     Av.  =  285  lb.   per  sq.   in. 

(3)  285.  =  96.5%   of  Standard. 

RESULTS  OF  SCREENING  TEST  OF  SAND. 

^No%'ft^'°-  ^° IS*^" 

Ifc-   II   S9*W 

N^iso :;;::::::::;; : \%ll 

Through  No.  50 '. \V^  ^'.'.'. .'. .'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.      ZS>% 


by  24  in.  were  made  of  the  actual  concrete  used;  ■;4-in. 
rods  were  placed  20  in.  apart  in  each  block,  and  held  in 
place  by  projecting  into  the  sides  of  the  form.  As  com- 
ment on  this  method  of  placing  the  extensometer  inserts, 
it  may  be  said  that  difficulty  was  encountered  because  of 
the  shrinkage  of  the  concrete,  which  tended  to  crack  the 
block  through  the  plane  of  the  rods.  Since  that  time  I 
have  had  opportunity  to  make  other  modulus  tests  on 
plain  blocks,  the  inserts  being  made  by  boring  1-in.  holes 
with  a  diamond  drill,  and  setting  the  steel  plugs  with  neat 
cement  and  plaster  of  Paris. 

In  order  to  measure  the  deflection  of  the  arch  it  was 
necessary  to  design  some  form  of  apparatus  which  should 
combine  the  three  following  elements:  First,  it  should 
not  be  elaborate  or  expensive,  because  it  is  likely  to  be 
ruined  with  the  failure  of  the  arch;  second,  it  should  be 
easily  readable  from  the  exterior  of  the  arch,  so  as  not  to 
endanger  the  observer  upon  a  sudden  failure  of  the  arch; 
and,  third,  it  should  be  fairly  accurate,  at  least  to  0.01  in. 

It  was  decided  to  make  the  apparatus  of  wood,  mount- 
ing a  lever  with  arms  as  1  to  50  on  a  board  back,  having 
the  fulcrum  simply  a  snug  fit  about  the  supporting  screw, 
but  having  the  point  of  application  on  the  short  arm  fixed 
by  a  steel  point  fitting  into  a  prick-punch  hole,  also  in 
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Fig.   1 — Modulus  Tests,    Load   Compression    Curves. 
Fig.   2 — Deflection    of   Arch. 

steel.  The  apparatus  was  made  easily  in  a  few  hours  by 
the  writer  in  the  Institute  carpenter  shop. 

After  construction,  it  was  necessary  to  calibrate  the 
apparatus.  This  was  accomplished  by  placing  it  in  a 
small  Riehle  testing  machine,  where  the  deflection  could 
be  controlled  easily.  The  actual  deflection  was  measured 
with  a  micrometer,  and  compared  with  the  scale  reading 
on  the  apparatus,  the  scale  being  made  with  divisions  50 
times  the  actual  deflection  and  placed  at  a  radius  dis- 
tance of  50  in.  from  the  fulcrum.  An  error  averaging 
about  7  per  cent  was  found.  The  radius  distance  of  the 
scale  was  then  increased  Z^'z  in.,  and  the  readings  then 
were  found  to  be  accurate  within  a  few  thousandths  of 
an  inch.  A  new  scale  was  then  constructed,  giving  a 
wider  range  of  deflection,  and  then  tested.  In  this  it  was 
found  that  the  effect  of  curvature  became  apparent  in  the 
larger  deflections. 

Here  it  occurred  to  the  writer  that  the  effect  of  curva- 
ture might  be  overcome  by  the  use  of  a  scale  made  of 
cross-section  paper,  and  reading  from  a  fixed  point  on  the 
pointer. 

Tests  of  6-in.  by  6-in.  cylinders  which  had  been  made 
as  the  mixing  progressed  were  made  at  7,  14  and  28  days; 
a  strength  of  2,070  lb.  per  sq.  in.  being  obtained  in  28 
days. 

Modulus  tests  were  made  at  21  and  28  days,  the  results 
of  which  were  platted  in  Fig.  I.  The  average  of  the  28- 
day  tests  used  in  the  checking  of  the  design  was  1,178,000 
lb.  per  sq.  in. 

Before  commencing  the  loading  of  the  test  floor  it  was 
necessary  to  mark  off  the  squares  for  the  piles  of  pig  iron. 
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so  that  the  loading  might  be  carried  on  expeditiously  with- 
out interfering  with  the  extensometer  inserts.  The  in- 
serts were  then  punched  and  bored  for  a  gage  length  of 
20  in.,  a  20-in.  Berry  strain  gage  being  used. 

In  order  that  there  should  be  a  minimum  amount  of 
lifting  in  connection  with  the  handling  of  the  iron,  a 
one-horse  cart  was  procured,  so  that  it  was  only  necessary 
to  load  the  iron  into  the  cart  from  the  pile,  weigh  the 
load,  and  then  back  the  cart  up  to  the  floor,  which  was 
purposely  made  of  convenient  height  for  this  operation. 
In  this  manner  it  was  possible  to  carry  on  the  loading 
quite  rapidly.  Loads  were  applied  in  increments  of  1,600 
lb.,  equivalent  to  25  lb.  per  sq.  ft.,  until  the  designed 
load  was  reached,  and  after  that  in  increments  of  3,200 
lb.  until  a  load  of  54,400  lb.  had  been  applied,  equivalent 
to  850  lb.  per  sq.  ft. 

Extensometer  readings  were  taken  after  adding  each 
increment  of  load.  Dust  and  dirt  made  it  difficult  always 
to  be  sure  that  the  holes  for  the  point  of  the  extensometer 
were  clear,  which  might  account  for  the  sudden  varia- 
tions in  some  of  the  readings. 

After  a  load  of  150  lb.  per  sq.  ft.  was  reached,  the  read- 
ings on  the  interior  of  the  arch  had  to  be  abandoned  on 
account  of  the  increasing  height  of  the  piles  of  iron. 

Deflection  readings  were  also  taken  with  each  increment 
of  loading.  (Fig.  2.)  After  a  load  had  been  applied  and 
before  another  was  ready,  some  slight  settlement  oc- 
curred, usually  not  over  .003  or  .004  in.  Twenty-four 
hours  elapsed  before  load  250  and  300,  and  during  this 
time  a  settlement  of  0.06  in.  occurred.  The  total  deflec- 
tion immediately  after  the  application  of  the  500  load 
was  0.342  in.  Three  days  elapsed  between  load  500  and 
'550,  during  which  time  a  deflection  of  0.069  in.  occurred, 
showing  that  the  deflection  becomes  practically  constant 
after  24  hours.  The  total  deflection  upon  the  application 
of  the  850  lb.  load  was  0.675  in.  The  deflection  apparatus 
rested  directly  on  the  ground;  thus  the  deflection  readings 
included  not  only  deflection  of  the  arch  but  also  the  set- 
tlement of  the  whole  structure  on  its  foundations. 

When  a  load  of  750  lb.  per  sq.  ft.  was  reached,  cracks 
were  noticed  on  the  under  side  of  the  concrete  at  the 
crown  and  on  the  outside  of  the  columns  about  a  foot 
from  their  tops.  The  next  increment  of  loading  opened 
these  cracks  and  produced  another  set  running  diagonally 
across  corners  of  the  top  of  the  arch  about  2  ft.  from  the 
columns.  Explanation  of  this  would  seem  to  be  that  the 
steel  had  reached  its  yield  point,  thus  allowing  the  center 
of  the  arch  to  fall  slightly,  causing  cracks  at  the  lower 
side  at  the  center,  on  the  upper  side  near  the  ends  and 
on  the  outside  of  the  columns  where  the  tension  caused  by 
their  bending  was  excessive. 

When  the  steel  rods  were  placed  in  the  crown  one  set 
was  wrapped  with  paper,  two  sets  were  thoroughly 
greased  and  the  fourth  set  left  untreated,  but  no  differ- 
ence in  action  was  visible  between  any  of  them,  showing 
that  the  bond  between  the  steel  and  the  concrete  was 
broken  without  causing  any  undue  destruction  of  the  con- 
crete. 

The  load  remained  on  the  arch  for  about  one  month 
without  showing  any  signs  of  increase  in  the  cracks  al- 
ready visible,  although  the  deflection  was  not  determined. 
At  the  end  of  that  time  about  half  of  the  corner  piles  were 
thrown  upon  the  center  of  the  arch  without  any  appre- 
ciable change.  In  unloading,  one-half  of  the  arch  was 
unloaded  first;  leaving  the  other  half  under  its  full  load, 
again  without  any  signs  of  failure.  Then  the  half  of  the 
load  remaining  lying  nearer  the  edge  was  removed,  leav- 
ing a  load  of  approximately  six  tons  on  the  middle  quarter 
of  the  floor  and  again  without  any  signs  of  failure  on  the 
part  of  the  arch. 

When  it  was  desired  to  tear  down  the  arch  it  was  only 
necessary  to  take  a  sledge  hammer  and  knock  away  the 
concrete  from  around  the  rods  at  the  crown,  cut  the  rods 
there  with  a  hack  saw,  then  a  few  blows  of  the  sledge 
hammer  separated  the  arch  into  four  sections,  which 
were  easily  removed. 
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ELEVATOR  PITS  AND  MACHINERY   FLOORS  IN 
CONCRETE   BUILDINGS. 

(Vintrilmted    liy  .Mljeit    M.    \Voir,«  Aseuc.   .M.   Am.   .-^oc.    C.   E. 

The  literature  on  the  design  and  construction  of  eleva- 
tor pits  and  machinery  floors  is  so  meagre  that  the  writer 
feels  that  the  following  notes  may  be  of  value  to  struc- 
tural designers. 

Elevator  Pits. 

For  the  type  of  elevators  generally  used  in  factories 
and  warehouses  of  reinforced  concrete,  the  depth  of  pit 
required  below  the  lowest  floor  served,  is  governed  not 
so  much  by  the  buffer  requirements,  as  by  the  type  of 
door  used.  Ordinarily  a  depth  of  3  ft.  6  in.  is  sufficient 
for  the  proper  in.stallation  of  buffers,'  but  if  the  Meeker 
type  or  Peelle  counterbalanced  doors  are  used  at  open- 
ings, the  pit  must  have  sufficient  depth  to  allow  the  lower 
half  of  the  door  to  travel  into  the  pit.  The  depth  usually 
required,  is  from  6  in.  to  1  ft.  more  than  half  the  height 
of  the  door  opening  at  the  lower  landing  depending  on 
the  make  of  door  used,  the  Peelle  type  requiring  more  than 
the  Meeker.  Since  elevator  doors  are  generally  made  7 
ft.  or  8  ft.  high  the  depth  of  pits  necessary  will  varv 
from  4  ft.  to  5  ft.  The  elevator  contractor  and  the  door 
manufacturer  should  of  course  be  consulted  before  de- 
signing pits  for  special  elevators  or  those  involving  the 
use  of  unusual  doors. 

Since  in  most  factories  and  warehouses  the  elevators 
run  to  the  basement,  the  bottom  of  the  pits  will  be  be- 
low the  sewer  and  drain  lines.  This  means  that  special 
attention  must  be  given  to  the  waterproofing  of  the  same, 
or  ejector  pumps  provided  to  pump  out  the  seepage  col- 
lecting in  the  pits.  If  the  pit  is  to  be  made  waterproof 
all  column  or  wall  footings  adjoining  the  elevator  shaft 
must  be  carried  down  so  that  the  portions  under  the  pit 
are  at  least  6  in.  and  preferably  1  ft.  below  finished  floor 
line  of  the  pit.  This  will  allow  the  construction  of  the 
pit  floor  as  a  monolithic  slab  with  reinforcing  extending 
both  the  length  and  width  of  the  same,  bent  up  into  the 
side  walls  near  outer  face  (see  Fig.  1 )  to  act  as  cantilever 
reinforcement  therefor.  A  key  should  be  formed  in  the 
top  of  slab  directly  under  the  walls  and  the  same  poured 
as  soon  after  the  base  as  possible  so,  as  to  obtain  a  water- 
tight joint.  A  rich  and  very  dense  concrete  (with  an 
integral  waterproofing  compound  or  hydrate  of  lime  added 
if  the  work  is  to  resist  any  considerable  head  of  water) 
should  be  used  in  elevator  pit  construction,  and  the  same 
be  very  thoroughly  tamped  and  spaded  to  insure  slabs  free 
from  voids  and  stone  pockets.  To  aid  in  preventing  the 
formation  of  shrinkage  cracks  in  top  of  walls  at  least 
two  1 2  in.  diameter  bars  should  be  placed  near  the  top 
bent  to  lap  at  corners  with  bars  in  walls  at  right  angle 
to  one  in  question. 

Except  for  the  smallest  size  pits,  it  is  poor  economy  to 
use  less  than  12-in.  walls  and  floors  owing  to  the  diffi- 
culty of  waterproofing  thinner  slabs.  The  sidewalls  of 
the  pit  are  supported  at  the  bottom  by  the  pit  floor  and 
at  the  ends  by  the  walls  at  right  angles.  This  means 
that  they  can  be  reinforced  as  either  cantilever  walls  to 
resist  the  earth  pressure  (Fig.  1)  or  when  the  pits  are 
very  deep,  the  top  portion  of  the  side  wall  for  a  width  of 
a  foot  or  so  can  be  reinforced  as  a  beam  between  the 
walls  at  right  angles  to  it  and  the  slab  between  this  and 
the  pit  floor  reinforced  as  a  vertical  slab.  The  bottom  of 
pit  should  be  reinforced  between  sidewalls  as  a  slab  re- 
sisting the  upward  pressure  of  water  (if  the  pit  is  under 
hydrostatic  pressure)  and  these  bars  can  be  bent  up  into 
the  sidewalls  to  act  either  as  cantilever  reinforcement 
(Fig.  1)  or  for  vertical  slab  reinforcement  on  the  inside 
of  slab  between  bottom  and  the  assumed  beam  at  the  top 
(Fig.  2). 

Sometimes  the  tops  of  side  walls  are  anchored  to  the 
adjacent  floor  slab  in  lieu  of  reinforcing  the  top  portion 
as  a  beam,  but  this  action  is  rather  uncertain  and  any 
settlement  of  floor  or  pit  will  cause  unsightly  cracks  in 
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the  floor.  The  best  practice  seems  to  indicate  the  pit 
walls  should  be  built  up  to  the  level  of  the  top  of  the 
floor  slab  and  the  latter  separated  from  the  pit  walls  by 
an  expansion  joint  filled  with  asphaltic  cement,  thus 
allowing  the  floor  to  be  placed  at  any  convenient  time 
after  the  pit  is  completed. 

Elevator  Machinery  Floors. 

The  machines  for  operating  elevators  are  in  general 
placed  on  supports  spanning  the  shaft  at  some  distance 
(usually  3  to  4  ft.)  above  the  roof  line  of  the  building.  In 
the  great  majority  of  cases  structural  beams  are  used  as 
supports  for  the  elevator  machine  and  a  plank  floor  laid 
on  them  to  furnish  a  platform  for  workmen  inspecting  or 
repairing  the  machinery.  Sometimes  the  plank  floor  is 
omitted  and  a  protective  screen  of  wire  mesh  placed  be- 
low the  beams. 

In  fireproof  buildings  of  reinforced  concrete  it  would 
seem  more  logical  to  construct  the  elevator  machinery 
floors  of  a  fire  resisting  material  such  as  concrete,  or 
structural  steel  encased  in  concrete,  and  thus  avoid  the 
danger  of  the  elevator  machines  being  dropped  into  the 
basement  by  a  small  fire  starting  in  or  about  the  pent- 
house while  the  remainder  of  the  structure  might  be  un- 
harmed. 
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they  also  materially  cut  down  the  head  room  or  necessi- 
tate a  raise  in  the  level  of  the  floor  if  used.  Compare 
depth  of  floor  construction  shown  in  Fig.  5,  a  concrete 
floor,  with  that  in  Fig.  G.  Then,  also,  if  elevator  service 
is  desired  as  soon  as  possible  after  the  floors  of  the  build- 
ing have  been  completed,  the  machines  should  rest  on 
supports  which  can  be  placed  and  used  immediately.  Con- 
crete beams  must  cure  and  harden  for  a  few  weeks  before 
being  subjected  to  suddenly  applied  loads  producing  much 
impact,  and,  therefore,  where  speedy  completion  of  the 
elevator  plant  is  required  reinforced  concrete  is  out  of 
the  question,  at  least  for  the  main  members  of  the  floor. 
Structural  steel  beams  can  be  quickly  set  in  place,  the 
elevator  machine  blocked  up  on  them,  and  the  reinforced 
concrete  floor  slab  and  the  encasement  of  the  beams 
poured  at  .any  time  thereafter  in  forms  suspended  direct- 
ly from  the  steel  beams  without  other  support,  except  for 
very  long  sp;lns  between  beams.  Herein  lies  one  point 
of  economy  over  the  floor  with  reinforced  concrete  beams, 
which  when  poured  must  he  supported  from  below  by 
costly  centering  and  formwork  spanning  the  elevator 
shaft.  Of  course  this  economy  will  not  always  be  ap- 
parent in  the  bids  on  a  large  job,  for  this  item  is  a  very 
small  percentage  of  the  total  cost  of  the  building.  Never- 
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Fig.  1 — Elevator  Pit  Sidewalls  Reinforced  as  Cantilever  Walls.  Fig.  2 — Elevator  Pit  with  Sidewalls  Reinforced  as  Vertical  Slabs.  Fig. 
3 — Concrete  Elevator  Machinery  Floor,  Built  as  Part  of  Main  Roof.  An  Economical  Construction  Possible  Only  Where  Upper  Story  is  High. 
Fig.  A — Elevator  Machinery  Floor  of  Steel  Beams  Covered  With  Concrete  Slab.  Fig.  5 — Reinforced  Concrete  Beams  ind  Slab  for  Elevator 
Machinery   Floor.      Fig.  6 — Typical   Layout  for  Structural   Steel   and   Concrete   Elevator   Machinery   Support. 

theless,  the  writer  has  found  by  careful  comparative  esti- 
mates made  on  machinery  floors  with  layouts  of  machines 
and  openings  giving  the  reinforced  concrete  floor  its  most 
favorable  arrangement,  that  a  concrete  floor  on  struc- 
tural steel  I-beams  or  channels  would  cost  the  same  or 
even  less,  to  say  nothing  of  the  advantages  gained  in 
speed  of  erection,  saving  in  headroom  in  the  elevator 
shaft  and  ease  of  erecting  the  elevator  machinery  on 
steel  beams  before  placing  the  floor  as  compared  with 
placing  it  afterward  as  is  the  case  where  reinforced  con- 
crete supports  and  floors  are  used. 

A  typical  elevator  machinery  floor  detail  is  shown  in 
P^ig.  6.  The  main  supporting  beUms  consist  of  pairs  of 
channels  set  back  to  back  with  space  enough  between  to 
allow  placing  the  anchor  bolts  for  the  machine  with  wash- 
ers on  the  underside.  This  allows  very  accurate  setting 
and  leveling  of  the  machine  and  a  more  convenient  layout 
of  openings  in  the  floor  for  cables,  counterweight  guides, 
etc.,  because  of  the  relatively  small  width  taken  up  by  the 
structural  beams  as  compared  with  those  of  concrete. 
When  setting  up  the  machine,  it  is  lilocked  so  that  the 
concrete  slab  should  be  reinforced  transversely  between 
the  supporting  beams  and  the  side  walls  on  a  corbel  or 
better  still  a  6  or  8  in.  bearing  on  the  penthouse 
walls.  On  account  of  the  heavy  concentrations 
an, the  fact  that  the  slab  will  tend  to  act  as  a  contin- 
uous   beam    over   the    steel    beams,    it    is    essential    that 
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Just  which  type  of  floor  will  prove  the  most  economi- 
cal for  any  given  case  depends  upon  the  size,  speed  and 
capacity  of  elevator,  the  arrangement  of  the  machinery 
and  time  of  placing  the  floor  with  respect  to  completion 
of  the  remainder  of  the  building. 

For  comparatively  small  elevators  in  buildings  with 
high  story  heights  which  will  allow  placing  the  elevator 
machinery  floor  at  the  same  level  as  the  roof,  reinforced 
concrete  may  be  used  to  good  advantage,  unless  the  ar- 
rangement of  holes  in  the  floor  is  such  as  to  make  the 
main  support  members  very  narrow  and  deep.  An  ele- 
vator machinery  floor  of  this  type  is  shown  in  Fig.  3.  The 
roof  construction  is  of  the  flat  slab  type  (two  way  rein- 
forced) with  the  portion  of  the  slab  supporting  the  eleva- 
tor machinery  and  the  penthouse  walls  deepened  sufli- 
ciently  to  make  up  the  resisting  moment  required  to  sup- 
port the  additional  loads  imposed.  The  slab  being  built 
as  a  monolithic  portion  of  the  main  roof,  considerable 
advantage  is  gained  due  to  continuous  beam  action,  which 
is  not  the  case  when  the  machinery  floor  is  raised  some 
distance  above  the  roof,  thus  making  all  beams  and  slabs 
simply  supported. 

For  (Complicated  machinery  layouts  requiring  skewed 
setting  of  beams  similar  to  that  shown  in  Fig.  4,  rein- 
forced concrete  is  not  economically  adapted  since  the 
loads  are  usually  concentrated  at  points  where  the  floor 
is  pierced  with  various  openings  making  the  economic 
design  of  concrete  beams  to  carry  the  loads,  impossible. 
The  larger  the  elevator  and  the  higher  the  speed  at  which 
it  operates,  the  greater  the  loads  (and  hence  im- 
pact) to  be  carried  by  the  machinery  floor  and  also  the 
difficulties  attendant  with  the  design  of  concrete  beam 
and  slab  floors.  Where  there  is  only  a  width  of  a  few 
inches  between  openings  with  heavy  concentrations  on 
the  slab  nearby,  structural  steel  beams  present  prac- 
tically the  only  satisfactory  solution  of  the  problem  of 
design  of  main  supports  of  the  elevator  machine,  for  very 
narrow   and    deep   concrete   beams   are    impractical,    and 


12 
be  placed  in  top  of  slab  at  such  points.  The  slabs  should 
l)e  designed  to  carry  not  the  elevator  machinery,  the  load 
from  which  goes  directly  to  the  steel  beams  on  account  of 
their  location  directly  under  the  same,  but  a  live  load  of 
'from  150  lb.  to  200  lb.  per  square  foot  of  surrounding 
floor,  depending  upon  the  weight  of  machine  parts  which 
may  be  handled  thereon.  Owing  to  the  fact  that  the 
loading  may  be  non-uniform,  and  concentrated,  it  is  well 
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to  provide  reinforcement  in  bottom  of  slab  to  resist  a  mo- 
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ment,  M  = . 
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For  this  same  reason  the  slab  should  be  made  some- 
what thicker  than  actually  required  for  the  most  eco- 
nomical percentage  of  steel.  It  should  be  remembered 
that  in  special  structures  of  this  type  it  does  not  pay 
to  save  a  few  pounds  of  steel  or  cubic  feet  of  concrete 
by  making  assumptions  which  do  not  provide  for  unusual, 
but  plausible  conditions  of  loading.  At  least  0.3  per  cent 
of  distributing  steel  should  be  placed  in  the  bottom  of  the 
slab  parallel  to  the  beams. 

The  steel  beams  should  be  designed  to  carry  the  loads 
indicated  on  the  elevator  manufacturer's  layout,  doubled 
to  provide  for  impact,  and  the  proper  proportion  of  the 
dead  and  live  load  of  slab,  with  bearing  plates  at  ends  to 
distribute  the  load  over  a  portion  of  the  pehthouse  walls. 
Before  encasing  the  beams  they  should  be  wrapped  with  a 
wire  mesh  or  netting  to  give  a  bond  for  the  fireproofing. 
The  top  of  beams  if  placed  at  a  level  1  in.  above  bottom 
of  the  floor  slab  furnish  a  support  for  the  lower  slab  bars. 


SPECIAL  DESIGN  OF  LOG  TRUSS  BRIDGE. 

Log  truss  bridges  of  special  design  have  been  con- 
structed in  Uinta  County,  Utah,  by  the  State  Road  Com- 
mission, of  which  E.  R.  Morgan  is  engineer.  These 
bridges  were  erected  in  localities  where  concrete  and 
steel  were  extraordinarily  expensive  on  account  of  the 
remoteness  from  the  railroad  and  where  stone  and  logs 
could  be  obtained  locally.  A  special  design  was  prepared 
so  that  the  logs  could  be  handled  in  the  round  and  so 
the  iron  parts  could  be  forged  locally  instead  of  having 
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Details   of   Log   Truss   Bridge. 

to  be  cast  and  shipped  to  the  site,  as  is  necessary  for  the 
standard  wood  truss  bridge.  The  bridges  are  erected  on 
stone  abutments.  Details  of  the  joints  for  these  special 
log  truss  bridges  are  shown  in  the  accompanying  sketch. 
The  iron  parts  required  include  the  following: 

BILL.  OF  IRON   FOR   ONE   LOG   QUEETNrrTRUSS. 

4 — 1%"  rods,  9'  2"  long,  with  6"  upset  end  threaded. 

S — Hexagonal  nuts  for  same. 

4 — ^"   bent   plate  washers   (see   sketch). 

4 — I4"x4"xl0"  plate   washers   (see  sketch). 

4 — ^4"xl2"xl3"  plate  washers   (see  sketch). 

4 — %"xS"x9"  plate  washers  (see  sketch).  ' 

4 — V2"x3"  s'trap  iron  stirrups  (see  sketch). 

4 — %"xri"   holts    (with   washers). 

8 — %"x>^'-"  liolts  (one  washer  S(].). 

,S — ^''xlS"   bolts   (no  washers). 
\U — l"x27"  bolts   (with  w.-ishers). 

.S — l"x23"  bolts  (with  washers). 
21 — ?i"xl5"  bolts   (with  washers). 

4 — %"  C.  I.  washers,  2"  thick. 

BILL  OF  IRON  FOR  ONE  iX)G  KINGzrTRUSS. 

2 — 1%"  rods.  S'  7"  long,  with  6"  upset  and  threaded. 

4 — Hexagonal  nuts  for  same. 

2 — W  bent  plate  washers  (see  sketch). 

2 — \4"x6"xlO"  plate  washers  (see  sketch). 

2 — ^4"xl2"xl.'i"  plate  washers  (see  skeichV 

2 — ^4"xS"x9"   plale  washers  (see  sketch K 

4 — M;"x3"  strap  iron  stirrups   (see  skelohi. 

J  — ^"xl7"  l)oUs   (with  was-hers). 

S— '4"x]8"  bolts  (no  w.-.shers). 

f^ — r'x27''  bolts  (with  washers). 


ENGINEERING 
'  AND      CONTRACTINC; 

COMPARATIVE   COSTS   FOR   CONCRETE   AND 
TIMB.-^R  FACTORY  BUILDINGS. 

The  National  Luiiiber  Manufacturers'  Association  early 
in  September  issued  as  a  technical  letter  a  paper  prepared 
by  F.  E.  Davidson,  architect  and  engineer,  Chicago,  111. 
In  his  paper  Mr.  Drvidson  discusses  the  economics  of  con- 
crete and  timrjei  factory  building  and  gives  comparative 
costs  of  the  two  types  in  a  specific  case.  Mr.  Davidson's 
paper  is  given  belcw  and  following  it  is  a  statement  by 
Mr.  T.  L.  Condron. 

Economics  of  Concrete  and  Timber  Factory  Buildings. 

By  F.   E.  Davidson. 

I  have  as  architect  designed  and  superintended  the  con- 
struction of  a  great  many  manufacturing  plants,  both  of 
fireproof  construction  and  of  the  type  known  as  standard 
mill,  and  based  upon  the  actual  construction  costs  the  in- 
creased cost  of  a  strictly  fireproof  manufacturing  build- 
ing is  from  25  to  3.5  per  cent  greater  than  the  actual  first 
cost  of  an  exactly  similar  standard  mill  building.  In  con- 
sidering these  costs  I  have  included  everything  absolutely 
necessary  to  complete  the  building  ready  for  the  owner's 
occupancy;  that  is,  the  heating,  lighting,  elevators,  power 
wiring,  lighting  fixtures,  sprinkler  equipment,  window 
shades,  window  screens,  etc.,  are  all  included  in  the  cost 
of  both  typ3s  of  construction.  It  is,  of  course,  manifest 
that  the  actual  cost  of  many  of  the  items  of  construction 
will  be  practically  identical  for  either  type  of  building. 
I  have  designed  standard  mill  factory  buildings  in  Chi- 
cago that  have  cost,  complete,  including  all  of  these  vari- 
ous items,  less  than  7  ct.  a  cubic  foot,  but  I  have  never 
been  able  to  secure  the  construction  of  a  fireproof  build- 
ing including  all' of  these  items  of  cost  for  less  than  11  ct. 
a  cubic  foot,  nor  do  I  know  of  any  accurate  data  show- 
ing any  lower  costs  than  those  noted  above. 

Depreciation. — When  depreciation  charges  are  consid- 
ered I  have  always  recommended  that  a  depreciation 
charge  of  S^L'  per  cent  per  year  be  charged  against  a 
standard  mill  building,  and  that  a  depreciation  charge  of 
2^2  per  cent  per  year  be  charged  against  an  absolutely 
fireproof  buiWing.  This,  of  course,  shows  a  slight  ad- 
vantage in  favor  of  fireproof  construction,  considering  de- 
preciation only. 

Maintenance  Charges. — As  to  maintenance  charges:  It 
is  of  course  evident  that  as  much  outside  painting,  and 
in  fact  as  much  interior  painting  and  calcimining  or 
whitewashing,  will  be  required  for  a  fireproof  building  as 
for  a  building  of  standard  mill  construction.  Practically 
the  only  thing  which  wears  and  must  be  replaced  in  a  mill 
building  is  the  finished  flooring,  and  I  do  not  know  of  any 
accurate  records  of  maintenance  cost  of  a  standard  mill 
building  which  will  average  more  than  three-fourths  of 
1  per  cent  per  year.  Yet,  on  the  other  hand,  I  do  not 
known  of  any  records  of  the  maintenance  charges  on  fire- 
proof buildings  which  will  average  less  than  one-half  of 
1  per  cent  per  year. 

Insurance  Rating. — As  to  insurance  ratings:  Every 
architect  and  engineer  of  course  knows  that  a  standard 
mill  sprinklered  building  is  given  a  much  lower  insurance 
rating  than  an  absolutely  fireproof  building  if  unsprin- 
klered.  And  even  if  the  fireproof  building  is  sprtnklered 
the  difference  in  the  actual  ratings  between  a  standard 
mill  sprinklered  factory  and  a  standard  fireproof  sprin- 
klered factory,  with  the  ordinary  occupancy,  will  only 
amount  to  about  10  ct.  per  $1,000  per  year  on  the  insurable 
value  of  the  building.  These  insurance  figures  can  be 
verified  by  any  one,  and  I  do  not  believe  that  any  one  will 
dispute  them. 

Advantages  of  Standard  Mill  Construction.— Thus,  con- 
sidering first  cost,  depreciation,  maintenance  and  insur- 
ance only,  the  argument  is  all  in  favor  of  the  standard 
mill  building,  and  when  I  refer  to  a  standard  mill  build- 
ing I  mean  a  building  designed  by  a  thoroughly  competent 
industrial  architect,  who  will  enclose  all  stairs  and  ele- 
vators with  brick  masonry  walls  and  have  the  openings 
to  same  protected  with  automatic  fire  doors,  and  with  all 
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■  windows,  with  the  possible  exception  of  street  frontages, 
of  sheet  metal  and  glazed  with  wired  glass,  and  with  no 
unprotected  vertical  openings  between  any  floors  in  the 
building.  These  are  items  which,  more  than  any  others, 
aiTect  insurance  ratings  on  any  building. 

There  are  in  addition  to  the  questions  above  noted  some 
additional  arguments  in  favor  of  the  standard  mill  factory 
building.  One  of  the  principal  ones  which  have  recently 
been  brought  to  the  writer's  attention  is  the  fact  that  a 
skilled  artisan  will  not  work  if  compelled  to  stand  on  a 
concrete  floor,  if  he  can  secure  employment  at  equal  wages 
in  a  standard  mill  building.  Many  owners  of  fireproof 
buildings  have  had  trouble  in  keeping  help,  due  to  this 
reason  only  and  in  some  fireproof  factories  it  has  been 
necessary  to  cover  the  concrete  floor  with  a  layer  of  as- 
phalt, or  to  place  cork  carpet  or  wood  thereon,  in  order  to 
render  the  factory  "habitable." 

There  is  yet  another  argument  in  favor  of  the  stand- 
ard mill  building,  which  in  any  large  city  should  be  given 
serious  consideration,  and  that  is  the  salvage  value  of 
the  building  itself.  We  all  know  that  a  standard  mill 
building  can  be  wrecked,  and  if  the  work  is  carefully  done 
all  the  structural  material  can  be  used  in  another  struc- 
ture, whereas  in  wrecking  a  concrete  structure  there  is  no 
salvage.  In  fact,  1  have  been  quoted  by  one  of  the  larg- 
est contracting  firms  in  Chicago  a  price  for  the  wrecking 
of  a  monolithic  concrete  building  which  amounted  to  a 
trifle  more  than  one-half  of  the  original  cost  of  the  build- 
ing, and  our  American  cities  are  growing  so  rapidly  that 
it  would  indeed  be  a  courageous  investor,  or  at  least  one 
blessed  with  a  prophetic  vision,  who  could  predict  as  to 
what  particular  use  a  certain  piece  of  propertv  would 
be  best  adapted  for  twenty-five  or  thirty  years  iri  the  fu- 
ture. 

A  Specific  Case.— In  order  that  the  statement  in  regard 
to  comparative  costs  made  above  may  be  brought  to  a 
definite  basis,  a  specific  case  will  be  given  in  detail. 

Tables  I  and  II  that  follow  represent  the  lowest  pro- 
posals received  by  my  ofllce  on  a  building  to  be  erected 
for  Walter  E.  Olson,  of  42  South  Laflin  St.,  Chicago.  Mr. 
Olson,  whose  business  is  rug  manufacturing,  decided  to 
build  an  addition  to  his  present  factory  and  at  first  pur- 
posed erecting  the  addition  of  reinforced  concrete. 

With  this  idea  in  view  plans  and  specifications  were 
drawn  for  a  concrete  structure,  the  Condron  Co.,  struc- 
tural engineers  of  Chicago,  doing  the  engineering  work. 
After  these  plans  were  made  the  owner  decided  to  find  out 
what  a  standard  mill  building  would  cost  him,  with  the 
result  that  another  set  of  plans  and  specifications  was 
prepared  by  Davidson  &  Weiss,  architects,  Chicago,  and 
bids  were  taken  on  both  sets  of  plans,  which  amounted  to 
practically  duplicating  the  contemplated  concrete  build- 
ing in  mill  construction  as  nearly  as  it  is  possible  to 
have  uniformity  of  design  between  the  two  types. 

The  figures  that  follow  are  self-explanatory: 

T.\BLE    I. 

C^pc^l!:^^^;^'^;^:,^^'"'''''"'  «""  ^"^"^  •"^'■^'•"■■>-  complete.. $15,8S4 

MisceManeous  c-jncrete,  includiiiK  llreproof  stairs.;;!!; sii? 

Structi:;  il  steel  and  miscellaneous  iron 7  l=n 

Sheet  metal '■iZ'i 

Cut   stone    '. Ip 

Uoofins    i , - 

Glazing ;;.;;;;;;;;:;;;;;;;;;■••: ,lix 

.steel  .sash    |-7,2 

Fire  doors M^^ 

Kire  escapes .^:y^:::v:^ .:::.::.:.:/::::  ■. lf^t 

Paintmg    ^-il,-' 

Plumbing     ....  i"" 

Klectric  wiring    '.'.['.'. ,  V/in 

I'lastering ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;:;;;;;;;;'     tt 

Total    tro  loq 

Kxclusive  of  heating  and  sprinkler  etiulpment.' ' 

General  Data  on  Building.— The  building  is  55  ft.  lU 
in.  by  124  ft.  7' 2  in.  in  area,  six  stories  and  basement, 
and  contains  598,477  cu.  ft.  The  story  heights  are  in  gen- 
eral 13  ft.  6  in.  floor  to  floor.  The  tvpical  bavs  of  the 
building  are  18  ft.  by  17  ft.  10  in.  The  structure  was  de- 
signed for  a  live  load  of  150  lb.  per  square  foot  in  ac- 
cordance with  the  requirements  of  the  Chicago  Building 
Code,  which  limits  the  stresses  in  long  leaf  Southern  pine 
to  1,300  lb.  per  square  inch  in  bending  and  1,100  lb.  per 
square  inch  in  direct  compression  with  the  grain. 
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The  floor  girders  are  composed  of  two  10-in.  by  18-in. 
timbers  bolted  together,  and  the  floor  joists  or  beams  are 
8  in.  by  16  in.  located  4  ft.  6  in.  center  to  center.  The 
girders  are  carried  on  .steel  post  caps  of  the  writer's  own 
design.  The  floor  construction  is  a  3-in.  tongued  and 
grooved  flooring  finished  with  a  "^-in.  maple  wearing 
surface. 

This  building  is  an  addition  to  an  existing  factory,  and 
it  was  necessary  to  u.se  cantilever  foundations  for  the  en- 
tire structure.    This,  of  course,  is  true  for  either  design. 

The  timber  specified  in  the  contract  was  to  be  of  the 
select  structural  grade  as  per  the  new  grading  rules  of 
the  Southern  Pine  .Association.  The  cost  to  the  con- 
tractor in  this  particular  building  at  the  site  was  as  fol- 
lows: Approximately  $34.50  per  thousand  for  the  18-in. 
stock  and  $33  per  thousand  for  the  16-in.  stock. 

Mill  Construction  Cost  Per  Cubic  Foot.— On  the  basis 
of  598,477  cu.  ft.,  the  cost  of  the  building  complete  as 
shown  from  the  total  cost  given  above,  exclusive  of  heat- 
ing, sprinkler  and  architects'  fees,  is  8:!4  ct.  per  cubic 
feet.  In  figuring  the  cubical  contents  the  space  from  the 
bottom  of  the  footings  to  the  top  of  parapet  wall  is  in- 
cluded. 

Reinforced    Concrete    Cost    Per    Cubic    Foot.— For   the 

same  building  proposals  were  taken  on  the  monolithic  flat 
slab  concrete  design  and  the  lowest  proposals  presented 
were  as  follows: 

t.\bl,f;  II. 

I;oun.iai,on.s,  reir.forccd  c,oncrete,  masonry  and  carpenter  work.  .$55,941 
t* I icc t  n ici It  1...,. ......  19C 

rut  stone ii? 

Kciofiiii;    ip 

ohivAnh ;;;;;;;;;;;;;;;;;;;;;■; i]ti 

Sleel   sash    Vli'L 

F:re  doors    s'^fio 

Fire  escapes   ". ,  'i^i 

l-.iinlins    ^•fiS 

I'luinliing .J25 

I'.ieciric  Miring ;;;;;;;; i  •>5o 

I'lastering    ■  V. ...  .W  ....]..[.].]] .  '"90 

"I""'"'    $68,059 

Kxclusive  of  healing  and  sprinkler  ciiuipment. 

The  cubic  contents  of  reinforced  concrete  design  on  the 
same  basis  as  cubic  contents  for  the  timber  design  equal 
585,467  cu.  ft.  Thus  the  total  estimated  cost  of  building, 
e.xclusive  of  heating,  sprinkler  and  architects'  fees,  would 
be  ll'o  ct.  per  cubic  foot,  and  the  difference  in  first  cost 
of  the  two  designs,  exclusive  of  heating,  sprinkler  and 
architects'  fees,  is  $15,921. 

Summary. — The  concrete  design  was  made  as  inexpen- 
sive as  possible  and  provided  for  the  use  of  high  carbon 
steel  reinforcing  material,  and  in  other  ways  costs  were 
cut  as  much  as  possible,  in  spite  of  which  fact  there  was 
a  difference  of  2-U  ct.  per  cubic  foot  in  the  cost  of  the 
two  types  of  construction. 

In  this  instance  it  will  be  noted  that  the  cost  of  the 
concrete  structure  would  have  been  about  30  per  cent 
more  than  the  cost  of  the  mill  building,  and  this  saving 
to  the  owner  was  effected  in  addition  to  the  advantages 
he  gained  in  the  matter  of  quick  erection,  etc.  The  in- 
surance rate  is  the  same  on  the  standard  mill  building  as 
it  would  have  been  on  the  concrete  structure. 


Statement  by  T.  L.  Condron. 

The  -Technical  Letter  No.  6,"  issued  by  the  National 
Manufacturers'  Association,  entitled,  "Economics  of  Con- 
crete and  Timber  Factory  Buildings,"  by  Mr.  F.  E.  David- 
son, has  just  been  brought  to  the  writer's  attention,  in 
which  it  is  shown  that  the  bids  received  for  a  particular 
building  indicated  that  reinforced  concrete  construction 
would  cost  about  30  per  cent  more  than  ".standard  mill" 
construction.  As  our  company  is  referred  to  as  having 
prepared  the  plans  for  the  reinforced  concrete  building 
used  in  this  basis  of  comparison,  we  believe  you  will  be 
interested  in  some  later  data  from  us  on  this  very  inter- 
esting subject,  which  shows  that  for  a  factory  building 
for  the  Imperial  Brass  Mfg.  Co.  the  bids  received  for  the 
concrete  construction  ran  only  17  per  cent  above  the  cost 
for  the  mill  construction  for  the  same  building,  or  only 
4  per  cent  more  than  the  cost  of  the  mill  con.struction  of 
the  building  cited  by  Mr.  Davidson. 

In  all  of  these  comparisons  the  cost  of  heating,  sprin- 
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kler  and  elevator  equipment  and  plumbing  lixtures  has 
been  omitted,  and  it  is  obvious  that  if  the  cost  of  these 
equipments,  which  may  be  assumed  at  28  ct.  per  square 
toot  of  floor  surface  for  either  type  of  building,  be  added 
to  the  cost  per  square  foot  shown  by  the  bids  received 
the  percentage  of  additional  cost  of  concrete  over  mill 
construction  will  be  reduced.  Making  this  addition  in  all 
cases  the  reinforced  concrete  construction  of  the  Imperial 
Brass  Co.  building  is  shown  to  be  14  per  cent  more  than 
for  standard  mill  construction  for  the  same  building,  or 
only  3  per  cent  more  than  the  cost  of  the  mill  building 
cited  by  Mr.  Davidson'. 

These  comparisons  are  even  more  instructive  when  it 
is  noted  that  the  Imperial  building  was  designed  for 
heavier  live  loads  per  square  foot  than  the  Olson  building 
cited  by  Mr.  Davidson,  and  that  the  bids  for  the  Imperial 
building  for  standard  mill  construction  totaled  11  per' 
cent  less  per  square  foot  of  floor  than  in  the  case  of  the 
Olson  building,  showing  that  our  design  for  standai-d 
mill  construction  meets  the  requirement  for  an  exceed- 
ingly economical  structure.  Our  designs  for  the  concrete 
construction  of  both  the  Imperial  and  the  Olson  buildings 
were  identical  so  far  as  type  and  unit  .stresses  were  con- 
cerned and  were  for  flat  slab  or  girderless  floor  construc- 
tion. 

Table  III  presents  all  the  figures  on  which  the  above 
comments  are  made  in  ready  form  for  comparison. 

It  is  perhaps  well  to  state  that  in  the  case  of  the  Olson 
building,  made  the  basis  of  the  comparison  by  Mr.  David- 
son (the  author  of  "Technical  Letter  No.  6"),  the  Condron 
Co.  was  engaged  as  consulting  engineers  by  Mr.  David- 
son, architect,  to  prepare  the  general  design  for  the  rein- 
forced concrete  construction  of  the  proposed  Olson  build- 
ing, and  Mr.  Davidson  prepared  the  architectural  plans, 
including  the  general  layout  for  both  the  concrete  and 
mill  buildings. 

The  specifications  and  general  instructions  to  bidders 
for  both  constructions  were  issued  by  Mr.  Davidson  and 
after  the  concrete  plans  were  started  and  fairly  well  ad- 
vanced, but  before  bids  were  called  for,  the  architect  in- 
formed us  that  the  owner  had  decided  to  abandon  the  idea 
of  a  concrete  building  and  to  build  of  "mill  construction." 
We  suggested  that  since  the  concrete  plans  were  so  far 
advanced  it  would  be  interesting  and  perhaps  instructive 
to  get  comparative  bids.  This  was  done  and  the  results 
have  proved  interesting  but  we  think  they  are  not  espe- 
cially instructive.  The  column  spacing  was  modified  in 
making  up  the  mill  design,  changing  the  spans  from  21 
ft.  0  in.  (concrete  design)  to  17  ft.  10  in.  (mill  design). 

At  the  time  the  bids  were  called  for  on  the  Olson  build- 
ing the  plans  for  the  Imperial  Brass  Co.  building  w-ere 
underway  in  our  office  and  in  this  case  the  owner  desired 
bids  on  both  concrete  and  mill  construction.  The  Imperial 
building  was  to  be  an  addition  to  a  standard  mill  build- 
ing located  in  the  same  neighborhood  as  the  Olson  build- 
ing, and  after  the  bids  were  received  the  owner  decided 
to  have  the  addition  built  of  standard  mill  construction, 
notwithstanding  the  small  difference  in  cost;  and  doubt- 
less one  of  the  factors  in  arriving  at  this  decision  was  the 
greater  ease  in  tearing  down  a  mill  building  provided  it 
was  found  desirable  to  change  the  character  of  the  im- 
provement within  a  comparatively  few  years. 

Attention  has  been  called  to  the  objection  of  skilled 
artisans  working  upon  concrete  floors  instead  of  wooden 
floors.  As  you  doubtless  know,  many  reinforced  concrete 
buildings  are  provided  with  maple  wearing  surfaces  to 
obviate  this  very  objection,  but  it  is  worth  while  to  re- 
member in  this  connection  that  the  Ford  Motor  Co.,  with 
several  hundred  acres  of  floor  space  devoted  to  factory 
purposes  and  employing  many  thousands  of  skilled  arti- 
sans, has  adopted  concrete  construction  for  all  of  its 
buildings,  and  has  used  on  all  its  later  buildings  cement 
finish  floors  rather  than  wooden  w^earing  surfaces.  This 
is  also  true  of  practically  all  of  the  automobile  factories 
throughout  the  U.  S.  and  there  seems  to  be  a  growing 
preference  for  Concrete  floors  over  wooden  floors,  espe- 
cially in  machine  shops.     The  trouble  with  working  on 


concrete  floors  is  largely  imaginary  in  buildings  that  are 
heated.  It  is  true  that  in  unhealed  buildings,  stone  and 
concrete,  being  better  conductors  than  wood,  are  cold  to 
the  feet  and  therefore  unpleasant  to  work  on. 

The  equipment  of  buildings  with  sprinklers  seems  to 
the  writer  to  be  quite  as  important  in  concrete  construc- 
tion as  in  mill  construction,  because  the  contents  of  build- 
ings are  usually  not  fireproof  even  if  the  building  con- 
struction itself  is  fire  resisting  and  we  have  seen  serious 
conflagrations  spread  throughout  so-called  fireproof  build- 
ings fed  only  by  the  inflammable  contents.  And  in  these 
cases  the  fires  would  have  been  almost  insignificant  had 
the  buildings  been  equipped  with  sprinklers. 

With  reference  to  the  "prophetic  vision"  necessary  to 
know  what  kind  of  building  will  be  required  in  any  lo- 
cality in  the  future,  there  is  no  question  but  what  a  first- 
class  reinforced  concrete  building  six  or  eight  stories 
high  with  wide  column  spacing  will  serve  any  and  all 
purposes  for  which  buildings  may  be  required  so  long  as 
men  carry  on  pursuits  in  structures  protecting  them  from 
the  weather. 

The  Imperial  Brass  Co.  building  that  has  been  re- 
ferred to,  and  w^hich  is  now  under  construction,  is  85  ft. 
by  125  ft.  in  area,  6  stories  and  basement,  and  has  74,000 
sq.  ft.  of  floor  space.  The  cubical  contents  measured  in 
the  same  manner  as  adopted  for  the  Olson  building  are 
972,000  cu.  ft.  for  the  standard  mill  construction  and  993,- 
400  cu.  ft.  for  the  reinforced  concrete  construction,  the 
difference  in  cubical  contents  being  due  to  the  greater 
depth  of  foundations  for  the  concrete  construction.     The 
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Comparison   of   Bids   for   a  Factory   Building  of    "Standard   Mill 
Reinforced  Concrete. 


4.479 

725 

1,250 

$(i8.059 
$1.51 
129% 

Olson  Building. 

T\'pc   of  construction Mill.  Cone. 

Total  floor  areas  in  sq.   ft 44,500  45,000 

il.'isonrv  (brick,  stone  and  con- 
crete)'      $20,256         $56,766 

Ornamental  and  miscl.  iron,  etc..   11,989  4.S39 

Carpentry     14,374 

Steel  sash,  glazing,  painting,  roof- 
ing, etc 3,804 

Plumbing   (drainage)    615 

^^•iring    . 1.100 

Totr.l  of  bids  received $52,13S 

Per  so.   ft.   of  floor  areas $1.17 

Relative  costs  per  sq.  ft 100% 

Relative  costs  per  sq.  ft 

.^dding  '^Sc  per  sq.  ft.  of  floor  area 

to  cover  cost  of  sprinkler,  heat- 

insr     and      elevator      equipment 

and   plumbing  fixtures $1.45  $1.79 

Relative  costs  per  sq.   ft 100%  124% 

Relative   costs   per  sq.    ft 

Per  cubic  foot  of  building S>,4c  Jl%c 

Relative  costs  per  cu.  ft 100%  132% 

Relative  costs  ber  cu.  ft 

.\dding  2c  per  cu.   ft.   of  building 

to  cover  cost  of  sprinkler,  heat- 

\ua:  and  elevator  equipment  and 

plumbing   fixtures    10%c  13%c 

Relative  costs  per  cu.  f t 100%  126% 

Relative  costs  per  cu.  ft 

•Estimates  of  wiring  only. 


Imperial  B 
Mill. 
74,000 

$31,097 
13.250 

23,500 

6,069 

1,536 

•1,830 


$1.04 

89% 

100% 


$1.32 
91% 

100% 

Sc 

94% 

100% 


and 

uilding. 
Cone. 
74,000 

$S0,000 


10c 

95% 

100% 


6,883 

1.569 

♦2,060 

$90,479 
$1.22 
104% 
117% 


$1.50 
103% 
114% 
9^c 
107% 
114% 


ll%c 

106% 

112^4% 


typical  bays  of  the  standard  mill  construction  are  18  ft. 
by  16  ft.  6  in.  and  for  the  reinforced  concrete  construc- 
tion 18  ft.  by  21  ft.  6  in.  The  structures  were  designed 
for  a  live  load  of  175  lb.  per  sq.  ft.  in  accordance  with 
requirements  of  the  Chicago  Building  Code. 

In  the  standard  mill  construction  the  floor  girders  are 
composed  of  two  8  in.  by  18  in.  timbers,  bolted  together, 
and  the  floor  joists  or  beams  are  8  in.  by  16  in.,  spaced 
4  ft.  6  in.  center  to  center.  The  girders  are  carried  on 
steel  post  caps  built  up  of  plates  and  angles.  The  floor 
construction  is  3-in.  tongued  and  grooved  yellow  pine 
flooring  with  Ts-in.  maple  wearing  surface.  The  timber 
specified  was  select  structural  grade  Southern  Pine  ac- 
cording to  the  specifications  for  Dense  Southern  Pine 
given  in  the  Southern  Pine  Association  Density  Rule  Book 
of  March  15,  1916.  No.  1  Douglas  fir  was  permitted  as 
an  alternate  for  the  above  yellow  pine. 

The  reinforced  concrete  design  called  for  an  8-in.  rein- 
forced concrete  slab  supported  by  flaring  column  heads, 
and  reinforced  concrete  round  columns. 

The  foundations  for  the  mill  construction  building  are 
the  usual  spread  type  except  that  cantilever  foundations 
are  required  on  the  side  adjacent  to  the  old  building. 
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DIAGRAM  FOR  OBTAINING  NUMBER  FEET  B.  M. 
IN  VARIOUS  TIMBERS. 

Contributed  by  W.   R.    Hoof. 

The  accompanying  diagram  affords  a  convenient  method 
for  obtaining  the  number  of  feet  board  measure  for  vari- 
ous sizes  of  timber.  The  operation  is  quite  simple  and 
hardly  requires  any  explanation.  The  following  example 
is  given  to  show  the  manner  in  which  the  chart  is  used: 
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Find  the  number  of  board  feet  in  a  piece  of  timber 
8  in.  X  10  in.  x  18  ft.:  First,  read  down  from  top  of  dia- 
gram on  line  corresponding  to  8-in.  width.  Second,  read 
to  right  from  left  hand  side  of  diagram  on  line  cor- 
responding to  10-in.  depth.  Third,  from  intersection  of 
these  two  lines,  follow  curve  until  it  intersects  horizontal 
line  corresponding  to  18-ft.  length.  Fourth,  from  this 
intersection  read  downward  to  bottom  of  diagram,  at 
which  place  the  number  of  board  feet  is  found  to  be  120. 


7  B         3 
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Diagram  for  Finding  Number  of  Board  Feet  in  a  Piece  of  Timber. 
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A  ItiO-FT.  WIDK  BKiUGK  AND  SOME  NOTES  ON 
THE  CONSTRUCTION  PLANT. 

A  160  ft.  wide  bridge  is  being  constructed  at  Ues 
Moine.s,  la.  The  structure  is  a  part  of  the  extensive  im- 
provements which  the  state  of  Iowa  is  making  in  the  dis- 
trict surrounding  the  Capitol. 

The  bridge  is  of  reinforced  concrete  of  the  semi- 
gravity  type  and  will  be  faced  with  Bedford  blue  cut 
stone.  The  width  from  hand  rail  to  hand  rail  will  be 
160  ft.,  and  the  length  from  face  to  face  of  abutment  will 
be  100  ft.  There  will  be  a  dirt  fill  carrying  a  driveway 
and  sidewalks,  between  which  will  be  grass  and  shrub- 
bery. The  bridge  spans  a  deep  cut  on  Court  Ave.  It  has 
been  designed  to  harmonize  with  the  local  conditions,  the 
idea  being  to  have  no  breaks  in  the  topography  of  the 
grounds  across  the  deep  cut. 

The  plant  used  in  the  erection  of  the  structure  has  a 
number  of  interesting  features.  The  materials  are  shipped 
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LAYING  CONCRETE  IN  FREEZING  WEATHER. 

In  order  to  have  the  Troy  Lock  completed  and  ready 
for  navigation  within  the  specified  time,  it  was  found  nec- 
essary to  carry  on  the  work  of  placing  concrete  in  the  lock 
during  the  winter  1914-1915.  A  description  of  the  various 
expedients  used  to  prevent  damage  to  the  concrete  from 
frost  is  given  by  Mr.  D.  A.  Watts,  assistant  engineer,  in 
the  November-December  Professional  Memoirs  of  the  U. 
S.  Corps  of  Engineers. 

When  the  temperature  fell  below  about  50°  F.,  the  sand, 
gravel  and  water  used  in  the  concrete  were  heated.  A 
steam  jet  placed  in  the  water  tank  of  the  concrete  mixer 
sufficed  to  heat  the  water.  The  sand  and  gravel  were 
heated  by  steam  jets  located  at  the  bottom  of  the  bins  of 
the  mixer.  The  steam,  escaping  upward  through  the  mass, 
made  this  method  very  effective,  even  when  the  mixer  was 
running  to  full  capacity.  When  running  slowly,  however, 
it  was  sometimes  necessary  to  reduce  the  supply  of  steam, 
as  it  made  the  concrete  too  hot  for  the  men  to  work  in 


Construction   Views   of  State    Bridge   on   Capitol    Grounds.    Des   Moines,    Iowa. 


in  and  spotted  on  a  spur  track  about  1,600  ft.  from  the 
mixing-  plant.  The  crushed  stone,  sand  and  gravel  are 
shoveled  into  Lee  unloaders  and  dumped  into  dump 
wagons.  Teams  are  employed  to  haul  the  materials  to 
the  mixing  plant  after  being  helped  up  the  hill  by  a  belt- 
driven  hoist  with  motor. 

A  clam  shell  is  employed  to  pick  the  materials  off  the 
pile  and  load  them  into  elevated  hoppers.  From  the  hop- 
pers the  stone  and  sand  are  drawn  off  into  a  measuring 
hopper  and  are  then  allowed  to  empty  by  gravity  into  the 
mixer  drum. 

The  cement  is  loaded  onto  an  elevator  platform  from 
the  cement  house  and  is  hoisted  to  the  mixer  platform  by 
means  of  a  small  drum  on  the  mixer.  The  mixed  concrete 
is  spouted  directly  into  the  forms. 

The  accompanying  views  reproduced  from  photographs 
taken  the  middle  of  last  September  will  give  an  idea  of 
the  status  of  the  work  at  that  time. 

The  bridge  was  designed  by  Mr.  E.  L.  Masqueray,  St. 
Paul,  Minn.  He  also  is  architect  for  the  work  of  improv- 
ing the  ground  around  the  Capitol.  The  Koss  Construc- 
tion Co.,  Des  Moines,  la.,  has  the  contract  for  constructing 
the  bridge.     The  contract  price  is  $68,000. 


the  forms  and,  in  confined  forms,  resulted  in  so  much 
vapor  that  the  men  could  not  see  properly. 

This  method  was  also  used  on  the  construction  of  the 
dam,  when  toward  the  end  of  the  working  season  the 
temperature  fell  below  moderate.  As  the  river  water  was 
shortly  to  be  allowed  to  flow  over  the  new  section  of  the 
dam,  it  was  necessary  to  harden  the  concrete  rapidly,  and 
this  method  proved  very  effective. 

When  the  temperature  fell  below  freezing,  additional 
precautions  were  taken.  Lighted  lanterns  were  placed  on 
top  of  the  green  monolith;  and  large  improvised  steam 
radiators,  made  of  a  few  coils  of  3-in.  pipe,  were  hung 
close  along  the  side  of  the  forming;  the  whole  was  then 
covered  with  a  paulin  and  so  left  for  about  48  hours.  Loss 
of  heat  by  radiation  from  steel  forms  is  much  greater  than 
from  wooden  forms. 

Concreting  was  carried  on  without  special  difficulty 
under  occasional  temperatures  not  far  from  zero,  and  the 
temperature  of  the  concrete  when  delivered  in  the  forms 
was  rarely  less  than  60'  F.  The  steam  coils  and  tar- 
paulins were  usually  kept  in  place  for  about  48  hours, 
when  the  concrete  had  set  sufficiently  to  allow  the  forms 
to  be  taken  down.  The  lifts,  or  thickness  of  courses,  ran 
from  3  or  4  to  about  10  ft. 

Difficulties  also  arose  from  the  surface  freezing  of  the 
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sand  and  gravel  storage  piles,  on  which  the  cold  would 
sometimes  produce  a  frozen  crust  of  a  foot  or  more,  ham- 
pering the  operation  of  the  excavating  bucket.  This  was 
overcome  by  using  steam  pokers,  consisting  of  I'i-in. 
steam  pipe,  about  10  ft.  long,  pointed  at  one  end  and  hav- 
ing a  few  small  holes.  Two  or  three  of  these  would  be 
worked  into  the  storage  pile  over  night  near  its  base,  its 
surface  being  covered  with  tarpaulins.  The  e.xpenditure 
of  a  very  small  amount  of  steam  would  heat  by  morning 
all  the  material  within  several  feet  of  the  pokers,  and 
melt  all  the  adjacent  frozen  crust. 


A  4.700  FT.  CONCRETE  BRIDGE. 

Bids  were  opened  last  month  for  the  construction  of  prob- 
ably the  longest  concrete  bridge  built  up  tothe  presenttime 
in  the  South.  The  structure  will  extend  across  Charlotte 
Harbor,  between  the  towns  of  Charlotte  Harbor  and  Punta 
Gorda,  Florida.  It  will  form  a  very  important  link  in  one 
of  the  principal  highways  of  the  state — the  Tamana  Trail 
— which  connects  the  east  and  west  coasts  by  a  road  across 
the  southern  portion  of  Florida  through  the  Everglades, 
the  route  originating  at  Tampa  and  terminating  at  Miami. 
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The  wall  will  be  tied  to  anchors  located  10  ft.  to  20  ft.  c. 
to  c,  depending  upon  the  height  of  the  wall.  The  sheet 
piling  will  be  driven  to  a  depth  of  approximately  3  ft.  to 
5  ft.  below  the  ground  level. 

The  depth  of  water  at  the  point  of  crossing  for  the 
bridge  proper  ranges  from  5  ft.  to  7  ft.  below  low  tide. 
F'or  the  causeway  portion  the  depth  ranges  from  0  to  3 
ft.  The  supporting  piles  will  be  driven  to  a  depth  of  ap- 
proximately 10  ft.  to  12  ft.  below  the  bed  of  the  channel. 

A  typical  cross  section  of  the  bridge  is  shown  in  the  il- 
lustration. The  piles  will  be  spaced  7  ft.  centers  and 
each  bent  will  be  25  ft.  in  length.  The  plans  for  this 
bridge  were  prepared  by  the  H.  S.  Jaudon  Engineering 
Co.,  Savannah,  Ga.,  and  the  work  is  being  handled  from 
their  Barlow,  Fla.,  office.  The  structure  is  to  be  built  for 
the  Charlotte  Harbor  Special  Road  and  Bridge  District  of 
De  Soto  County,  Florida. 


CONCRETING    PLANT    FOR   CONSTRUCTION    OF 

ROSALIA,  WASH.,  BRIDGES  OF 

C.  >I.  &  ST.  P.  RY. 

The  Chicago,  Milwaukee  &  St.  Paul  Ry.,  last  year,  com- 
pleted two  single  track  reinforced  concrete  viaducts  near 
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Details   of  Sheet   Piling   Wall   and   Anchor. 


The  bridge  will  be  a  reinforced  concrete  structure  of  the 
monolithic  beam  and  slab  type  supported  on  concrete 
piles.  It  will  be  approximately  4,700  ft.  long  with  a  road- 
way width  of  14  ft.,  and  parapet  walls  about  4  ft.  high.  It 
will  have  a  draw  span  giving  a  oO-ft.  clean  opening  for 


Rosalia,  Wash.,  thereby  replacing  a  60-ft.  high,  2,100-ft. 
long  frame  trestle.  The  two  bridges  are  separated  by  334 
ft.  of  embankment.  The  easterly  structure  is  composed  of  a 
1071 2-ft.  reinforced  concrete  trestle  abutment,  a  100-ft. 
spandrel    arch    span   and    a   79i2-ft.    reinforced    concrete 


Typical  Cross  Section  of  Bridge. 


the  passage  of  boats.  The  bridge  will  be  connected  to  the 
main  land  by  2,100  lin.  ft.  of  80-ft.  wide  causeway.  This 
latter  will  be  a  hydraulic  fill  protected  by  reinforced  con- 
crete sheet  piling  wall.  Details  of  the  sheet  piling  called 
for  by  the  plans  are  shown  in  the  accompanying  sketch. 


trestle  abutment.  TJie  westerly  structure  consists  of  a 
77-ft.  reinforced  concrete  abutment,  three  77' --ft.  and 
one  68V:rft.  spandrel  arches,  one  58'i-ft.  encased  .steel 
girder  and  a  combination  trestle  and  U-abutment.  The 
following  description  of  the  concreting  plant  used  on  this 
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work  is  taken  from  the  report  "Efficient  Methods  of  Han- 
dling Work  and  Men,"  submitted  on  Oct.  17  at  the  annual 
meeting  of  the  American  Railway  Bridge  and  Building 
Association : 

It  was  impracticable  to  place  the  plant  on  the  track 
grade,  and,  accordingly,  it  was  located  under  the  westerly 
bridge,  the  layout  being  as  shown  in  the  accompanying 
cut.  The  crushed  rock  and  sand  were  delivered  in  hopper 
bottom  cars  and  unloaded  through  chutes  to  the  ground 
below,  and  then  placed  in  storage  piles  by  a  stiff-leg  der- 
rick fitted  with  60-ft.  boom  and  orange  peel  bucket.  This 
derrick  was  so  located  as  to  handle  the  materials  to  the 
storage  piles  and  from  there  to  hoppers  for  loading  in 
small  cars  for  transportation  to  the  mixer.  The  derrick 
was  operated  by  a  double  drum  engine  fitted  with  a  Dake 
swinging  gear  connected  to  a  bullwheel  on  the  base  of 
the  mast. 

The  mixer  and  tower  were  placed  on  a  traveling  plat- 
form that  could  be  moved  along  the  north  side  of  the 
bridge.  Most  of  the  concrete  was  spouted  in  this  way  di- 
rectlv  into  the  forms.    The  concrete  was  elevated  and  the 
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Layout   of   Rosalia,   Wash.,   Concreting    Plant. 

cars  containing  the  dry  material  were  hauled  by  a  hoist- 
ing engine  on  the  traveling  platform.  The  empty  cars 
were  pulled  back  to  the  loading  hoppers  by  a  counter- 
weight fastened  to  the  bi'idge.  The  cement  was  unloaded 
into  a  storage  house  immediately  underneath  the  south  of 
the  bridge  by  means  of  an  endless  belt  with  a  friction 
brake  which  enabled  the  lowering  of  the  cement  at  slow 
speed  to  prevent  damage  to  sacks  by  tearing  or  burning. 
The  cement  was  then  wheeled  directly  to  the  cars  as  they 
left  the  loading  hoppers. 

The  same  plant  was  used  to  mix  the  concrete  for  the 
easterly  bridge.  In  this  case,  however,  the  concrete  was 
hoisted  into  small  cars  on  a  narrow-gage  track  on  the 
north  side  of  the  main  line  and  hauled  by  a  gasoline  loco- 
motive. Concrete  was  mixed  and  placed  in  the  easterly 
bridge  for  as  low  as  34  ct.  per  cu.  yd.  in  this  way,  al- 
though the  average  was  considerably  above  this  on  ac- 
count of  the  inability  to  make  continuous  runs  while  con- 
creting. 

The  steel  reinforcement  was  all  cut  and  bent  on  the 
platform  at  the  west  end  of  the  westerly  bridge  and  low- 
ered into  place  from  the  track  level.  Portable  forms  were 
also   built   at  the   same   point    and   handled    in    the    same 


way.     Water  was  obtained  from  city  mains  and  in  this 
way  the  necessity  of  installing  a  pump  was  avoided. 
The  organization  of  the  forces  was  as  follows: 

Per  mo. 

<  'lie  genei'al   foreman $1.^0.00 

uiie    timekeeper    75.00 

Per  10  hours. 

One  carpenter  foreman %     3.50 

One  blacksmith  3.25 

One   laijor-foreman    3.00 

Two   sub-foremen    3.25 

Twenty-six    carpenters    3.00 

Two  engineers  3.00 

One  engineer  (gasoline) 2.50 

( >ne  fireman 2.50 

'I'en    carpenter    helpers 2.25 

Twentj'-fovir    laborers    2.00 

The  size  of  the  crew  varied  considerably  on  account  of 
the  difficulty  in  obtaining  men  and  on  account  of  some 
delay  in  obtaining  material  at  various  times.  During 
the  progress  of  the  work  the  average  traffic  was 
eight  passenger  and  about  twelve  freight  trains  per  24 
hours.  There  was  an  average  of  four  passenger  and  four 
freight  trains  on  the  Northern  Pacific  track  under  the 
easterly  bridge;  eight  passenger  and  four  freight  trains 
on  the  Spokane  &  Inland  Empire  tracks  under  the  westerly 
bridge  and  heavy  team  and  automobile  travel  on  the  state 
highway,  so  that  it  was  necessary  to  provide  special  false- 
work in  each  case  to  avoid  blocking  traffic. 

The  total  amount  of  concrete  placed  was  .5,924  cu.  yd., 
the  average  cost  per  cubic  yard  for  labor  and  material  be- 
ing $7.56.  The  total  amount  of  reinforcing  placed  was 
960.000  lb.  at  $1.80  per  100  lb. 


SOME   DETAILS  OF  NEW   STREET   LIGHTING 
SYSTEM  OF  POCATELLO,  IDAHO. 

The  city  of  Pocatello,  Idaha,  awarded  a  contract  last 
month  for  the  construction  of  a  street  lighting  system. 
The  installation,  in  general,  will  follow  standard  practice. 
Some  of  the  details,  however,  are  of  particular  interest. 

The  system  is  arranged  in  three  circuits,  and  series 
burning,  rather  than  multiple,  was  decided  on  as  better 
adapted  to  local  conditions. 

Alternate  proposals  were  asked  on  cast  iron  ornamental 
standards,  and  those  with  pressed  steel  shafts.  The  suc- 
cessful contractor  bid  on  the  pressed  steel  only.  The  post 
on  which  the  bid  of  this  contractor  was  based  is  manu- 
factured by  the  Union  Metal  Manufacturing  Co.  of  Can- 
ton, 0. 

A  height  of  12  ft.  from  sidewalk  to  center  of  globe  is 
specified  for  the  post.  This  is  rather  less  than  in  many 
other  installations,  but  the  streets  of  Pocatello  are  only 
60  ft.  wide,  building  line  to  building  line,  with  40-ft.  road- 
ways, and  the  12-ft.  post  was  decided  on  as  being  in  pro- 
portion with  these  widths.  As  the  primary  object  of  the 
installation  is  to  illuminate  the  streets  and  sidewalks,  the 
acorn-shaped  outer  enclosing  globe  was  selected,  as  giv- 
ing the  best  diffusion  of  light. 

It  is  proposed  to  try  out  lights  of  different  candle  pow- 
ers, until  the  best  results  are  obtained.  To  this  end  the 
"Mogul"  sockets  were  specified.  Absolute  cutouts,  while 
not  considered  absolutely  essential  to  the  successful  oper- 
ation of  the  system,  were  adopted  as  providing  an  addi- 
tional precaution. 

Discussion  has  brought  out  the  fact  that  many  cities 
are  finding  that  their  street  lighting  is  being  outshined 
to  some  extent  by  the  brilliant  advertising  signs  and  out- 
side illumination  of  the  business  houses  and  theaters. 
For  a  city  of  the  size  of  Pocatello  (17,000")  there  is  quite 
a  bit  of  this,  and  it  is  proposed  for  the  present  to  use  no 
greater  candle  power  than  is  necessary  for  police  pro- 
tection and  general  utility  after  the  advertising  illumina- 
tion is  turned  off  for  the  night.  Pocatello  is  essentially  a 
railroad  town,  with  many  trains  arriving  between  mid- 
night and  morning,  and  all  night  burning  is  proposed  for 
the  new  installation.  It  is  figured  that  this  lesser  candle 
power  will  amply  meet  the  needs  of  the  residential  dis- 
trict, and  will  cost  much  less  in  current  supplied. 

The  lighting  system  will  require  .355  ornamental 
lamp  posts  of  the  design  shown  in  Fig.  1.  These  post.'; 
will  be  installed  on  and  along  the  curb  line,  and  con- 
nected with  the  underground  cable  system  fed  by  constant 
current  6.6  ampere  aerial  supply  circuits.     The  electricity 


N  o  \  c  mill 

\r)l.    XI, \1. 


12.  1916 
No.  21 


will  be  obtained  from  the  Idaho  Power  Co.,  which  has  a 
generating  plant  on  the  Snake  River  at  American  Falls, 
Idaho,  about  25  miles  west  of  Pocatello. 

The  underground  cable  will  be  a  No.  6  B.  &  S.  G.  solid 
single  condui-tor  copjiei'  cable,  with  a  '  i-in.  varnished 
cloth  insulation,  5  64  in.  lead  sheath,  bedding  of  saturated 
jute,  ungalvanized  double  steel  taped  armor,  and  sewing 
of  saturated  jute  over  all.  It  must  stand  a  test  of  17,000 
volts  before  installation  and  14,000  volts  after  installa- 
tion between  copper  conductor  and  lead  sheath  for  a  peri- 
od of  five  minutes.  Fig.  2  shows  details  of  the  insulation 
of  the  armored  cable  entering  absolute  cut-out. 

The  cable  to  be  installed  in  the  posts  for  connecting 
the  lamps  with  the  underground  system  will  be  No.  8 
B.  &  S.  G.  solid  single  conductor  copper  cable  with  a  'i-in. 
30  per  cent  Para  rubber  insulation  and  tape  and  braid 
covering.  It  must  stand  the  same  test  across  the  insula- 
tion as  the  lead-covered  cable. 

The  armored  cable  will  be  buried  in  the  ground  just 
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in  three  circuits  or  loops.  The  two  terminals  of  each 
circuit  will  be  brought  into  a  terminal  handhole  built  into 
the  concrete  sidewalk,  or  built  of  concrete  with  walls  not 
less  than  6  ins.  thick  in  case  they  are  located  elsewhere 
than  under  the  sidewalks.  The  inside  dimensions  of  this 
handhole  will  be  12  in.  .\  14  in.  x  9  in.  deep.  A  3-in.  con- 
duit will  lead  up  to  the  terminal  pole.  The  handholes  will 
be  covered  with  a  1-in.  iron  plate  set  flush  with  the  side- 
walk. 

The  handhole  under  each  post  will  have  walls  at  least 
6  ins.  thick  and  inside  dimensions  of  12  in.  x  12  in.  x  9  in. 
deep.  The  handhole  will  serve  as  a  junction  box  for  mak- 
ing connections  to  the  post  and  as  a  foundation  for  the 
post.  \\'hen  in  concrete  sidewalks  they  will  be  made  flush 
with  the  sidewalks.  When  elsewhere  their  outside  dimen- 
sions will  be  1  in.  larger  on  all  sides  than  the  base  of  the 
post. 

In  all  handholes  the  lead  sheaths  of  cables  running  in 
either  direction  will  be  banded  together  so  that  the  cable 
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Fi3.    1 — Type    of    Lighting    Unit.      Fig.    2 — Insulation    of    Armored 
stallation.      Fig.   A — Cable   Installation   at   Street   Crossing.     Fig.   5 — Cable 
Along   Curb.      Fig.  7 — Method   of   Pavement   Replacement  at  Street  Cross 

below  the  concrete  sidewalk  or  street  pavement.  If  park- 
ing spaces  are  left  it  will  be  placed  not  less  than  12  in. 
below  curb  grade  and  there  will  be  not  less  than  3  in. 
of  earth  between  the  cable  and  curb.  In  placing  the  cable 
under  the  sidewalk,  just  inside,  it  is  figured  that  air-ham- 
mer methods  will  be  adopted  in  chipping  the  sidev.-alk. 
The  crease  at  the  inside  of  the  curb  probablj-  will  afford 
one  line  of  cleavage. 

The  cable  will  be  run  beneath  all  curbing  rather  than 
through  it  and  will  enter  the  handholes  beneath  the  lamp 
posts  in  a  horizontal  position,  being  concreted  into  the 
handhole  walls  and  terminating  in  a  G.  &  W.  combination 
pothead  and  series  cutout  mounted  within  the  base  of  the 
post  on  lugs  or  brackets. 

The  system,  as  mentioned  previously,  will  be  arranged 
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Cable    Entering    Absolute    Cut-out.      Fig.    3 — Plan    of    Typical    Cable    In- 
Instaliaticn    Along    Curb.      Fig.    6 — Method    of    Pavement    Replacement 
ing.  I 

sheath  will  form  a  continuous  electrical  conduit  around 
the  circuit.  The  lead  sheaths  will  be  grounded  at  the 
terminal  of  each  circuit  and  twice  between  terminals  at 
approximately  equal  distance.  Grounding  is  to  be  effected 
by  a  cast  iron  plate  or  by  approved  carbon  filled  ground- 
ing device  buried  below  the  permanent  moisture  line  and 
connected  to  the  cable  sheaths  by  No.  2  B.  &  S.  G.  copper 
wire.  If  a  cast  icon  plate  is  used,  it  will  be  not  less  than 
12  in.  X  18  in.  x  1  in.  and  will  be  buried  with  not  less  than 
5  in.  of  crushed  coke  above  and  below  it.  The  ground  wire 
will  be  bolted  and  soldered  to  the  plate  and  installed  in 
an  iron  pipe. 

The  accompanying  sketches  show  some  details  of  the 
system.  Fig.  3  is  a  plan  of  a  typical  cable  installation. 
Fig.  4  shows  the  handholes  and  method  of  crossing  street. 
Fig.  5  is  a  cable  installation  along  curb,  and  Figs.  6  and 
7  show  method  of  pavement  replacement.  In  this  latter 
work  the  earth  will  be  backfilled  upon  and  ayound  the 
.cable  in  layers  not  to  exceed  4  in.  Each  layer  will  be 
thoroughly  tamped  before  placing  the  next  one.  The  con.- 
Crete  foundation  for  the  pavement  will  e.xtend  for  a  dis- 
tance of  12  in.  wider  than  the  width  of  the  trench,  giving 
a  G-in.  bearing  in  the  undisturbed  earth  on  either  side. 

Bids  for  the  construction  of  the  street  lighting  system 
were  opened  on  Oct.  26,  the  contract  being  awarded  to 
the  Pocatello  Electric  Supply  Co.,  Pocatello,  at  $.51,514. 
The  unit  bids  on  this  work  are  shown  in  Table  I.  The 
armored  cable,  cutouts,  Novalux  lighting  unit,  etc.,  will 
be  supplied  by  the  General  Electric  Co.  through  its  Salt 
Lake  City  house.  The  system  will  be  installed  under  the 
direction  of  J.  H.  Giles,  city  engineer. 
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A  MATERIAL  HANDLING  PLANT  FOR  DIFFI- 
CULT CONSTRUCTION  CONDITIONS. 

The  resourcefulness  of  a  contractor  in  designing  a  ma- 
terial handling  plant  to  efficiently  serve  difficult  construc- 
tion conditions  is  exhibited  in  an  installation  recently 
made  by  John  F.  Rahn,  building  contractor,  East  Chicago, 
Ind.,  for  building  a  large  box  factory  for  the  Indiana 
Box  Co. 

The  site  for  the  plant,  including  a  large  lumber  yard, 
borders  on  the  Indiana  Harbor  Canal  and  comprises  sev- 
eral acres  of  white  sand,  the  surface  of  which  is  only  a 
few  feet  above  the  water  level  of  the  canal.  A  railroad 
switch,  owned  jointly  by  the  E.  J.  &  E.  and  Indiana  Harbor 
Belt  Line  Railways  extends  along  one  side  of  the  tract. 
On  this  a  large  quantity  of  sand  was  hauled  and  the  sur- 
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ficient  plant.  By  elevating  the  pumping  equipment  the 
contractor  was  able  to  make  use  of  a  diaphragm  pump, 
employed  by  him  in  general  foundation  work,  to  pump 
water  into  a  barrel  from  which  the  mixer  could  be  sup- 
plied by  gravity.  The  4  HP.  gasoline  engine  and  hoist 
have  ample  power  to  handle  a  12,000-lb.  load  .up  the  in- 
cline. At  the  loading  switch  two  cars  are  shifted  at  a 
time  by  means  of  the  hand  winch  and  cable  and  are  kept 
spotted  so  that  material  can  be  shoveled  directly  into  the 
4-yd.  hopper  car  without  rehandling.  By  the  use  of  the 
elevated  inclined  track  sand  and  stone  were  piled  high 
close  to  the  mixer,  requiring  far  less  hand  wheeling  than 
would  have  been  possible  with  material  delivered  by  teams 
and  wagons.  The  entire  operation  of  this  plant  is  highly 
efficient  and  it  demonstrates  what  can  be  accomplished 
with    light,   portable,   inexpensive   equipment    in    difficult 


Inclined   Track   and   Mixing    Plant. 


Another  View  of  Plant  Showing   Water  Point  System. 


face  of  the  entire  area  raised  several  feet  with  the  sand 
fill.  The  conditions  confronting  the  contractor  there- 
fore was  a  large  area  of  loose  sand  over  which  it  would 
have  been  difficult  to  haul  material  with  teams  and 
wagons. 

The  structures  comprised  a  main  building  120x184  ft.,  a 
power  plant  60x80  ft.,  a  saw-filing  house  18x40  ft.,  and  an 
office  26x32  ft.  Owing  to  the  loose  sand  fill  it  was  neces- 
sary to  construct  comparatively  deep  side  walls  and 
foundation  piers,  requiring  a  large  quantity  of  concrete. 
The  soft  nature  of  the  ground  also  made  the  most  prac- 
tical design  of  plant  one  in  which  all  concrete  was  mixed 
at  a  single  point  from  which  it  was  wheeled  to  the  forms. 
The  mixing  plant  was  therefore  located  close  to  the  ends 
of  the  main  building  and  power  plant  and  about  160  ft. 
from  the  railroad  switch.  An  inclined  track  200  ft.  long 
with  its  inner  end  10  ft.  above  ground  was  constructed  at 
right  angles  with  the  switch  and  about  20  ft.  distant 
from  the  mix£r.  All  sand,  stone  and  brick  required  in 
the  construction  work  was  hauled  up  this  incline  in  a 
car  of  4  yd.  capacity  by  means  of  a  cable  operated  by  a 
gasoline  driven  hoist  placed  ahead  of  the  inner  end  of 
the  incline,  the  grade  being  sufficient  to  return  the  car  to 
loading  position  by  gravity.  This  arrangement  permitted 
the  sand  and  stone  to  be  discharged  in  piles  very  close 
to  the  mixer  and  the  brick  deposited  along  the  incline 
at  points  nearest  to  where  they  were  needed. 

This  contractor  uses  "The  Staijdard"  low  charging 
mixers  and  hoi.sts  and  Novo  engines  exclusively  in  all  of 
his  construction  work.  On  this  job  the  plant  conjsisted 
of  a  10-ft.  "Standard"  low  charging  mixer,  a  Standard 
hoist  with  4  HP.  Novo  engine  mounted  and  housed  on  a 
truck  for  operating  the  cable,  a  4  HP.  Novo  engine 
mounted  on  skids  and  housed  midway  between  a  dia- 
phragm pump  and  "Standard"  hoist  so  that  either  can  be 
operated  with  this  engine,  a  water  point  system  for  ob- 
taining a  water  supply  from  the  sand,  and  a  hand  winch 
and  cable  for  shifting  cars. 

The  accompanying  illustrations  show  the  small  amount 
of  equipment  used  and  how  it  was  placed  to  form  an  ef- 


construction   conditions  by  a   resourceful  and  competent 
operator. 


COST  KEEPING  METHODS  FOR  CONCRETE 
CONSTRUCTION. 

The  Ferro-Concrete  Construction  Co.  of  Cincinnati,  O., 
one  of  the  largest  concerns  in  the  country  specializing 
in  the  erection  of  reinforced  concrete  buildings,  has  de- 
veloped an  excellent  system  for  keeping  cost  records  of 
its  work.  The  following  outline  of  the  methods  em- 
ployed are  taken  from  a  thesis  prepared  by  Harry  J. 
Gould,  cost  engineer  of  the  company: 

Pa.v  Roll — The  present  system  brings  a  weekly  pay  roll 
showing  the  man's  number,  his  name,  hours,  rate  and 
amount.  Cards  are  made  up  daily,  on  which  the  time- 
keeper notes  in  symbols  what  each  man  does.  The  time- 
keeper makes  a  round  of  the  job  and  as  he  finds  each 
man  he  enters  the  symbol  denoting  his  work  at  that  time. 
By  making  several  rounrl«  of  the  job  and  by  noting  the 
time  when  important  changes  are  made,  such  as  when 
concrete  starts  or  stops,  when  all  floor  steel  is  laid,  etc., 
he  can  get  very  close  to  the  correct  time  for  each  item . 
of  work  done  by  each  man  that  day. 

On  checking  his  men  out  at  night  the  timekeeper  notes 
the  total  hours  for  each  man  on  the  daily  card  and  later 
transfers  the  hours  to  his  time  book  or  checks  with  the 
clock  card.  The  cards  are  sent  to  the  main  office  daily. 
At  the  end  of  the  week  a  pay  roll  sheet  is  made  out  and 
sent  in.  This,  with  the  cards,  gives  the  office  complete 
information  as  to  the  money  spent  for  labor  on  each  item. 

S.vmbols — The  s.vmbols  used  are  mnemonic  in  charac- 
ter and  divide  the  work  in  convenient  units  for  recording. 
In  the  code  the  main  divisions  are  capital  letters,  as  "F" 
for  Forms,  "C"  for  Concrete,  etc.  Each  is  subdivided  into 
five  headings,  using  vowels  a,  e,  i,  o.  u.  These  are  used 
in  the  order  of  sequence  of  work.  In  general  "a"  is  for 
equipment,  "e"  for  unloading  material,  "i"  is  the  first 
operation  and  "o"  the  second  operation,  with  "u"  for  the 
final  one,  as  cleaning  up  rubbish,  etc. 
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The.'se  general  classifications  apply  to  every  job,  and 
special  ones  are  also  used  for  unusual  cases  on  special 
work,  a  list  of  which  is  furnished  by  the  office,  though 
the  timekeepers  are  instructed  to  originate  such  char- 
acters as  they  require  in  case  of  changes  or  unexpected 
conditions  arising.  These  are  explained  on  the  daily  card 
on  which  they  first  occur.  Having  the  cost  of  work  on 
each  of  these  symbols,  the  quantity  of  work  is  needed  to 
deduce  a  unit  cost  of  each  item. 

Weekly  Report  of  Work — At  the  start  of  the  job  the 
engineering  department  analyzes  the  estimate,  or  makes 
up  a  new  estimate  when  necessary  because  of  changes 
in  design,  and  divides  the  work  in  such  units  as  will  be 
built  separately.  This  will  show  the  quantity  of  each 
class  of  work  in  a  whole  floor,  if  not  too  large,  or  in  a 
certain  clearly  defined  section  of  a  floor  which  is  a  defi- 
nite stopping  place  in  the  progress  of  the  work. 

On  the  close  of  a  week's  work  the  timekeeper  notes  the 
status  of  the  work  in  parts  of  these  units.  Thus:  "All 
footings  concreted  and  wrecked;  basement  walls,  forms 
complete,  concrete  N.  &  E.  sides;  columns,  forms  for  10; 
first  floor,  forms  1-6  complete,"  etc.  With  these  notes 
he  can  go  to  the  schedule  of  quantities  and  take  off 
readily  the  most  of  these  items  for  his  quantity  report. 
Generally  he  will  have  to  figure  some  quantities,  as  ex- 
cavation, which  is  impossible  to  schedule  to  advantage, 
also  cement  finish,  basement  floors,  sills,  etc.  These 
quantities  can  be  taken  from  the  plans  or  from  actual 
measurements  of  the  work. 

Where  the  job  is  subject  to  numerous  changes  and 
extras  the  quantities  must  be  figured  on  the  job  and  the 
scheduled  quantities  used  only  as  a  check.  This  report 
of  ([uantities  is  approximate  and  subject  in  a  certain 
measure  to  the  timekeeper's  judgment.  This  is  impos- 
sible to  eliminate.  If  every  board  be  figured  in  forms 
actually  erected,  there  are  still  more  uncertain  quan- 
tities. For  instance,  if  forms  for  20  columns  are  stand- 
ing at  the  end  of  the  week  they  may  be  anywhere  from 
30  to  80  per  cent  complete,  depending  on  ledgers,  plumb- 
ing, clamping,  cutoffs,  etc.  In  this  instance,  and  in  many 
others,  the  judgment  of  the  timekeeper  or  foreman  must 
be  used.  Suppose  the  amount  of  first  floor  forms  be 
estimated  too  low.  This  is  treated  as  an  estimate  purely 
until  the  wliole  first  floor  is  complete,  perhaps  a  week 
later,  and  a  complete  report  on  the  entire  unit  is  in.  If 
the  estimate  shows  a  tremendously  high  or  abnormally 
low  cost  the  timekeeper's  attention  is  called  to  the  fact 
that  his  judgment  may  have  erred,  and  he  and  the  fore- 
man are  asked  to  watch  the  item  on  the  following  week. 

Office  Work — As  the  daily  cards  come  in  they  are  totaled 
as  to  money  spent  for  each  symbol.  The  sum  of  these 
totals  should  equal  the  pay  roll,  and  an  arbitrary  limit 
of  ^■:;  of  1  per  cent  has  been  set  as  an  allowable  error. 
It  is  found  that  the  majority  of  the  work  comes  well 
within  the  limits,  and  careful  investigation  of  errors  be- 
yond this  limit  and  a  report  of  same  to  timekeepers  has 
the  effect  of  keeping  them  keyed  up  to  the  importance 
of  accuracy.  The  errors  are  thrown  to  the  item  of  "G," 
which  stands  for  "General  Expense,",  and  includes  regu- 
larly timekeeper,  watchman,  water  boy,  etc.  It  is  found 
errors  are  not  cumulative,  but  generally  offset  each  other 
very  closely. 

Record  of  the  labor  on  each  job  is  kept  in  separate 
folders  on  loose  leaf  sheets  8'i'Xll  in.,  ruled  in  three  gen- 
eral columns.  In  these  columns  are  entered  under  the 
proper  symbols  the  date  and  amount  spent  each  week  on 
that  item  and  the  total  brought  down  to  date  in  red  ink. 
The  amount  of  work  done  is  also  entered  and  a  unit  cost 
for  the  week  figured.  Then  from  the  total  work  to  date 
and  the  total  cost  the  total  unit  cost  to  date  is  figured. 

The  total  costs  of  the  three  main  divisions  of  the  work 
(concrete,  forms  and  steel)  are  obtained  each  week  by 
summing  up  these  various  units  in  their  proper  relation. 
This  requires  care  and  the  execise  of  good  judgment  in 
weighing  the  miscellaneous  items.  For  instance,  equip- 
ment and  perhaps  unloading  costs  come  in  at  the  very 
start  before  any  actual  work  is  erected.  The  cleaning 
.up  items  may  come  in  only  after  considerable  work  has 
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been  done.  In  the  former  case  the  practice  is  to  esti- 
mate a  unit  for  a  few  weeks,  then  use  a  fractional  part 
of  the  equipment  cost,  and  in  case  of  forms  a  fractional 
part  of  the  unloading  also.  An  estimated  figure  of  what 
the  cleaning  up  item  will  likely  amount  to  is  used  until 
it  begins  to  come  in  regularly  enough  to  actually  figure. 
Such  estimates  are  always  indicated  by  an  abbreviation, 
"Est,"  or  by  the  fractional  part  used,  as  "Vij." 

W'eekly  Labor  Summary — A  report  of  these  weekly 
unit  costs  and  the  total  unit  costs  is  made  up  each  week. 
It  also  shows  the  totaling  of  the  main  divisions,  com- 
paring same  with  the  previous  work,  or  with  the  esti- 
mate. Not^s  and  comments  are  freely  used,  and  unusual 
items  are  underscored  in  red  ink  for  special  attention. 
These  are  made  out  in  the  same  symbols  as  the  time- 
keeper's code,  so  that  the  uninitiated  would  not  be  able 
to  decipher  it  intelligently.  The  amount  of  cement  used 
per  yard  and  any  other  material  items  which  may  have 
been  specially  checked  will  appear  on  this  report  also. 
One  copy  goes  direct  to  the  superintendent  on  the  job, 
another  to  the  officers  of  the  company  for  inspection. 
These  reports  are  referred  to  in  the  weekly  executive 
meeting,  in  which  all  current  work  is  checked  up  as  to 
time,  delays,  cost  of  work,  etc.         » 

Curves — On  large  jobs  it  has  been  found  advan- 
tageous to  use  curves  to  show  the  weekly  fluctuation  of 
the  main  items  of  labor.  The  estimated  labor  cost  is  a 
straight  line;  when  the  curve  goes  above  this  line  the 
company  is  losing  money,  when  below  it  is  saving  over 
its  estimate.  These  have  proven  very  satisfactory,  but 
are  only  used  on  large  jobs  where  the  work  extends  over 
several  months.  The  small  jobs  are  complete  before  the 
items  of  equipment,  unloading,  etc.,  can  be  properly  pro- 
portioned. 

Recording  Materials — The  daily  Veport  shows  the  re- 
ceipts of  all  items  at  the  work.  It  is  made  out  and  sent 
to  the  main  office  daily  by  the  timekeeper.  The  name  of 
dealer,  quantity  and  description  are  given,  also  price,  if 
this  has  been  left  to  the  job  to  buy.  On  receipt  of  these 
daily  reports  at  the  main  office  the  dealers'  bills  are 
O.  K.'d  by  the  purchasing  department.  These  bills  then 
go  to  the  cost  department  for  entry;  this  entry  must  be 
made  promptly  to  avoid  delay  in  payment  and  a  possible 
loss  of  discount.  Hence  they  are  entered  at  once  in  a 
loose  leaf  ledger  by  jobs,  showing  the  dealer's  name, 
(luantity,  description,  price,  gross  bill,  freight  deductions 
and  net  bill.  The  bill  is  initialed  and  passed  along  to 
the  bookkeeper  for  further  record  and  payment.  Peri- 
odically the  cost  ledger  and  the  bookkeeper's  ledger  are 
balanced  and  any  errors  or  omissions  corrected. 

From  this  cost  ledger  the  items  are  transferred  to  the 
folder  records  for  each  job  and  each  entry  is  classified 
under  its  proper  heading  or  headings.  Thus,  cement 
bought  and  the  freight  is  in  one  column,  the  hauling  in 
another;  freight  on  empty  sacks,  credits  for  empty  sacks, 
testing,  etc.,  are  separate  items  on  each  job.  The  amount 
and  cost  of  each  material  is  thus  readily  available  for 
comparison  with  the  estimate  or  for  figuring  costs. 

Analysis  of  Estimate — As  made  %p  for  bidding,  an 
estimate  rarely  is  divided  so  that  the  amounts  of  either 
labor  or  exact  materials  are  available  without  further 
analysis.  This  analysis  is  made  by  the  cost  department 
soon  after  the  contract  is  signed  and  shows  the  labor 
items  by  symbols,  divided  as  the  work  will  be  done,  giv- 
ing estimated  quantity  and  estimated  unit  cost.  The  ma- 
terials are  totaled  and  include  hauling,  miscellaneous  ex- 
pense, etc.,  all  listed  separately  in  such  separate  head- 
ings as  are  found  by  experienec  to  be  most  advantageous. 
Both  of  these,  but  more  especially  the  labor,  may  vary 
from  the  actual  estimate  and  be  based  on  what  experi- 
ence indicates  the  work  should  be  done  for.  Hence,  if 
mistakes  be  made  in  the  original  estimate,  the  job  is  still 
placed  on  its  merits. 

The  net  variance  from  the  estimate  when  a  saving  is 
carried  as  a  contingency  item  to  care  for  unexpected 
conditions,  delays,  etc.  This  analysis  may  be  carried  into 
too  little  or  too  great  detail  until  the  most  advantageous 
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divisions  are  found.  They  soon  develop  into  a  standard 
form,  so  that  this  question  is  not  long  a  troublesome  one. 

A  comparison  of  actual  results  and  those  previously 
estimated  is  now^  possible,  and  a  sheet  is  prepared  ap- 
proximately every  two  months,  showing  what  each  item 
of  labor  was  expected  to  cost,  both  in  units  and  total,  and 
what  it  has  cost.  The  total  saving  or  the  loss  is  figured 
and  entered  for  each  item  or  group  of  items.  This  brings 
in  all  materials  and  all  the  labor,  so  a  total  net  saving 
or  net  loss  gives  the  true  status  of  tHe  job  on  that  date. 

In  making  this  comparison  allowance  must  be  made 
for  materials  on  hand  for  future  work,  and  requires  a 
fairly  accurate  knowledge  of  job  conditions  et  the  time. 
This  statement  goes  to  the  job  superintendent  and  also 
to  the  officers  of  the  company  for  inspection  and  criti- 
cisms. Its  totals  show  whether  the  job  is  making  or 
losing  money,  and  by  looking  through  the  items  the  source 
of  the  profit  or  loss  may  be  determined. 

Final  Analysis — At  the  close  of  a  job,  after  all  claims 
and  delayed  bills  are  adjusted,  the  cost  of  each  item  in 
the  estimate  is  figured  in  more  detail.  The  bi-monthly 
statements  do  not  show  what  part  of  the  concrete  ma- 
terials bought  have  been  used  in  the  basement  floor,  for 
instance.  Materials  for  such  items  are  separated  from 
the  concrete  work,  priced  and  entered  as  the  material 
cost  on  these  items,  from  which  the  unit  material  cost 
is  figured.  Likewise,  a  proportionate  part  of  the  labor 
on  equipment,  unloading  and  cleaning  up  is  added  to  the 
direct  labor  cost.  The  official  now  has  a  total  labor  and 
total  material  charge  on  each  item  of  the  original  esti- 
mate, and  by  comparing  the  estimate  with  the  actual 
cost  he  can  find  the  profit  or  loss  on  each  more  definitely 
than  in  the  bi-monthly  reports. 

These  fipal  analyses  are  entered  in  the  permanent  cost 
record  in  detailed  form  for  future  reference.  On  this 
record  sheet  are  also  figured  the  actual  cost  per  sq.  ft. 
of  floor  of  the  concrete  only,  and  then  of  the  various  sub- 
contract branches.  A  short  description  of  the  job,  the 
prices  of  main  materials  and  labor,  and  notes  regarding 
job  conditions  make  this  a  valuable  record  for  later  ref- 
erence. 

Personnel — This  system  of  recording  costs,  as  now  op- 
erated, requires  no  additional  men  on  the  jobs.  It  does 
require  some  ability  in  reading  plans  on  the  part  of  the 
timekeepers,  which  has  brought  the  company  to  favor 
young  engineers  for  such  work.  Should  they  show  ex- 
ecutive ability,  training  in  timekeeping  makes  them  the 
more  valuable  as  foremen  or  superintendents. 

The  office  work  at  present  requires  the  full  time  of 
two  men.  Their  reports  are  inspected  and  supervised  by 
the  cost  engineer,  who  takes  up  any  unusual  items  with 
the  superintendent  and  the  office. 
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through  an  aperture  in  the  platform  and  the  trucks  driven 
across  the  platform  and  down  the  incline  on  the  other 
side. 


INCLINE    AND   PLATFORM    FACILITATE    RAPID 
UNLOADING  OF  TRUCKS. 

Many  building  contracts  are  figured  on  a  time  basis 
and  the  speed  and  increased  efficiency  with  which  cement, 
sand,  slag,  gravel  ^id  crushed  stone  may  be  handled  by 
the  use  of  motor  trucks,  has  saved  large  sums  for  the 
contractors. 

Very  often  on  big  jobs,  special  devices  for  loading  and 
unloading  have  been  constructed  to  facilitate  the  opera- 
tion of  the  trucks  and  a  striking  example  of  this  is  the 
use  of  a  fleet  of  nine  White  power  dumping  trucks  owned 
by  the  Cleveland  Builders'  Supply  Co.  on  the  construc- 
tion of  the  new  $500,000  building  for  the  Richman  Bros. 
Co.,  Cleveland. 

The  structural  work  of  this  building  is  largely  concrete 
and  many  tons  of  sand,  cement,  and  gravel  are  mixed 
daily.  In  order  to  do  this  work  as  speedily  as  possible, 
the  contractors  have  built  a  platform  of  heavy  wooden 
beams  on  a  level  with  the  second  story  of  the  structure. 
Leading  up  to  this  platform  there  are  two  inclines  built 
of  heavy  planks  and  with  a  grade  of  above  10  per  cent. 
The  White  trucks  with  their  5-ton  load  are  driven  up  the 
incline  on  one  side  of  the  platform.    The  loads  are  dumped 


Incline    and    Truck    Unloading    Platform    at    Richman    BIdg..    Cleveland. 

In  this  way  the  trucks  are  kept  running  continuously 
and  no  time  is  lost  in  backing  and  maneuvering  around  to 
find  the  most  advantageous  place  for  dumping. 


FORMWORK    TABLES    FOR    REINFORCED 
CONCRETE  BUILDINGS. 

The  recently  issued  23rd  annual  report  of  the  Chief 
State  Factory  Inspector  of  Illinois  for  the  year  ending 
June  30,  1916,  contains  an  excellent  article  by  Mr.  Ernest 
McCullough,  chief  engineer  of  the  Fireproof  Construction 
Bureau  of  the  Portland  Cement  Association,  on  the  use 
of  forms  in  the  erection  of  reinforced  concrete  buildings. 
In  his  article  Mr.  McCullough  gives  the  following  tables 
for  formwork.  Table  I  contains  a  description  of  the  slabs 
with  a  number  given  to  each  slab.  Reference  is  made  to 
slab  numbers  in  the  tables  following  instead  of  to  a  slab 
thickness. 


TABLE   I.— SLAB   NUMBERS. 

.^Ifib     numbers 1     2     .3     ■!     3     6     7     s     ii  in  n  12  11  IJ   15  U!  IT. 

Slal)  thicl'TiRss  'n  in. — 

Solid  slab 3     4   ..    ..      ."..,..      G    ..      7   ..      S    .  .      M  10  11   12 

Combination  tile  and 
concrete    i;     7     S   ..     3  10  1 1   12  1.1  14   ..   15 

TABLE  II— TABLE  OF  POSTS  FOR  CEXTEIUNO. 

3  in.  by  4  in.  solid,  to  be  spaced  4  It.  b.v  6  ft.  or  less,  under  sl?bs  1.  2, 
.':,    1.  .>.  i;,  7.  8.  9.  10,  braced  in  four  directions  ever>'  7  ft. 

To  be  spaced  4   ft.  b.v  4  't    or  less  unoer  slabs  11,    12,   I'i,  14,   l.j. 
Hi,  17,  f.nd  4  ft.  apart  under  girders  or  beams. 
^  in.  by  4  in.  solid,  or  T  post  of  2-2  in.  Iiy  4  in.,  properly  spiked. 

To  be  si)aced  6  ft.  by  6  ft.  or  less,  under  slabs  1,  2,  3,  4,  5,  6.  7, 

S,  !>.  10,  braced  in  four  directions  ever.v  s  ft. 
To  be  spaced   4  ft.  by  6  ft.  or  less,  under  slabs  11,   12,  13,  14.  15, 
lit,   17,  or  5  ft.  apart  under  i^irders  or  beams. 
'i  in.  )}y  t;  in.  solid,  or  T  post  or  2  in.  l.i.y  !  in.  pud  2  in    !>>■  li  in.,  properly 
.spilled,  braced  in  four  directions  evei-y  ,S  ft. 

To  lie  spaced  G  ft.  by  fi  ft.   or  less,  under  slabs  12.  13,  14.  15.  HI. 
17,  or  11  ft.  apart  und,^r  girders  tir  heiims. 

It  is  important  that  the  above  requirements  for  length 
of  posts  be  observed.  They  may  be  of  any  length  to  con- 
form to  clear  height  but  must  be  tied  in  four  directions 
so  the  greatest  length  from  end  to  tie  shall  be  not  more 
than  above  stated.  The  ties  may  be  horizontal  or  diagonal 
and  should  be  well  secured  by  nailing. 

It  is  important  that  the  posts  rest  at  the  lower  end  on 
a  plank  in  order  to  distribute  the  load  over  the  floor.  Use 
a  2-in.  by  12-in.  for  spacing  of  4  ft.  by  6  ft.;  a  3-in.  by 
12-in.  for  spacing  of  4  ft.  by  6  ft.  and  4-in.  by  12-in.  for 
spacing  of  6  ft.  by  6  ft.  These  planks  are  parallel  with 
and  directly  under  the  girders  carrying  the  joists. 

Posts  must  be  full  length  and  must  not  be  used  with 
blocks  under  the  lower  end.  Wedges  when  used  should 
be  in  pairs  and  thin.  Do  not  drive  nails  through  wedges 
for  this  interferes  with  adjustment.  To  prevent  the  work- 
ing loose  of  wedges  drive  a  nail  into  the  plank  or  fasten 
a  block  to  the  plank,  bearing  against  the  heavy  end  of 
each  wedge. 

Care  should  be  taken  to  have  posts  as  nearly  as  possible 


No  V  f  m  h  L'  r  _'_',   I'Hf) 
\nl.   XI.\I.  N'u.  21 


4<j1 


directly  over  posts  below  in  a  vertical  line  from  story  to 
story. 

All  posts  should  be  i)lumb.     This  is  important. 


TAi'i.i-:  III.    .-^izi-:  .\xi>  .si'.\i,-i.\i;  I'l'   must.- 
Spac- 
iriK. 
Sliil)    iiuniber.         Si/.e.  in.      in.  ^lal.    niniiln-?-. 

(2  iiv  1       ii;  I        ii;  

I  2  by  I         -Ml 
to  l.i  inclu.sive..     2  l>.v  i;         "I 


ii.\    1-KT.    .Sl'.VX. 
Spar- 


r^i7.e.  in.     ni. 
2  l)y  B         21 


17   2  by  6         21 

TABI.r:   IV.— .'■•IZK   .\.VI'   .^i- \ri.\i;   OF  .IDiST.S  ON   i;-FT.    SI'.XX. 

Spaf- 
int;, 
.^Ijiti    nuiiil)er.         Size,  in.      in.  Slab    nimiljer 


Size,  in. 
(  2  b.\'  c. 
(  2  by  S 
(  2  by  i: 
)  2  by  8 
I  2  by  i> 
\  2  bv  S 


in. 
I'i  I 
24  ( 

24  I 
II  I 
21  '- 


n,  10,  11,  ii: 
II,   i:..   Ki, 


i:;. 


Spac- 
ing. 
Size,  in.  in. 
12l>yi;  12 
I  2  l.y  S  21 
t  2  t)v  K  1 2 
1  2  l)y  .s  21 
(  2  bv  8  21 
(  2  bv  S         IS 


Flooring  over  joists  may  be  "s-in.  thick  (1  in.  dressed) 

on  spans  of  less  than  21  in.     It  must  be  a  full  1  in.  (IV4- 

in.  dres.sed)   on  spans  of  21   in.,  and  24  in.     All  joists  to 
be  crossbridged  every  4  ft. 

T.XHI.I.   v.  — MIMJIIJI    SIZKS  OF  r.IIUilCliS  .VCliOSS   P(  IST.S  O.X    4- 
i-'T.    SI'.\.\.     SI'.V.X   OF  .JOISTS   4-KT   OR   «  FT. 


Slab  number.        Sizes,  inche.s. 

1.  2 2  by  in,  .•!  by  S.  or 

4    liv   I). 
3,  4.  ■■),  6.  7.  S.  SI. 

10.  11.  12.  1.1,.  2  by  10,  or  ,■!  by  S. 

H    2  by  in,  4  by  S.  or 

i;   by   i\. 


Slab  number.        Size.s.   inches, 

1.".    3  by  10.  4  by  S.  or 

R    by   6. 
l(i 3  by  10.  or  4  by  S. 
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,  2  by   12.   3    by   10, 
or  4   iiy   S. 


T.VIM.i-:  VI.— iMlXIMTM   STZRS  OF  CIRDKHS  .XCUOSS  POSTS  OX   •:- 
FT.    .Sl'.X.X.     Si  .\X    ciF  .JOISTS   4-FT.   OR   G-FT. 

Slal)    number.  Sizes  in  inches. 

I     2  I  v  12,  or  ::  bv  10, 

2.  3 3  by  12,  4  by  10,  or  G  by  S, 

4,  .•.,  6,  7.  S.  9 2  bv  II.  :■.  bv  12.  4  bv  10,  or  C  by  S. 

10   2  'V  14,  3  bv  12,  ,5  bv  in,  or  6  bv  il. 

II   3  bv  12.  fi  bv  ».  or  7  bv  ,"*. 

12.  13 ,  3  bv  12,  ,-.  i)v  10,  11  bv  !i,  or  7  by  8. 

14  4  by  12,  -,  bv  10,  or  6  t)y  '■>. 

1,1  •  bv  1 4.  4  bv  12,  .-.  l.v  10,  fi  bv  9.  or  ,S  bv  8, 

Ifi  • 2  bv  li;,  3  bv  14.  4  bv  12.  3  bv  10.  7  by  9.  or  s  by  S. 

17 2   by  IH.  3  by  14,  4  by  12.  G  by  10,  or  7  by  9. 

Girders  may  be  composed  of  several  boards  or  planks 
side  by  side,  care  being  taken  to  accurately  size  the  pieces 
over  bearings  so  they  will  act  together.  They  should  be 
spiked  together  and  if  1-in.  lumber  is  used  with  heavier 
stuff  the  thinner  pieces  should  be  inside.  All  girders  to 
be  braced  or  crossbridged  every  4  ft. 


SPECIAL  STRAIN  GAGE  FOR  REINFORCED  CON- 
CRETE BUILDING  TESTS. 

A  specially  constructed  strain  gage  is  used  by  the 
Building  Department  of  the  City  of  Seattle,  Wash.,  for 
measuring  strains  in  reinforced  concrete  buildings.  This 
gage  was  supplied  by  Prof.  H.  C.  Berry  of  the  University 


Speclal   Strain  Gage,   Builc^lng   Department.  Seattle,  Wash. 

of  Pennsylvania,  after  a  design  prepared  by  D.  E. 
Hooker,  Assistant  Superintendent  of  Buildings  of  Seattle. 
The  unusual  features  include  a  frame  without  rivets  or 
screws,  the  side  plates  being  joined  to  the  spacing  lugs 


by  the  electric  welding  process;  checkered  side  plates  to 
give  better  grip  for  the  hands;  a  clearance  of  3  in.  to 
enable  readings  to  be  made  on  steel  embedded  deep  in  the 
concrete;  and  a  specially  constructed  fulcrum  joint  for 
the  movable  leg. 

The  one-piece  frame  is  so  rigid  that  side  pressure,  given 
unconsciously  when  making  observations,  has  compara- 
tively little  effect  on  the  readings,  and  there  are  no  rivets 
or  screws  to  work  loose  or  throw  unequal  interior  strains 
in  the  frame.  The  3-in.  legs  allow  measurements  on  the 
deepest  layer  of  steel  in  four-way  flat  slabs  and  the  check- 
ered plates  reduce  the  strain  of  continued  reading  by  im- 
proving the  grip  of  the  hands  on  the  instrument.' 

The  trunions  of  the  movable  leg  are  held  up  into  posi- 
tion in  the  notches  of  the  frame  by  a  spring,  guarded  by 
a  cover  plate.  Both  the  spflng  and  the  cover  plate  are 
square,  with  a  square  hole  in  the  center  of  each  through 
which  the  movable  leg  passes.  The  cover  plate  is  held 
in  place  by  four  countersunk  screws,  which  are  screwed 
"home"  in  the  frame  and  thus  have  no  tendency  to  work 
loose. 


TABLE   FOR  BENDING   TIE  WIRES   FOR 
CONCRETE  FORIMS. 

('(.ntribuluil    Iv    \V.    1).   .June.s. 

In  the  construction  of  a  large  ciuantity  of  G-in.  and  8-in. 
concrete  walls  at  Los  Angeles  Harbor  by  the  Merchants' 
Realty  &  Investment  Co.,  contractors,  of  Los  Angeles, 
making  fornl  ties  from  rolls  of  No.  8  and  No.  9  wire 
proved  to  be  an  item  of  e.xpense  worth  noting.  The  table 
and  equipment  shown  in  the  photograph  are  the  outcome 


Tie   Wire    Bending   Table. 

of  several  schemes  for  increasing  the  output  of  a  man 
and  proved  to  be  a  considerable  saving  in  this  feature  of 
the  work. 

The  outfit  consisted  of  a  table,  as  shown,  with  a  revolv- 
ing drum  on  one  end;  on  the  other  was  placed  a  2-in.  x 
4-in.  timber  in  such  a  manner  that  it  could  be  turned 
about  a  steel  pin  set  in  a  block  fi.xed  to  the  table.  Between 
the  drum  and  the  2-in.  x  4-in.  was  placed  a  friction,  shown 
at  (b).  through  which  the  wire  was  passed  in  order  to 
give  the  tension  necessary  to  insure  tight  wanding  about 
the  2-in.  x  4-in.  The  drum  was'made  tapering,  as  shown 
at  (,a),  in  order  that  rolls  of  any  size  wire  could  be  held. 

When  operating,  the  roll  of  wire  was  placed  on  drum 
one  end  passed  through  friction  at  (b)  to  the  2-in.  x  4-in. 
at  (c).  By  turning  this  the  wire  was  wound  about  the 
two  blocks  placed  on  top.  When  the  capacity  of  the  blocks 
was  reached  wires  were  cut  in  center  with  a  pair  of  bolt 
cutters  and  laid  in  stacks  near  by. 

The  edges  of  the  blocks  about  which  the  wire  was  bent 
were  shod  with  iron  to  insure  a  good  sharp  bend.  By 
having  pieces  of  2-in.  x  4-in.  with  blocks  placed  at  dif- 
ferent distances  apart  and  arranging  them  to  be  readily 
removed  f'-om  pin  as  desired,  any  lengths  of  ties  could  be 
made  by  simply  changing  the  2-in.  x  4-in. 

With  this  outfit  one  Mexican  at  $2  per  8-hour  day,  in 
8  hours  bent  800  tie  wires,  tied  them  in  bundles  and  piled 
them  nearby  in  shape  to  be  carried  to  carpenters. 
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ENGINEERING 
AND      CONTRACTING 


I-BEAM  AND  CONCRETE  HIGHWAY  BRIDGES  IN 
ADAMS  COUNTY,   INDIANA. 

Highway  bridges-  with  I-beams  resting  on  concrete  abut- 
ments and  carrying  a  concrete  slab  floor  are  used  ex- 
tensively in  Indiana.  The  acompanying  drawing  repre- 
sents one  of  a  number  of  such  bridges  designed  by  R.  L. 


The  deck  is  a  concrete  slab  7  in.  thick  with  the  top  of 
the  slab  4  in.  above  the  beam.  It  is  reinforced  with  heavy 
triangular  mesh.  The  two  weights  of  mesh  are  standard 
and  misplaced  reinforcement  is  almost  impossible.  Drain- 
age is  provided  over  the  wings. 

On  the  smaller  structures  the  forms  for  the  floor  and 
beam    casings    are    supported    by    heavy    wire    from    the 
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Fig.    1 — Half    Elevation    and    Half    Section. 


Longshore,    deputy    county    surveyor    of    Adams    county, 
Indiana. 

The  design  covers  spans  from  10  to  36  ft.,  using  9-in., 
21-lb.  beams  for  the  former  and  20-in.,  80-lb.  beams  for 
the  latter.     Beams  are  spaced  3  ft.  center  to  center,  re- 


Fig.   2 — Geo.   W.   Gates    Bridge. 

quiring  eight  beams  for  the  20-ft.  roadway  type  and  seven 
for  the  18-ft.  roadway. 

The  beams  rest  on  channel  wall  plates  placed  on  the 
top  of  the  abutments  while  the  concrete  is  green.  Each 
beam  is  encased  in  concrete  not  only  to  prevent  rust  but 
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Fig.  3 — Dertail  cf  Floor  and  Parapet  and  Method  of  Placing  Forms. 

also  to  take  the  place  of  the  transverse  bracing  usually 
found  in  a  bridge  of  this  type.  The  beams  are  wrapped  iji 
light  triangular  mesh  reinforcing,  and  the  same  weight 
metal  extends  into  the  parapet  walls.  ■   \ 


beams,  thus  requiring  staging  only  at  the  parapet  walls. 

On  the  larger  structures  such  as  the  one  shown  in  Fig. 
2  special  methods  of  forming  have  been  found  necessary. 
As  shown  in  Fig.  3  the  forms  are  bolted  to  2  by  4  tim- 
ber supported  on  the  beams  by  half  paving  bricks.  These 
bricks  are  flush  with  the  top  of  the  floor  and  are  left  in 
place  in  the  finished  floor.  The  bolts  are  oiled  to  permit 
of  easy  removal  and  the  holes  are  filled  with  cement  mor- 
tar. 

All  concrete  used  is  a  1:2:4  mix.  Washed  sand  and 
crushed  limestone  are  used  as  the  aggregates.  The  speci- 
fications for  concrete  follow  closely  after  the  Pennsyl- 
vania State  concrete  specifications. 

As  shown  in  the  drawing  and  photograph  the  road 
metal  is  carried  across  the  bridge  floor,  not  only  to  pro- 
tect the  slab  from  impact  but  to  avoid  chucks  at  the  ends 
of  the  bridge. 

No  steel  is  exposed  on  the  finished  structure.  This 
design  has  been  found  to  be  the  most  practicable  solu- 
tion for  the  average  short  span  bridge  in  this  county.  It 
is  well  adapted  for  sites  having  scant  head  room  and  may 
be  built  by  semi-skilled  labor  under  ordinary  inspection. 

The  bridge  shown  in  the  photograph  was  built  by  the 
Tapp  Construction  Co.  of  Fort  Wayne,  Indiana,  during 
the  season  of  1916  at  a  contract  price  of  $2,600.  The  plan 
for  the  forms  for  the  structure  was  developed  by  Mr. 
Hermann  Tapp  of  the  above  named  company. 


PERSONALS. 

J.  L.  Lee  na.s  been  appointed  Valuation  Engineer  of  the  Sierra  Ry. 
Co.  of  California  with  headciu:"iilers  at  Jamestown,  Cal. 

John  Hulst,  Chief  Mechanical  E'ngineer  oi"  the  Carnegie  Steel  Co., 
Pittsburgh,  Pa.,  has  been  appointed  Consulting  Engineer  of  the  U.  S. 
Steel  Corporation  with  headquarters  in  New  York  City.  Sidnev  Dillon, 
Mechanical  Engineer  of  the  Edgar  Thomson  Work,  to  succeed  Mr. 
Hulst  as  Chief  Mechanical  Engineer  of  the  Carnegie  Co. 

A.  L.  CrisEinger  has  been  appointed  State  Highway  Superintendent 
of  Beaver  Ci>unty,  Pennsylvania.  H.  M.  Dorwart  has  been  promoted 
from  the  Superintendercy  of  Jefferson  County  to  the  Superintendency 
of  Potter  County,  where  he  takes  the  place  of  J.  W.  Frazier,  who  has 
resigned  to  enter  privote  business.  The  state  highways  in  Jefferson 
County  have  been  placed  in  charge  of  A.  B.  Howard,  who  has  been 
appointed  a  General  Foreman.  The  vacancy  in  the  superintendency  in 
this  county  will  not  be  filled  for  the  present.  Mr.  Crissinger.  who  is  27 
years  old,  has  been  in  the  service  of  the  State  Highwa>'  Department 
for  three  years,  acting  successfully  as  .' ssistant  Foreman.  Timekeeper 
and  General  Foreman.  His  home  is  in  Greensburg.  Mr.  Dorwart  is  a 
native  of  Lancaster,  and  a  graduate  of  Franklin  and  Marshall  College. 
He  has  been  with  the  Penosylv.ani.a  State  Highway  Department  nearly 
five  years  as  Transitman,  Rodman,  Chainman,  Levelman  and  Drafts- 
man.    He  was   appointed   Superintendent  of  Jefferson   County  Aug.   1. 

INDUSTRIAL   NOTES. 

The  Standard  Scale  tt  Supply  Co.  has  moved  its  Philadelphia  office, 
^varerooms  and  service  department  from  35  S.  Fourth  St.,  to  a  new 
location  at  ."»23  Arch  St.  The  building  having  a  depth  of  nearly  300  ft 
extending  through  to  51S  Cherry  St.  These  larger  quarters  are  nec- 
essary to  take  care  of  the  various  departments  and  stock  of  concrete 
mixers,  hoisting  outfits,  power  pumps,  gasoline  and  oil  engines,  scales 
and  trucks,  as  well  as  repair  parts  for  engines,  hoists,  mixers,  etc.. 
which  are  carried  at  all  branches  of  this  company  in  connection  with 
a  special  service  department  operated  to  give  the  advantage  of  quick 
service  and  repairs  in  case  of  adjustments  or  breakdowns. 

The  .Tamestown  Shale  Paving  Brick  Co.  of  Jamestown.  X.  Y..  has 
liecome  a  licensee  of  the  Dunn  Wire-Cut  Lug  Brick  Company  of 
Conneaut.  O.,  and  will  make  wire-cut  lug  paving  brick.  This  company 
has  V>een  making  paving  brick  for  more  than  30  years  and  has  rebuilt 
its  plants  so  they  are  modern,  up-to-date,  and  fireproof.  It  has  a 
daily  capacity  of  65.000  blocks.  It  operates  five  rectangular  kilns  with 
a  dailv  capacitv  of  25,000  and  a  continuous  kiln  with  dailv  capacity 
of  40.000. 
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OUR    PLANNING    AND    MANAGEMENT   QUAR- 
TERLY    ISSUE     AND     SOME     REMARKS 
ABOUT  THE  ORIGIN  OF  "SCIENCE 
OF  MANAGEMENT." 

It  has  been  decided  to  change  the  title  of  our  "Sur- 
veying, Drafting  and  Office  Quarterly"  to  "Planning  and 
Management  Quarterly,"  which  is  published  on  the  fifth 
Wednesday  of  four  months.  A  changed  title  seems  desir- 
able, not  only  to  secure  greater  brevity  of  title  but  to 
indicate  that  this  issue  includes  articles  on  cost  keeping 
and  management. 

The  articles  on  drafting  and  surveying  naturally  fall 
under  the  general  head  of  "planning."  Articles  on  cost 
keeping — of  which  a  greater  number  will  appear  in  the 
January  issue — fall  under  the  general  head  of  "manage- 
ment." 

In  this  connection  it  may  be  of  interest  to  note  that  the 
expression  "science  of  management"  was  coined  by  the 
chief  editor  of  Engineering  and  Contracting,  and  was  first 
used  in  a  little  book  entitled  "Cost  Analysis  Engineering," 
by  Gillette  and  Dana,  published  in  1908,  from  which  we 
quote: 

Science  of  Management — The  mannging  oi  industrial  enterprises  is 
still  more  or  less  of  an  art;  but  the  art  is  fast  passing  through  the 
period  of  evolution  that  produces  a  science.  There  are^  unciuestion- 
ahl.v.  certain  underlying  principles  of  management  which  can  be  sum- 
marized into  rules  or  laws.  These  rules  or  laws  constitute  the  science 
of  management,  and  it  is  our  purpose  to  present  certain  of  the  more 
Important  laws  of  management. 

A  year  later  (1909)  the  same  authors  produced  "Cost 
Keeping  and  Management  Engineering,"  a  much  larger 
book  in  which  ten  general  laws  and  many  minor  rules  of 
the  science  of  management  were  formulated.  Following 
this  book  there  has  been  a  veritable  flood  of  literature  on 
"scientific  management."  What  we  wish  here  to  emphasize 
is  the  fact  that  it  was  two  civil  engineers  who,  through 
the  two  books  above  named,  gave  not  only  the  first  pub- 
lished expression  of  the  possibility  of  producing  a  science 
of  management  but  themselves  offered  the  fir.st  compre- 
hensive, though  admittedly  incomplete,  code  of  laws  of  the 
new  science. 

It  is  difficult  now  to  realize  that  it  is  but  slightly  less 
than  eight  years  since  "Cost  Keeping  and  Management 
Engineering"  was  written,  and  that,  therefore,  within  less 
than  a  decade  a  veritable  revolution  has  occurred  in  re- 
spect to  managerial  methods. 

The  Taylor  system  of  management  and  other  systems 
had  e.xisted  prior  to  the  conception  of  the  idea  that  a  com- 
prehensive science  of  management  could  be  produced. 
Fred  W.  Taylor,  himself  a  mechanical  engineer,  had  "in- 
vented," to  use  his  own  designation,  a  new  system  or  "art 
of  management."  by  combining  four  old  ideas  into  one 
composite  plan.  The  "differential  piece  rate  system  of 
payment"  was  one  of  these  ideas,  but,  in  their  "science 
of  management,"  Gillette  and  Dana  gave  much  greater 
breadth  to  this  idea  by  formulating  their  first  law  of  man- 
agement which  they  entitled  "payment  proportional  to 
performance."  Similarly  they  generalized  more  broadly 
each  of  the  four  ideas  that  Taylor  had  applied,  and  thereto 
they  added  many  others,  seeking  to  produce  not  "a  new 
invention" — as  Taylor  had  termed  his  system  of  manage- 
ment— but  a  general  science  of  management.  It  is  sig- 
nificant of  the  difference  of  objects  of  these  writers  to 
note  that  Taylor,  throughout  his  writings  prior  to  1909, 
repeatedly    used    the    expression    "art    of    management," 


whereas  Gillette  and  Dana  used  the  expression  "science 
of  management." 

We  do  not  mean  to  imply  either  that  Taylor  was  not 
scientific  or  that  he  lacked  sound  conceptions  as  to  scien- 
tific management.  But  we  insist  that  he  never  attempted 
to  formulate  the  broad  principles  of  a  comprehensive 
science  of  management,  for  he  seems  never  to  have  con- 
ceived such  a  possibility  prior  to  its  conception  by  others. 
Taylor  was  a  great  man  and  his  teachings  have  been  an 
inspiration  to  multitudes  of  others.  Similarly  Wellington 
(author  of  "The  Economic  Theory  of  Railway  Location") 
was  great  in  an  allied  field,  and  to  this  day  his  book  is  a 
thought-compelling  treatise  that  all  engineers  should 
study. 


WHY  SHOULD  NOT  COUNTY  ENGINEERS 
BECOME  "COUNTY  MANAGERS"? 

There  are  42  American  cities  that  have  "city  managers" 
in  place  of  mayors  and  aldermen,  and  the  number  of  cities 
thus  managed  by  civil  engineers  is  steadily  growing. 
What  county  will  emulate  the  city  of  Da>'ton,  Ohio,  and 
be  the  first  to  make  a  civil  engineer  the  "county  manager," 
as  Dayton  made  a  civil  engineer  its  "city  manager"? 

The  county  commission  form  of  government  is  far  from 
ideal.  In  rural  districts  the  county  commissioners  are 
usually  farmers  who,  although  honest,  well  meaning 
citizens,  are  seldom  possessed  of  enough  technical  knowl- 
edge to  pass  intelligently  on  all  the  engineering  problems 
that  come  before  them.  B^-idge  building,  road  work, 
drainage — these  are  all  engineering  problems,  and  they 
coi'.stitute  the  most  important  things  about  which  county 
commissioners  must  decide.  Even  the  duties  that  do  not 
involve  what  is  commonly  thought  of  as  engineering,  do 
involve  economics  of  some  sort,  and  here  also  the  engi- 
neer is,  by  his  education  and  experience,  better  qualified 
to  pass  judgment. 

Finally,  in  most  counties  the  board  of  county  commis- 
sioners meets  intermittently,  and  is  consequently  less  able 
to  give  proper  consideration  to  all  matters  than  a  "county 
manager."  Better  far  one  engineer  in  constant  session 
with  himself,  studying  the  problems  of  county  adminis- 
tration, than  three  men  meeting  ohce  in  a  while  to  con- 
sider reports,  petitions,  and  the  miscellaneous  lot  of 
things  that  pile  up  between  sessions. 

We  suggest  that  the  county  engineers  of  America  might 
do  well  to  organize  a  national  association,  having  for  its 
prime  object  the  education  of  the  public  to  the  desirabil- 
ity of  administration  of  county  affairs  by  a  county  man- 
ager. We  shall  be  glad  to  receive  suggestions  as  to  such 
an  organization,  and  to  file  the  names  of  those  of  our 
readers  who  favor  the  idea  and  wish  to  be  kept  informed 
about  it. 
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TEACH  THE  PUBLIC  WHAT  AN  ENGINEERING 
EDUCATION  MEANS. 

One  needs  but  to  read  the  editorials  in  some  of  the 
metropolitan  daily  papers  for  a  few  months  to  realize 
that  the  expression  "college  education,"  as  used  by  the 
editors,  excludes  engineering  education.  Under  the  title, 
"College  Limitations,"  a  Chicago  editor  asks  whether  "am- 
bitious boys  are  not  quite  frequently  ruined  by  college." 
He  says: 

There  are  many  mlr.ds  to  which  the  abstract  is  distasteful  and  the 
obsolete   irritating.     Not   philosophy,   but  the  application  of  individual 
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energy  to  personal  problems  Is  what  interests  them.  They  are  not 
concerned  with  history,  but  with  achievement.  What  other  men  have 
thought  about  life  and  the  record  they  have  made  of  their  Ideas  does 
not  begin  to  move  them  as  do  their  own  reactions. 

They  are  not  less  valuable  than  those  of  studious  nature.  Quite 
the  contrary.  Resourceful,  original,  agijressive  natures  sometimes  And 
It  nothing  less  than  torture  to  sit  in  the  classroom  listening  to  the 
perfunctory  addresses  of  weary  instructors,  or  spending  the  evenings 
in  application  to  studies  which  do  not  interest  them  and  which  they 
will  soon  forget.  They  Hnd  the  universities  in  many  respects  dis- 
appointing. No  one  who  comes  in  contact  with  them  has  the  qualities 
of  leadership  for  which  they  long;  the  academic  interpretations  of 
life  are  liable  to  be  meager,  cut  and  dried.  It  is  little  wonder  that 
enthusiasm  faints  and  dies,  that  personality  weakens  and  the  initia- 
tive atrophies  during  the  di-agging  four  years  of  college  life.  For  it 
does  drag  to  the  youth  not  constitutionally  fitted  for  it. 

To  depreciate  education  would  be  srtupid  indeed.  But  it  may  well 
be  asked  if  thousands  of  young  people  are  not  deflected  from  the  use 
of  their  talents  and  powers  by  too  many  years  of  study.  They  feel 
the  need  to  do.  not  to  think.  Their  power  of  achievement  exceeds 
their  capacity  for  reflection.  Have  they  not  a  right  to  choose?  Shall 
parents  consider  them  ungrateful  or  dull  because  they  prefer  to  ex- 
press themselves  through  their  first-hand  contact  with  life  instead  of 
by  means  of  memorizing  what  other  men  have  done,  thought,  and 
surmised? 

We  have  quoted  at  length  to  make  it  clear  that  the  edi- 
torial writer  had  no  conception  of  what  a  four-year  course 
in  an  engineering  college  involves.  It  is  possible  that 
he  is  among  those  who  would  argue  that  there  are  engi- 
neering schools  but  no  engineering  colleges.  In  either 
case  we  have  a  point  to  make,  namely,  the  desirability  of 
adopting  publicity  methods  that  will  bring  about  a  general 
understanding  of  the  nature  of  the  training  that  our 
engineering  colleges  give. 

While  we  grant  that  many  of  the  defects  of  the  classical 
colleges  are  to  be  found  in  the  engineering  colleges — such, 
for  example,  as  the  spending  of  too  much  time  memorizing 
data  and  too  little  in  forming  mental  habits  of  the  most 
useful  kind — still,  it  will  be  conceded  by  most  well  in- 
formed men  that  a  scientific  education  is  preferable  to  a 
classical  education,  both  in  respect  of  training  the  think- 
ing faculty  and  in  respect  of  arousing  interest  in  the  col- 
lege work. 

Let  us  improve  our  engineering  colleges  by  all  means, 
but  let  us,  at  the  same  time,  teach  the  public  more  about 
the  possibilities  of  applied  science,  which  is  engineering. 

MOTOR  TRUCKS  ON  PRIMARY  TRIANGULATION. 

Motor  trucks  were  used  by  the  U.  S.  Coast  and  Geodetic 
Survey  on  its  recently  completed  work  of  observing  on  an 
arc  of  primary  triangulation  which  extends  630  miles 
from  northern  Utah,  northwestward  to  the  Columbia  River 
in  northeastern  Oregon,  thence  westward  down  the  Colum- 
bia River  to  Portland,  Ore.  This  is  the  first  time  trucks 
have  been  used  in  primary  triangulation  and  they  proved 
so  successful  that  all  other  surveying  parties  engaged  on 
similar  work  will  use  this  meails  of  communication.  The 
trucks  carried  the  party  and  outfit  to  the  base  of  the 
peaks  on  which  observations  were  made  with  the  theodo- 
lite. The  camp  equipage  and  instruments  were  carried 
from  the  truck  to  the  top  of  the  peak  by  horses  or  by  the 
members  of  the  party. 

As  a  result  of  this  survey  about  100  stations  have  had 
their  latitudes  and  longitudes  accurately  determined  and 
have  been  substantially  monumented  with  concrete  blocks, 
which  have  inscribed  metal  tablets.  Accurate  elevations 
of  numerous  mountain  peaks  were  determined  by  this 
survey. 

Most  of  the  observations  were  made  at  night  by  use  of 
acetylene  lamps.  The  longest  distance  observed  was  134 
miles,  betwen  a  peak  in  northern  Utah  and  a  second  peak 
in  southern  Idaho.  The  lamps  were  cared  for  by  trained 
light  kepers.  In  spite  of  the  rugged  country  over  which 
this  work  was  carried  there  were  no  serious  accidents  to 
the  members  of  the  party  in  either  of  the  two  seasons 
during  which  observations  were  made. 


Securing  Good  Impression  With  Rubber  Stamp. — Rough 
surfaced  paper  can  be  smoothed  down  with  a  piece  of 
sandpaper  so  that  a  rubber  stamp  will  make  a  satisfactory 
impression.  This  scheme  is  particularly  useful  in  printing 
on  maps,  drawings  and  other  documents  for  filing  purposes. 


INVENTING  AN   INVENTOR  OR  CREATING  A 
COMPOSITE  GENIUS. 

By  Halbert  P.   Gillette. 

There  is  a  little  shop  in  Rochester,  N.  Y.,  that  is  fascinat- 
ing to  every  man  that  enters  it.  None  enter  save  in- 
ventors, would-be-inventors,  and  their  "angels."  As  this 
little  shop  is  both  the  cradle  and  the  graveyard  of  in- 
ventions, it  is  a  place  of  uncommon  interest. 

At  one  of  the  benches  in  this  little  shop  stands  a  long 
stoop-shouldered  man  and  at  intervals  he  stops  his  filing 
or  fitting  and  holds  up  a  piece  of  metal  at  which  he 
squints  critically  through  steel-rimmed  spectacles.  This 
man  has  himself  invented  innumerable  appliances  of 
every-day  usefulness,  and  there  stand  to  his  credit  two 
major  inventions.  But  in  his  later  years,  whether  through 
the  dimming  of  his  intellect  or  whether  through  the  pleas- 
ure of  helping  younger  inventors  to  succeed,  this  old  in- 
ventor devotes  most  of  his  time  to  the  making  of  models 
of  devices  designed  by  other  men.  Often,  it  is  true,  a 
"design"  that  is  brought  to  him  is  better  termed  a  hope 
or  a  vague  desire.  But  he  listens  in  his  kindly  way,  offers 
a  practical  hint,  and  shortly  he  is  given  a  commission  to 
"go  ahead  with  the  model." 

I  have  been  both  a  customer  of  his  and  an  interested 
observer  of  his  customers.  I  pronounce  him  a  genius  not 
only  at  mechanical  invention  but  at  inspiring  enthusiasm 
in  the  young  inventors  who  come  to  him  for  help.  Were 
there  a  uni\jersity  where  inventing  were  taught  as  a  pro- 
fession, and  had  I  the  power  to  do  so,  I  should  nominate 
this  man  as  a  fit  candidate  for  a  professorship. 

Inventing,  however,  is  not  yet  regarded  as  a  teachable 
art.  I  am  persuaded  that  it  is  teachable.  Surely  it  is 
inspirable — and  what  is  good  teaching  if  it  be  not  the 
act  of  inspiring  action? 

Bachelor  of  Invention  may  be  a  degree  that  will  event- 
ually find  place  with  others  now  obtainable  by  the  studi- 
ously inclined.  For  the  present  one  must  go  to  such  shops 
as  the  one  in  Rochester  and  write  one's  thesis  in  brass 
or  iron,  listen  to  lectures  from  a  "model  maker,"  and  re- 
ceive one's  parchment  from  the  patent  office. 

If  the  teaching  of  the  art  of  inventing  still  seems 
chimerical,  much  more  so  will  appear  the  suggestion  that 
inventors  can  be  invented.  An  invention,  perhaps  I  should 
have  said  before,  is  a  new  combination  of  previously 
known  "elements."  A  discovery  is  the  finding  of  a  new 
"element."  By  "element"  I  mean  any  energy-group  or 
thing  that  is  susceptible  of  combining  with  or  acting 
with  other  "elements"  to  produce  a  new  complex.  Elec- 
tric energy  is  an  "element."  The  combination  of  electric 
energy  and  a  wire  wound  around  a  core  of  iron  produces 
the  invention  of  an  electro-magnet. 

If,  then,  an  invention  consists  in  combining  energy- 
groups  or  "elements"  so  as  to  effect  new  results,  I  con- 
ceive that  it  is  possible  to  invent  an  inventor.  What,  in- 
deed, is  an  inventor  if  not  a  complex  combination  of 
nerve-cells  capable  of  conceiving  new  combinations  of 
things?  An  inventor  is  a  rare  combination,  you  will  say, 
and  so  he  is — at  least  so  he  has  been — for  it  is  not  every 
day  that  a  good  inventor  is  born.  But  although  nature 
rarely  yields  a  great  inventor,  man  is  capable  of  outdoing 
nature,  so  to  speak.  A  great  inventor  can  be  invented — 
not  only  can  be  but  has  been.  In  fact  there  are  already 
several — perhaps  a  score  or  more — "artificial"  inventors 
busily  at  work  now.  I"  give  herewith  a  photograph  of  one 
of  these  new  creatures,  and  I  call  him  a  composite  genius. 

The  composite  genius  shown  in  this  photograph  consists 
of  25  Bell  telephone  engineers  to  whose  combined  effort 
the  world  is  indebted  for  a  most  remarkable  achievement 
— the  transmission  of  the  human  voice  across  the  North 
American  continent.  The  American  Telephone  and  Tele- 
graph Co.,  having  decided  that  it  would  master  a  problem 
that  had  baffled  the  inventors  of  Europe,  put  into  the 
hands  of  a  group  of  its  brightest  engineers  the  task  of 
finding  a  commercially  practicable  way  of  talking  from 
New  York  to  San  Francisco.'  What  no  one  of  these  men 
could  have  accomplished  singly,  save  perhaps  in  a  whole 
lifetime,  was  wrought  into  reality  in  a  few  years.    Before 


November  29,   1916 
Vol.    XLVI.       No.    22 


465 


the  close  of  the  San  Francisco  Panama  Exposition,  a  year 
ago,  hundreds  of  guests  of  the  Bell  company  had  talked 
across  the  continent  and  had  heard  the  replying  voice  as 
distinctly  as  if  it  were  from  across  the  street. 

To  me,  knowing  as  I  did  that  this  was  the  achievement 
of  a  group  of  minds  working  in  concert,  the  miracle  of 
transcontinental  telephony — great  though  it  was — seemed 
overshadowed  by  an  even  greater  miracle.  I  saw  here  a 
new  order  of  being,  a  superman,  an  inventor  invented,  a 
composite  genius.     True,  I  had  heard  of  such  a  creature 


not  most  of  the  Edison  inventions  the  work  of  many  men 
rather  than  of  the  one  man,  Edison,  to  whom  the  patents 
are  granted? 

Let  me  close  with  this  suggestion:  If  there  is  merit  in 
the  composite  genius  method  of  attacking  great  problems, 
there  must  be  merit  in  the  composite  man  method  of  solv- 
ing small  problems.  Because  your  problems  are  such  that 
you  can  not  afford  to  employ  a  number  of  high  salaried 
men  to  solve  them,  do  not  go  to  the  extreme  of  attempting 
to  solve  them  by  a  one-brain  power  machine.    Have  sev- 
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The  Composite  Genius  That  IVIade  Transcontinentai  Telephony  Possible. 


before.  I  had  even  seen  parts  of  him,  but  I  had  never  be- 
fore seen  all  of  him.  I  knew  that  the  General  Electric  Co^, 
for  example,  had  produced  the  composite  genius  that  had 
invented  first  the  tungsten  lamp  and  later  the  remarkable 
nitrogen-filled  lamp.  I  knew  that  a  German  corporation 
had  produced  the  composite  genius  that  had  invented  the 
process  of  producing  synthetic  rubber.  These,  and  some 
other  specimens  of  this  new  species  of  superman,  I  had 
heard  of,  but  had  not  seen.  At  last  I  had  seen  one,  and 
I  was  impressed. 

A  generalization  began  to  take  shape  and  finally  I  gave 
it  this  form:  By  the  co-ordinated  efforts  of  a  group  of 
trained  minds,  any  problem  in  creative  reasoning  may  be 
solved  as  effectively  as  by  a  single  transcendent  genius, 
and  with  greater  speed.  The  transcendent  genius  is  a 
brain  endowed  with  keen  perception,  great  persistence, 
and  lively  power  in  co-ordinating  known  facts.  Although 
few  transcendent  geniuses  are  born,  a  relatively  great 
number  can  be  "made,"  or  formed  by  a  composition  of 
separate  minds  acting  in  unison  under  the  direction  of  a 
leader. 

There  is,  it  will  be  said,  nothing  very  novel  in  this  con- 
ception. But  the  reply  is:  Have  you,  as  a  manager,  been 
accustomed  to  attack  each  new  problem  by  co-ordinating 
several  minds  upon  it?  If  not,  then  the  generalization 
above  given  is  either  new  to  you  or  it  has  lacked  your  full 
credence.  The  truth  is  that  relatively  few  managers  at- 
tack new  problems  by  summoning  a  group  of  men  to  their 
assistance.  Usually  a  new  problem  is  handled  either  by 
the  manager  alone  or  by  some  one  man  to  whom  it  is 
assigned.  Co-operative  effort  in  military  and  naval  plan- 
ning is  not  new,  although  in  warfare  the  necessity  of 
quick  decision  has  always  tended  to  make  a  "board  of 
strategy"  somewhat  inefficient.  In  commercial  and  indus- 
trial life  there  have  long  existed  boards  of  business 
strategists,  and  perhaps  most  of  the  phenomenal  successes 
of  our  Rockefellers  and  Carnegies  are  attributable  to  their 
solving  business  problems  through  the  aid  of  groups  of 
skilled  assistants  who  work  together  on  each  new  problem. 
Be  this  as  it  may,  the  mechanical  and  chemical  inventor 
has,  until  very  recently,  been  a  monad,  a  single-cell  crea- 
ture, working  usually  for  himself,  by  himself.  Have  we 
not  come  to  a  new  era  of  invention,  when  to  the  composite 
genius  will  come  most  of  the  great  successes?  Is  not 
Edison  himself,  working  in  his  laboratory  at  the  head  of 
scores  of  assistants,  a  type  of  the  composite  genius?    Are 


eral  men  work  upon  every  new  problem,  even  if  each 
gives  only  a  fraction  of  his  time  to  it,  and  even  if  some 
of  the  men  are  not  experts  in  the  given  work  to  which  the 
problem  relates.  Often  the  best  suggestions  for  improve- 
ments in  a  given  line  come  from  men  who  have  had  little 
experience  in  that  line. 


A  SYSTEM  OF  RECORDING  TESTS  OF 
MATERIALS. 

Many  tests  of  materials  are  started  in  the  various  navy 
yards  from  which  definite  results  are  never  obtained, 
either  because  no  record  of  the  circumstances  of  the  tests 
are  made  or  because  the  tests  are  forgotten,  due  to 
changes  of  personnel.  In  order  to  make  tests  of  material 
of  more  value  and  to  get  comparative  results  from  tests 
of  similar  materials,  a  card  system  was  instituted  in  the 
New  York  Navy  Yard  in  1912.  The  essential  features  of 
this  system  are  described  as  follows  by  Civil  Engineer 
Walter  H.  Allen,  U.  S.  Navy,  in  the  September  issue  of 
Public  Works  of  the  Navy : 

For  each  test  there  is  prepared  a  record  card  5  by  8  in. 
This  card  shows  on  the  face  the  class  of  material,  the  test 
number,  the  manufacturer  and  other  data,  the  formula 
or  specification,  the  conditions  under  which  the  test  was 
conducted,  the  date  of  test,  and  the  dates  on  which  peri- 
odic inspections  are  to  be  made.  The  reverse  side  of  the 
card  is  reserved  for  final  opinion  at  the  conclusion  of  the 
test.  These  record  cards  are  filed  under  headings  for 
class  of  material.  When  the  original  record  card  is  made 
out,  an  inspection  card  is  also  prepared  and  filed  in  a 
"tickler"  for  the  month  in  which  the  first  inspection  is  to 
be  made.  The  inspection  card  shows  the  class  of  ma- 
terial, the  test  number,  the  date  of  test,  and  those  inter- 
ested in  the  test.  The  remainder  of  the  card  is  for  writ- 
ten report  of  the  inspection.  In  order  to  insure  that  the 
next  test  will  be  made,  the  inspection  card  has  on  it  the 
question.  "Has  the  next  inspection  card  been  made  out  and 
filed  in  the  tickler,"  and  the  clerk  in  charge  of  the  ma- 
terial test  file  must  make  out  the  next  inspection  card  and 
place  it  in  the  "tickler"  before  filing  the  record  card  and 
the  report  of  inspection. 

When  an  inspection  becomes  due,  the  record  and  in- 
spection cards  are  sent  to  the  inspector,  who,  after  making 
his  inspection,  returns  them  via  the  parties  interested  to 
the  file  clerk. 
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AN    OFFICE    RECORD    SYSTEM     FOR    CIVIL    ENGI- 
NEERS. 

Contiihuted    Ijy    J.    L.    Tarsoiis,    Civil    EnKineer,    lUimboldt,    Iowa. 

In  the  prosecution  of  all  business  enterprises  the  office 
system  is  of  primary  importance  as  business  success  is 
dependent  upon  economical  management  and  such  man- 
agement must  be  based  upon  correlated  and  analytical 
records  of  all  phases  of  the  business.  Just  as  truly,  an 
engineer's  success  depends  upon  his  intelligent  grasp  of 
the  same  fundamentals.  This  principle  is  well  recognized 
by  the  large  contracting  and  engineering  companies  and 
much  has  been  published  concerning  office  systems  ap- 
plicable to  their  needs.  In  the  smaller  engijieering  offices 
there  is  a  less  marked  tendency  towards  office  efficiency 
as  engineers  thus  engaged  are  more  busied  with  the  prose- 
cution of  field  work  and  are  also  more  able  to  maintain 
a  memory  grasp  of  all  details.  The  author  believes  that 
every  engineer,  even  though  an  assistant,  should  com- 
mence the  study  and  development  of  some  system  of  re- 
cording, inde.xing  and  filing  all  data  connected  with  his 
chosen  branch  of  engineering.  This  article  is  intended 
in  a  measure  to  awaken  more  interest  along  these  lines, 
by  reciting  the  methods  adopted  in  the  author's  office  and 
the  reasons  for  their  adoption. 

For  convenience  the  subject  will  be  subdivided  as  fol- 
lows: (1)  The  indexing  and  filing  of  engineering  litera- 
ture,   (2)    the   indexing   and   filing   of   drainage   surveys, 

(3)  the  indexing  and  filing  of  road  and  bridge  surveys, 

(4)  road  and  bridge  cost  records  and  (5)  correspondence 
filing. 

(1)  The  Filing  and  Indexing  of  Engineering  Literature. 
—All  periodicals,  pamphlets,  society     reports,     catalogs, 
etc.,  which  are  received  are  filed  systematically,  but  only 
information  pertaining  to  the  definite  lines  of  engineering 
practiced  are  indexed  as  it  was  considered  an  unprofitable 
use  of  time  to  index  all  subjects.     To  facilitate  their  use 
for  reference  purposes  the  pamphlets  are  sorted  accord- 
ing to  size  and  filed  under  distinguishing  letters  as  soon 
as  received.     The  standard  engineering  periodicals  which 
are  received  are  bound  by   a  local     printer     in     heavy 
manilla-board  covers  and  these  are  also  filed  under  a  dis- 
tinguishing   letter.      In   this    office   the    following   alpha- 
betical-numerical arrangement  is  used:  All  pamphlets  ap- 
proximating a  9xll-in.  size  are  placed  in  a  separate  pile  in 
a  sectional  book-case  and  numbered  consecutively  under 
the  letter  A,  as  Al,  A2,  etc.     Pamphlets  approximating  a 
6x9-in.   size  are  similarly  filed   under  B,  those   approxi- 
mating a  5x9-in.  size  under  C  and  those  approximating  a 
4x9-in.  size  under  D.     The  annual  reports  of  State  En- 
gineering Societies  of  which  a  large  number  have  been 
collected  through  the  exchange  plan  followed  by  the  State 
Engineering  Societies  are  filed  vertically  in  the  same  man- 
ner under  the  letter  E  and  all  bound  volumes  of  engineer- 
ing periodicals  under  the  letter  F.     This  subdivision  has 
served  the  needs  of  this  office  satisfactorily,  but  is  capable 
of  expansion  to  meet  the  demands  of  sizes  and  facilities 
for  filing  of  a  larger  office  or  business.    As  yet  the  pamph- 
lets filed  under  A,  B,  C,  and  D  have  been  arranged  in 
piles  in  a  set  of  sectional  shelves.     This  plan  has  proved 
objectionable  in  that  the  piles  soon  become  so  bulky  as  to 
render  difficult  the  removal  of  any  desired  pamphlet.     A 
set  of  insert  shelving  is  being  planned  which  will  permit 
the  filing  of  a  more  limited  number  of  pamphlets  on  each 
shelf  thus  rendering  them  more  readily  accessible.     No 
attempt  has  been  made  to  file  and  index  engineering  books 
in   as   systematic   a   manner   as   the   subjects   treated   by 
them  are  usually  more  specific  than  in  reports,  catalogs, 
periodicals  and  pamphlets  and  can  be  more  readily  inves- 
tigated by  reference  to  the  titles,  tables  of  contents  and 
indexes. 

By  the  use  of  this  system  of  lettering  and  numbering 
the  filing  is  readily  and  methodically  accomplished  and 
the  indexing  greatly  simplified.  Thus  if  it  is  desired  to 
index  an  article  on  Earth  Road  Drainage  from  "Engineer- 
ing and  Contracting"  it  is  only  necessary  to  enter  the  let- 
ter, number  and  page  number  on  the  index  card,  as,  F-22- 
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726  instead  of  the  more  complicated  reference  of  Eng.  & 
Contr.  Vol.  40,  p.  726. 

Only  three  indexing  divisions  have  been  used  thus  far; 
catalogs,  roads  and  drainage.  The  indexing  is  done  on 
standard  3x5-in.  cards  which  are  filed  behind  Vs  cut  di- 
viders, the  separators  being  properly  labeled  to  indicate 
the  subject  subdivisions.  These  cards  are  filed  in  the 
proper-sized  drawers  of  a  standard  make  cabinet  which 
has  been  added  to  the  office  equipment  to  facilitate  the  in- 
dexing work.  The  extent  to  which  indexing  has  been  car- 
ried did  not  seem  to  justify  the  use  of  the  Dewey  decimal 
system  and  all  matter  has  been  indexed  under  subject- 
heads  in  the  manner  referred  to.  Among  the  subject- 
heads  under  catalogs  are:  drain  tile  and  sewer  pipe, 
trenching  machinery,  concrete  materials,  road  building 
machinery,  office  supplies,  etc.,  etc.  Similarly  all  matter 
concerning  roads  and  drainage  has  been  indexed  under  a 
sufficient  number  of  subdivisions  to  render  the  investiga- 
tion of  the  literature  on  any  particular  phase  of  the  work 
comparatively  simple.  Fig.  1  illustrates  the  extent  to 
which  information  is  indexed. 

Although  the  greater  number  of  the  periodicals  and 
pamphlets  received  are  thus  cared  for  a  considerable  num- 
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ber  of  data  are  available  in  publications  not  directly  re- 
lated to  the  lines  of  engineering  practiced.  Information 
of  this  kind  is  clipped  and  filed  in  folders  with  projecting 
tabs  on  which  the  subject-heads  are  indicated  as  in  the 
case  of  the  dividers  for  the  index  cards.  These  folders 
are  filed  under  the  general  divisions  of  catalogs,  roads  and 
drainage  in  a  letter-size  cabinet  drawer  section.  Such 
folders  may  also  be  readily  filed  in  paste-board  filing  boxes 
similar  to  the  Macey  AL6. 

By  the  consistent  application  of  the  foregoing  filing  and 
indexing  system  a  large  number  of  valuable  data  may  be 
rendered  readily  accessible.  But  it  has  been  found  that 
engineering  data  in  daily  use  by  an  office  engineer  could 
be  made  more  convenient  for  reference  by  the  use  of  an 
engineering  data  book.  For  this  purpose  a  loose-leaf  ring 
book  was  utilized.  All  tables,  diagrams,  formulas  and 
general  data  in  constant  use  are  filed  in  this  book  by  copy- 
ing them  on  filler  sheets,  inserting  them  as  sheets  or  clip- 
ping them  and  pasting  them  on  blank  sheets.  Some  of 
the  tables  in  most  constant  use  have  been  copied  on  trac- 
ing cloth  and  blue-print  copies  inserted  in  this  book.  The 
data  thus  entered  is  divided  under  the  heads  of  roads  and 
drainage  by  manilla  dividers  with  projecting  tabs,  these 
subjects  being  further  subdivided  by  similar  separators. 
This  data  book  has  proven  probably  the  most  convenient 
book  in  the  office  as  the  most  pertinent  information  is  col- 
lected under  one  cover  where  it  is  convenient  for  use  and 
may  be  readily  carried  on  trips  when  desired.  In  this  con- 
nection the  author  wishes  to  emphasize  the  importance  of 
indexing  and  filing  on  loose-leaves  and  cards  instead  of  in 
bound  books.  By  the  use  of  the  loose-leaf  and  card  sys- 
tem data  may  readily  be  added  as  acquired  in  a  consecu- 
tive manner,  and  any  engineer  who  has  used  bound  books 
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for  the  purpose  will  appreciate  the  difficulties  of  esti- 
mating the  proper  space  to  be  reserved  for  future  entries 
and  of  continually  referring  to  advanced  pages. 

(2)  Indexing  and  Filing  of  Drainage  Surveys. — The  pre- 
liminary and  construction  field  notes  for  both  private  and 
drainage  district  surveys  are  recorded  in  the  usual  bound 
level  books.  These  books  are  numbered  consecutively,  the 
pages  of  each  book  being  similarly  numbered,  and  are 
filed  in  numerical  order  in  a  sectional  shelf,  the  book 
numbers  being  placed  on  the  backs  of  the  books  for  con- 
venience. The  notes  are  then  indexed  by  district  num- 
bers or  by  names  of  employers  under  alphabetical  and 
numerical  indexes.  Fig.  2  is  a  sample  index  card  for  pri- 
vate surveys  and  Fig.  3  for  drainage  district  surveys.  The 
index  cards  for  private  surveys  are  filed  under  an  alpha- 
betical set   of  dividers  and  those  for  drainage  disLricis 
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may  be  filed  by  the  use  of  ^3  cut  dividers  on  which  are 
entered  the  numbers  or  names  of  the  districts  as  the  case 
may  be.  In  cases  of  districts  containing  a  number  of  sep- 
arate units  the  note  books  are  also  indexed  in  the  front 
pages  for  the  convenient  location  of  the  notes  concern- 
ing any  particular  phase  of  the  work.  After  several  years' 
use  of  field  note  books  the  bound  books  have  been  found 
preferable  to  the  loose-leaf.  The  books  being  substan- 
tially bound  there  is  little  danger  of  loss  of  pages  by  mis- 
placing or  being  torn  out  and  blown  away  on  windy  days 
in  the  prosecution  of  field  work.  By  the  use  of  the  index 
cards  any  desired  notes  are  readily  located  in  the  bound 
books  even  though  the  notes  for  one  project  be  included 
in  several  books. 

In  the  filing  of  plats,  profiles,  blue  prints,  assessment 
rolls,  estimates  and  reports  the  following  plan  has  been 
found  the  most  practicable.  For  the  purpose  of  filing 
tracings  and  blue  prints  of  plats  and  profiles  folders  are 
used  which  are  cut  from  a  roll  of  the  toughest  manilla 
paper  that  could  be  purchased.  This  paper  is  cut  to  a  36x 
55  in.  in  size  and  folded  to  a  28x36  in.  in  size  thus  leav- 
ing one   fold   projecting   1    in.   on   which   projection   the 
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names  or  numbers  of  the  districts  contained  in  the  folder 
are  entered.  The  folder  is  used  instead  of  plain  dividing 
sheets  in  order  effectually  to  confine  the  plans.  This  plan 
of  filing  tracings  flat  is  preferable  to  filing  them  in  tubes 
as  they  are  maintained  in  the  proper  position  for  con- 
venient blue-printing.  Each  folder  may  contain  the  plans 
for  one  or  more  projects  depending  upon  the  extent  of  the 
plans.  If  more  than  one  project  is  filed  in  one  folder  plain 
manilla  sheets  are  used  as  dividers.  The  best  plan  of 
filing  these  folders  is  to  file  them  in  shallow  drawer  cab- 
inets containing  approximately  five  folders  to  the  drawer. 
The  plans  for  each  project  could  be  given  consecutive  file 
numbers  and  indexed  by  file  numbers,  but  the  districts 
being  numbered  consecutively  in  this  loc.ility  it  has  not 
been  found  necessary  to  use  other  than  district  numbers 
for  filing  purposes. 

Typewritten  reports  and  assessment  rolls  for  each  dis- 
trict are  placed  in  an  open  end  envelope  and  filed  in  a  ver- 
tical cabinet  section,  the  envelopes  being  arranged  in  nu- 
merical order  of  districts.  A  convenient  plan  of  filing  the 
sets  of  blue  prints  of  districts  under  construction  is  in 
envelopes  in  a  similar  manner  thus  allowing  of  the  carry- 
ing of  the  envelopes  in  the  pocket  during  field  work.  Spe- 
cial books  are  kept  for  the  monthly  estimates  in  which 
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carbon  copies  of  all  estimates  are  preserved.  Upon  the 
completion  of  each  district  these  copies  are  removed  and 
transferred  to  the  envelope  containing  the  remaining 
records. 

Because  of  the  conditions  under  which  tile  generally  are 
sold  by  the  tile  companies  it  is  desirable  that  the  engineer 
keep  a  record  of  the  number,  size  and  kind  of  tile  that  are 
rejected  by  the  engineer  during  construction.  Fig.  4  il- 
lustrates the  method  followed  in  recording  these  data.  In- 
stead of  indexing  these  data  in  field  books  it  has  been 
found  more  convenient  to  transfer  it  to  these  4^6-in.  cards, 
the  cards  for  the  different  districts  being  located  by  '/s 
cut  dividers.  In  addition  to  the  above  records  another 
loose-leaf  book  is  kept  called  the  Drainage  Record  book. 
The  character  of  the  information  transferred  to  this  book 
together  with  other  matter  relative  to  drainage  work  is 
explained  in  detail  in  the  author's  book,  "Land  Drain- 
age," but  in  general  all  important  information,  prelim- 
inary estimates,  tables  of  material  required,  contract 
prices,  names  of  contractors,  dates  of  commencement  of 
work,  dates  of  completion  of  work,  description  of  con- 
struction difliculties  and  methods,  kinds  of  machin- 
ery   used,     and     later    data    on     the     success     or    fail- 
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,ure  of  the  project  are  recorded  in  this  book  in  con- 
cise form.  This  book  has  more  than  justified  the  labor  in- 
volved by  its  convenience  for  continual  reference  during 
construction  and  for  reference  in  the  design  of  new 
projects. 

(3)  Indexing  and  Filing  of  Road  Surveys. — The  field 
notes  for  road  surveys  are  taken  in  standard  bound  level 
books  as  in  drainage  work.  In  general  these  notes  include 
alignment  notes,  cross-section  notes,  tile  drain  notes,  and 
construction  notes.  All  the  notes  for  any  particular  sec- 
tion of  road  are  kept  on  consecutive  pages  of  the  same 
note  boo1<  if  possible  and  in  case  all  the  notes  are  not 
completed  .at  one  time  the  number  of  pages  necessary  is 
estimated  and  left  blank.  However,  because  of  the  sys- 
tem of  indexing  used,  no  great  inconvenience  results  from 
including  the  notes  in  two  or  more  books.  Standard  cross- 
section  books  are  also  used  in  which  are  listed  the  essen- 
tial features  of  the  design  of  the  grade  line  of  a  road,  as: 
elevations  of  surface  and  grade  lines,  depth  of  cut  or 
height  of  fill,  distances  from  center  line  to  toe  of  fill  or 
edge  of  cut,  depths  of  cut  from  edge  of  cut  to  bottoms  of 
ditches  or  heights  of  fills  from  toes  of  fills  to  edges  of 
shoulders,  cubic  yards  cut  and  fill  for  each  100  ft.  section, 
etc.     The  preliminary  notes  have  been  taken  with  such 
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accuracy  that  the  slope  stakes  have  been  successfully  set 
directly  from  these  notes.  All  of  the  note  books  referred 
to  are  numbered  consecutively  and  filed  in  numerical  or- 
der in  a  sectional  shelf  case. 

The  profile  and  cross-section  sheets  for  each  section  of 
road  are  fastened  together  with  a  paper  staple  and  filed  in 
a  manilla  folder  similar  to  those  used  in  drainage  work. 
A  file  number  is  assigned  to  each  section  of  road,  this 
number  being  printed  on  each  sheet  of  the  plans  for  iden- 
tification. The  plans  for  five  sections  are  filed  in  each 
folder  and  the  file  numbers  entered  on  the  projecting 
edges  of  the  folders.  The  folders  are  then  filed  in  shal- 
low cabinet  drawers  in  numerical  order  of  filing  num- 
bers. The  inde.xing  of  the  note-books  and  plans  is  readily 
accomplished  by  assigning  a  3x5-in.  card  to  each  section 
of  road  on  which  all  data  concerning  that  section  is  in- 
dexed by  book  number,  page  number  and  file  number.  Fig. 
5  is  a  sample  index  card.  Since  the  various  county  roads 
are  given  distinguishing  names,  as  the  Humboldt-Gilmore 
City  Road,  and  the  road  sections  are  lettered  in  alpha- 
betical order  it  is  a  simple  matter  to  arrange  the  index 
cards  for  a  given  road  in  alphabetical  order  behind  a  sep- 
arator on  which  is  entered  the  name  of  the  road.  By  the 
use  of  this  system  it  requires  only  a  moment  of  time  to 
locate  the  desired  notes  or  plans  for  any  section  of  road. 

In  the  line  of  bridge  work  the  county  engineer  is  re- 
quired by  the  Iowa  law  under  the  supervision  of  the  High- 
way Commission  to  design  all  bridges  and  keep  a  com- 
plete record  of  all  new  bridges  constructed  and  of  all  re- 
pairs made  on  old  bridges.  An  effort  has  been  made  to 
systematize  this  work  in  order  to  escape  a  chaos  of  data 
which  would  be  both  unsatisfactory  and  unduly  expensive. 
As  it  was  impossible  because  of  local  restrictions  to  com- 
plete a  set  of  bridge  records  and  a  bridge  map  for  the  en- 
tire county  in  a  reasonably  short  time  whereby  bridges 
could  be  assigned  consecutive  numbers  the  following  plan 
was  adopted.  A  loose-leaf  book  was  carried  constantly  in 
the  prosecution  of  all  field  work  and  as  opportunity  of- 
fered the  field  notes  for  bridges  and  culverts  in  that  par- 
ticular section  of  the  county  were  taken.  By  this  use  of 
the  odds  and  ends  of  time  together  with  the  notes  taken 
in  the  actual  survey  of  roads  the  notes  for  1020  bridges 
and  culverts  were  taken  in  one  season.  Notes  were  taken 
in  all  cases  whether  the  existing  structure  consisted  of 
concrete,  steel,  wood  or  corrugated  pipe  in  order  that  the 
future  disposition  of  the  structure  could  be  intelligently 
considered  in  the  office  without  additional  trips  being  re- 
quired. After  the  taking  of  the  field  notes  they  were 
transferred  to  an  office  sheet.  Fig.  6  and  each  bridge  was 
given  a  number,  the  bridges  being  numbered  consecutive- 
ly as  recorded.  To  avoid  delay  in  the  locating  of  a  par- 
ticular bridge  each  bridge  was  also  given  a  letter  corre- 
sponding to  the  beginning  letter  of  the  name  of  the  town- 
ship in  which  the  bridge  was  situated.  These  records 
were  then  filed  in  loose-leaf  covers,  150  sheets  being  con- 
veniently included  in  each  cover.  Small  scale  tracings  of  ' 
the  townships  were  made  to  a  scale  of  2  in.  per  mile  for 
a  bridge  map  to  which  the  bridges  were  transferred  by 
inking  in  the  bridge  legend  in  the  proper  locations  and 
printing  in  the  numbers  of  the  bridges  opposite  the 
legend.  The  following  legend  is  suggested:  Wooden 
bridges  and  other  temporary  structures —  ,  all  steel 
bridges —  ,  and  concrete-steel  and  concrete  bridges — 
On  these  plats  are  also  designated  the  county  roads, 
their  names  and  distinguishing  letters.  Blue  prints  of 
these  plats  have  proven  very  convenient  not  only  in  the 
work  of  the  county  engineer,  but  also  to  contractors  and 
workmen  engaged  in  the  construction  and  repair  of  roads 
and  bridges. 

The  bridge  plats  being  too  small  to  permit  the  designa- 
tion of  topographical  features  and  as  it  was  undesirable 
to  increase  their  size  or  to  complicate  them  with  a  con- 
fusion of  data  because  of  their  varied  use  a  set  of  larger 
scale  township  plats  were  made  on  tracing  cloth  to  a  scale 
of  4  in.  per  mile  to  be  used  as  topographical  maps.  The 
scale  distance  between  road  lines  was  exaggerated  be- 
cause of  the  extensive  road  data  that  would  be  eventually 
included.    The  purposes  to  be  served  by  these  plats  largely 


governed  the  information  that  was  shown.  Since  the 
drainage  area  is  primarily  essential  in  the  design  of 
bridges,  all  known  drainage  area  divides  were  indicated. 
As  the  county  has  been  largely  included  in  drainage  dis- 
trict organizations  the  transference  of  the  divide  lines 
affecting  the  roads  from  the  county  drainage  district  plats 
closely  determined  the  drainage  areas  for  the  greater  por- 
tion of  the  bridges  in  the  county.  Divides  not  thus  de- 
termined are  taken  as  needed  and  indicated  on  the  plat. 
Since  the  presence  of  open  ditches  and  tile  lines  should  be 
known  in  many  cases  to  facilitate  and  render  more  intelli- 
gent the  design  of  road  tile  lines  and  the  installation  of 
inlets  to  replace  small  culverts  and  care  for  surface 
waters  these  open  and  closed  drains  are  also  indicated 
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on  the  topographical  maps,  the  sizes  of  the  tile  at  all  road 
crossings  being  indicated.  All  the  past  records  of  private 
and  consent  drainage  district  work  were  investigated  and 
those  drains  affecting  roads  were  similarly  indicated.  In- 
lets are  indicated  on  the  plats  by  small  circles.  Later  it  is 
hoped  that  the  entire  county  may  be  connected  with  a  sea- 
level  bench  mark  by  a  system  of  sub-bench  marks  and  the 
elevations  of  all  the  districts  in  the  county  connected  to 
this  system  and  be  thus  reduced  to  a  common  datura. 
When  this  is  done  and  the  greater  portion  of  the  county 
roads  are  surveyed  a  fairly  complete  set  of  contour  lines 
may  be  added  which  will  greatly  aid  in  studying  the  dis- 
charge of  the  different  drainage  areas  and  consequently  in 
determining  the  sizes  of  bridges,  open  ditches  and  tile 
lines.  It  is  here  suggested  that  if  the  different  counties 
of  Iowa  and  other  states  would  co-operate  in  a  work  of 
this  kind  valuable  engineering  data  could  be  thus  ac- 
cumulated with  little  added  expense.  As  in  the  case  of 
the  bridge  maps  the  county  roads  were  indicated,  but  as 
yet  the  bridges  have  not  been  shown  as  these  plats  are 
considered  as  exclusively  for  topographical  purposes.  An- 
other use  has  been  considered  for  them,  but  not  put  in  use 
as  yet,  that  of  using  a  set  of  blue  or  black  line  prints  on 
a  white  background  of  linen  as  a  construction  progress 
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map.  Water  colors  could  be  utilized  to  indicate  the  com- 
pletion of  the  shaping- of  the  roads,  completion  of  grading 
to  a  finished  grade  line  and  cross-section,  completion  of 
graveling,  etc. 

In  the  filing  of  bridge  plans  the  manilla  folders  are 
made  use  of  again.  The  plans  for  the  different  bridges 
are  filed  in  numerical  order  of  bridges  built  in  a  manner 
similar  to  the  filing  of  plans  for  road  improvements.  Since 
the  greater  portion  of  the  smaller  concrete  culverts  are 
built  from  standard  designs,  only  a  set  of  these  standards 
is  filed  in  these  cases  instead  of  designs  for  individual 
bridges.  For  convenience  all  the  square  box  culvert  plans 
have  been  filed  in  one  folder.  The  plans  for  rectangular 
boxes  and  circular  culverts  are  also  filed  separately  in  a 
similar  manner. 


November  29,   1916 
Vol.    XLVI.       No.    22 

In  the  road  and  bridge  work  of  this  county  one  line  of 
work  has  been  undertaken  not  directly  required  of  county 
engineers  in  this  state,  this  being  the  preservation  and 
recording  of  government  corners.  The  Iowa  general  laws 
are  very  lax  with  respect  to  land  surveys  there  being  no 
engineers  officially  designated  to  make  and  record  them. 
The  only  reference  to  this  work  in  the  highway  law  is  a 
clause  fixing  a  penalty  for  willfully  allowing  the  removal 
of  corner  stones  in  grading  operations.  The  thorough 
survey  of  roads  for  improvement  would  naturally  require 
that  a  search  for  corners  be  made,  but  because  of  the  ab- 
sence of  many  of  them  and  the  difficulty  of  finding  those 
still  remaining  many  county  engineers  have  based  their 
surveys  on  estimated  locations  only.  It  needs  little  argu- 
ment in  these  days  of  growing  land  values  to  prove  the 
contention  that  a  systematic  preservation  of  corners  is  of 
great  importance.  So  in  our  work  in  this  county  an  at- 
tempt has  been  made  in  a  measure  to  care  for  this  neg- 
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heavy  loose-leaf  book  was  appropriated  for  use  as  a  bill 
register  to  which  all  bills  were  transferred  in  alphabetical 
order  of  names  of  claimants.  (Fig.  9.)  As  the  work  of 
the  counties  becomes  more  complicated  and  extensive  it 
will  probably  be  necessary  to  use  more  detailed  forms, 
but  under  present  conditions  these  have  served  admirably. 
In  order  that  total  and  unit  costs  might  be  made  more 
accessible  than  by  the  bill  register  summaries  of  costs  and 
data  were  made  periodically  and  transferred  to  summary 
sheets  (Fig.  10)  contained  in  a  loose-leaf  book  similar  to 
the  bill-register  book,  the  sheets  being  arranged  in  alpha- 
betical order  of  road  sections  under  tabbed  dividers  on 
which  were  entered  the  names  of  the  roads. 

All  bills  allowed  on  bridge  work  were  also  included  in 
the  bill  register  and  thus  far  transference  of  important 
data;  unit  costs  of  concrete  and  steel,  etc.,  has  been  made 
to  the  bridge  record  sheets.  This  plan  somewhat  crowds 
the  data  on  these  sheets  but  it  did  not  seem  desirable  or 
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lected  work  as  an  auxiliary  to  the  highway  and  bridge 
work.  In  all  cases  where  it  was  necessary  to  locate  the 
center  line  of  a  road  in  the  survey  of  a  road  or  the  loca- 
tion of  a  new  bridge,  a  thorough  search  was  made  for  any 
stones,  stakes  or  other  material  that  had  been  used  to  pre- 
serve the  section  and  quarter  section  corners.  If  success- 
ful in  finding  some  satisfactory  evidence  iron  pins,  2  ft. 
long  and  1  in.  square  were  driven  beside  or  under  the 
stake  or  stone  found.  Iron  pins  were  used  as  the  time  and 
means  for  placing  concrete  markers  was  not  available  and 
it  was  believed  that  the  pins  would  not  be  subject  to  re- 
moval as  readily  as  the  markers  used  in  the  past  and  when 
relocated  their  purpose  would  be  more  certain  than  would 
field  stones  of  more  common  natural  occurrence.  In  or- 
der that  the  corners  thus  marked  might  be  readily  found 
in  the  future  without  unnecessary  searching  a  complete 
set  of  measurements  to  existing  farm  corner  posts  were 
taken  (Fig.  7).  These  measurements  were  transferred  to 
tracing  sheets  in  the  office  (Fig.  8)  in  order  that  blue 
prints  might  be  made  for  field  use.  To  further  assist  in 
the  investigation  of  desired  corners  a  small  scale  section 
line  plat  of  the  entire  county  was  made  on  tracing  cloth 
on  which  known  corners  were  indicated  by  solid  circles. 


necessary  to  start  a  separate  set  of  records  for  this  pur- 
pose. 

One  result  of  this  system  of  cost-keeping  has  been  to 
emphasize  the  following  points:  That  day  labor  work  is 
advantageous  in  that  there  is  less  delay  in  getting  work 
under  way  and  less  difficulty  in  getting  the  work  com- 
pleted in  accordance  with  the  plans.  That  day  labor  work 
is  disadvantageous  in  that  cost  is  excessive  in  approxi- 
mately 50  per  cent  of  the  cases  because  of  the  difficulty  of 
securing  efficient  foremen  who  will  accomplish  economical 
work.  And  finally  that  the  contract  system  is  most  eco- 
nomical unless  the  engineer  or  superintendent  is  e.\- 
ceptionally  capable  in  training  foremen  and  eliminating 
the  inefficient  and  is  given  full  power  to  manage  this 
phase  of  the  work  without  undue  interference  by  the  su- 
pervisors. 

(5)  Correspondence  Filing. — The  ordinary  practice  of 
filing  correspondence  alphabetically  in  a  cabinet  drawer  is 
followed  in  general.  Most  of  the  correspondence  rela- 
tive to  drainage  work  is  filed  in  folders,  one  folder  being 
assigned  to  each  drainage  district,  and  all  letters  received 
are  filed  in  the  proper  folders  regardless  of  alphabetical 
arrangement.     This   plan   has  proven  convenient  as  the 
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In  addition  to  the  corners  found  in  road  and  bridge  sur- 
veys a  considerable  number  were  found  and  recorded  in 
the  prosecution  of  private  and  drainage  district  surveys. 
One  resulting  benefit  of  importance  was  the  replacing  of 
old  wooden  stakes  which  in  a  short  time  would  become 
totally  destroyed  through  decay  by  permanent  markers. 

(4)  Road  and  Bridge  Cost  Records. — As  yet  in  this  state 
because  of  the  newness  of  the  highway  law,  antagonism  of 
supervisors  and  employment  of  county  engineers  by  the 
supervisors,  the  county  engineer  is  unable  to  surround 
himself  with  the  trained  foremen,  time-keepers  and  in- 
spectors necessary  to  the  accumulation  of  real  cost  data 
records.  However,  with  proper  attention,  it  is  possible  to 
ascertain  unit  and  total  costs  with  sufficient  accuracy  to 
make  comparisons  between  the  resulting  comparative 
costs  of  doing  work  by  different  methods.  In  order  that 
a  complete  record  of  all  bills  paid  might  be  constantly 
available  for  reference  in  the  county  engineer's  office  a 


total  correspondence  for  a  certain  project  can  thus  be  in- 
vestigated in  a  very  short  time  without  an  extended  search 
of  the  alphabetical  index.  A  similar  plan  has  been  fol- 
lowed in  much  of  the  highway  and  private  work.  In  short, 
in  this  phase  of  the  work,  as  in  all  other  phases  of  the 
business  an  attempt  has  been  made  to  evolve  a  simple  sys- 
tem whereby  any  desired  data  might  be  located  with  a 
minimum  expenditure  of  time  both  in  keeping  up  the  sys- 
tem and  in  its  application. 


Printing  from  Carbon  Sheets. — Sheets  of  carbon  paper 
furnish  an  excellent  medium  for  tracing  magazine  cuts. 
The  cut  is  traced  with  a  sharp  pencil.  The  print  made 
from  the  carbon  paper  shows  blue  lines  on  a  white  back- 
ground, thus  making  it  possible  to  put  in  pencil  notes. 
The  carbon  sheets  can  be  renewed  by  holding  them  against 
a  hot  surface. 
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A    RATIONAL   THEORY    OF    PRORATING   JOINT 
OR  INDIRECT  COSTS. 

By    Halbert    P.    Gillette.. 

Where  a  plant  is  used  to  produce  only  one  class  and 
size  of  units  no  question  arises  as  to  prorating  joint  costs, 
for  then  the  total  cost  during-  a  given  period  of  time  di- 
vided by  the  total  number  of  units  produced  in  that  time 
gi%-es  the  true  and  full  unit  cost,  assuming  that  the  de- 
preciation costs,  lost  time,  etc.,  have  been  properly 
equated.  But  where  a  plant  produces  units  of  diiferent 
classes  or  sizes  the  question  of  prorating  the  joint  costs 
often  becomes  vitally  important. 

The  history  of  industry  furnishes  many  examples  of 
crippled  business,  attributable  largely  to  improper  meth- 
ods of  prorating  joint  costs.  If  one  of  the  joint  products 
is  priced  at  less  than  is  equitable,  while  another  product 
is  priced  at  more  than  is  equitable,  the  resulting  large 
demand  for  the  underpriced  product  may  .■speedily  pile  up 
losses,  while  at  the  same  time  the  decreased  demand  for 
the  overpriced  product  may  cut  down  the  profitable  sales 
to  a  vanishing  point. 

Another  source  of  loss  from  inequitable  prorating  of 
joint  costs  is  to  be  found  where  a  "side  line"  of  products 
is  improperly  loaded  with  cost  charges  and  made  to  ap- 
pear to  be  unprofitable.  Thus  many  a  "side  line"  is  stifled 
before  it  has  had  a' chance  to  become  more  than  a  "side 
line." 

Before  a  rational  theory  of  prorating  joint  costs  can 
be  developed,  the  prime  objects  of  cost  keeping  and  cost 
analysis  must  be  considered.  Correct  unit  costs  are  de- 
sirable for  two  purposes:  (1)  To  furnish  a  basis  for  fi.x- 
ing  equitable  and  profitable  unit  prices;  and  (2)  to  pro- 
vide accurate  criteria  by  which  to  judge  the  economic 
efficiency  of  men,  machines  and  methods.  Both  these  ob- 
jects are  attained  when  joint  costs  are  so  prorated  that 
the  resulting  unit  costs  may  be  compared  with  similar 
unit  costs  incurred  where  no  prorating  is  necessary.  Thus 
a  merchant  who  deals  in  many  kinds  of  goods  should  so 
prorate  the  joint  costs — rent,  insurance,  delivery,  clerical, 
management,  etc. — that  he  may  compare  the  unit  cost 
of  any  class  of  goods  with  the  unit  price  charged  by  a 
competitor  who  specializes  in  that  particular  class  of 
goods.  For  example,  the  unit  cost  of  candy  sold  by  a  de- 
partment store  should  be  comparable  with  the  unit  price 
of  candy  charged  by  a  candy  store,  or,  better  still,  with 
the  unit  cost  of  candy  in  a  candy  store. 

If  a  prorating  theory  is  such  as  to  prevent  equitable 
comparison  of  unit  costs  of  joint  production  with  unit 
costs  of  separate  production,  then  the  economic  eflftciency 
of  joint  production  can  not  be  gaged  by  comparison  with 
separate  production.  Furthermore,  equitable  unit  prices 
that  will  attract  business  and  secure  adequate  profit  can 
not  readily  be  made  unless  the  unit  costs  of  joint  produc- 
tion are  strictly  comparable  with  those  of  separate  pro- 
duction. 

If  this  is  a  sound  economic  premise,  it  follows  that  a 
rational  method  of  prorating  joint  costs  must  be  one  that 
is  based  on  costs  incurred  under  the  most  economic  pro- 
duction of  each  class  of  units  by  a  separate  plant  for 
each  class. 

In  this  connection  it  is  well  to  note  the  significance  of 
the  fact  that  joint  costs  can  not  be  prorated  at  all  where 
separate  production  of  each  of  the  units  is  not  possible. 
Thus,  the  total  joint  cost  of  all  the  parts  of  a  beef  may 
be  known,  but  the  unit  cost  of  each  its  various  market- 
able parts — sirloin,  chuck,  liver,  etc. — can  not  be  deter- 
mined. If  under  such  a  condition  joint  costs  can  not  be 
prorated,  it  follows  that  the  one  condition  precedent  to 
prorating  joint  costs  is  the  ability  to  secure  unit  costs 
of  each  class  of  units  where  no  other  class  of  units  is 
produced. 

We  thus  come  to  this  important  generalization  as  to 
prorating  joint  costs: 

Where  several  classes  of  units  are  produced  jointly,  the 
total  cost  of  joint  production  must  be  prorated  among  the 
several  classes  in  proportion  to  the  cost  of  producing  each 
class    (or  its   equivalent)    by  a   separate  plant   designed 
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solely  for  the  economic  production  of  the  given  number 
of  units  of  that  class. 

For  convenience  of  reference  I  will  term  this  rule  the 
.separate  plant  theory  of  prorating  joint  costs,  or,  briefly, 
the  separate  plant  theory.  Where  the  by-product  cost 
theory— which  will  be  considered  later— is  not  involved, 
this  separate  plant  theory  is  applicable  under  all  condi- 
tions, and  the  application  of  it  will  disclose  both  the  true 
economic  efliciency  of  production  and  the  equitable  unit 
price  of  each  class  of  products  jointly  produced. 

Joint  production  of  different  classes  of  products  is  an 
economic  mistake  unless  the  total  resulting  cost  is  less 
than  the  sum  of  the  costs  of  producing  the  products  sep- 
arately or  in  joint  groups  of  fewer  different  classes.    The 
saving  effected  by  joint  production  is  to  be  allocated  to 
the  different   classes   of  products.     The    separate    plant 
theory  allocates  this  saving  in  proportion  to  the  costs  of 
separate    production.     Were   two    independent    manufac- 
turers of  different  products  intending  to  join  forces,  and 
were  these  manufacturers   making  the   sains   percentage 
of  profit  on  the  cost  of  their  products,  it  i?  evident  that 
each  would  regard  it  as  fair  to  accept  his  share  of  the 
increased  profit  resulting  from  the  consolidation  in  pro- 
portion to  his  total  original  cost  of  production.    Similarly 
if  a  company  whose  sole  business  was  furnishing  elec- 
tric power  to  a  street  railway  were  to  consolidate  with 
a  company  whose  sole  business  was  furnishing  electricity 
for  street   lighting,  the   resulting  saving  in   the  cost  of 
generating  current  in  a  joint  power  plant  would  be  equi- 
tably allotted  to  each  company  in  proportion  to  its  inde- 
pendent cost  of  generating  current,  the  only  proviso  being 
that   each   company   had   an    economic   generating  plant. 
Since,  under  such  conditions,  the  investment  in  each  of 
the    two    separate    generating   plants    would   be    roughly 
proportional  to  their  respective  peak  loads,  it  follows  that 
an    approximation   to   the   separate   plant   theory   is   had 
when  the  first  cost  of  a  joint  generating  plant  is  prorated 
to  the  different  classes  of  electric  service  in  proportion 
to  the  separate  peak  load  of  each  class.     The  peak  load 
theory   of   prorating   investment   is   therefore   justifiable 
only  when  it  conforms  in  its  results  rather  closely  to  the 
results   obtained   by   application   of  the    separate    plant 
theory. 

While   generating   plant    investment   is    a    function    of 
peak  loads,  fuel  expense  is  a  function  of  the  amount  of 
current   generated,   as   well   as   of   certain   other   factors 
such  as  the  shape  of  the  load  curve.    But  all  these  varj-- 
ing  factors  are  given  their  proper  recognition  in  prorat- 
ing joint  fuel  expense  when  the  separate  plant  theory  is 
applied.     Likewise  every  other  operating  expense  is  prop- 
erly prorated  on  the  separate  plant  theory.     When  this 
fact  is  clearly  perceived,  a  key  is  had  to  the  solution  of 
all    the    troublesome    prorating    problems    that    confront 
the  person  who  is  trying  to  ascertain  what  are  equitable 
rates  of  charge  for  electricity  or  other  public  utility  serv-. 
ice  furnished  to  different  classes  of  customers.     Indeed 
the  separate  plant  theory,  when  fully  understood,  leads 
to  a  proper  recognition  of  the  various  competitive  con- 
ditions that  are  so  apt  to  break  down  any  system  of  rates 
of  charge  based  on  the  ordinary  methods  of  cost  analysis. 
Turning  back  to  the  rule  for  prorating,  above  given, 
it  will  be  seen  that  the  separate  plant  need  not  produce 
precisely  the  same  sort  and  number  of  units,  provided  it 
produces  their  equivalent.     By  this  I  mean  the  competi- 
tive equivalent  or  substitute  service.     To  illustrate,  as- 
sume the  existence  of  a  steam  railway  paralleling  a  navi- 
gable river  and  handling  a  heavy  freight  traffic,  but  a 
light   passenger  traffic.     If   it   were  not   for  the   freight 
traflic  an  electric  trolley  line  would  handle  the  passenger 
traffic  most  economically.    Were  it  not  for  the  passenger 
traffic,  the  freight  would  be  most  economically  hauled  in 
barges.    But,  by  virtue  of  the  combined  traffic,  the  steam 
railway  is  more  economic  than  a  separate  trolley  line  and 
a  separate  barge  line.     The  total  annual  joint  costs  of 
the  steam  railway  are  properly  prorated  to  the  two  classes 
of  traffic — freight  and   passenger — in   proportion   to  the 
annual   costs    by    the    most    economic    separate   plants, 
namely,  a  barge  line  and  a  trolley  line.     The  barge  line 
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would  not  give  precisely  the  same  sort  of  service  as  the 
steam  rail  service,  but  it  would  give  its  equivalent — an 
economic  stubstitute  service. 

One  paragraph  of  digression  may  perhaps  be  pardonea. 
The  efforts  of  railways  to  eliminate  water  competition 
have  caused  many  unfavorable  comments,  resulting 
finally  in  legislation  to  prohibit  such  "iniciuitous  throt- 
tling of.  free  competition."  Yet  a  better  understanding 
of  the  4jrinciples  of  economics  may  fully  justify  the  elim- 
ination of  water  borne  traffic  in  many  places.  Certainly 
if  one  railway  line  can  handle  the  combined  traffic  at  a 
lower  cost  than  the  sum  of  the  costs  with  separate  rail- 
way and  boat  lines,  it  is  economic  to  eliminate  water 
traffic.  But  when  such  elimination  is  effected,  equitable 
rates  of  charge  are  to  be  determined  by  application  of  the 
separate  plant  theory. 

Average  Cost  Fallacies. — Unless  the  separate  plant 
theory,  or  some  approximation  to  it,  is  applied  in  cost 
analysis,  so-called  "average  unit  costs"  are  often  calcu- 
lated and  used  in  price  making.  Yet  the  "average"  may 
be  improperly  applied  in  price  making.  Thus,  the  aver- 
age cost  of  generating  electric  current  in  a  central  sta- 
tion may  be  1  ct.  per  K.  ^V.  H.,  where  the  average  station 
load  factor  is,  say,  40  per  cent.  But  to  use  this  1  ct.  cost 
as  a  basis  for  charging  residence  lighting  customers 
would  be  economically  wrong,  even  were  ihere  no  dis- 
tribution and  service  costs.  Residence  customers  causing 
a  station  load  factor  of  15  per  cent,  business  customers 
22  per  cent,  and  large  power  customers  60  per  cent,  may 
so  amalgamate  as  to  cause  an  average  of  40  per  cent  sta- 
tion load  factor;  but,  as  none  of  the  three  classes  would 
alone  cause  a  40  per  cent  average,  none  should  equitably 
be  charged  on  the  basis  of  the  average  1  ct.  generating 
cost. 

While  the  electrical  engineers  and  managers  recognize 
the  importance  of  such  a  distinction,  the  general  public 
often  does  not.  Even  keen  business  men  are  frequently 
so  ignorant  of  the  principles  of  correct  prorating  of  costs 
that  they  are  easily  misled  by  such  sophistical  arguments 
as  this:  "Small  shippers  of  freight  are  charged  the  same 
car  load  rates  as  are  large  shippers.  Hence  small  users 
of  electric  current  should  be  charged  the  same  rate  as 
large  users — a  rate  based  on  the  average  cost  and  there- 
fore not  discriminatory. 

The  average  cost  sophistry  is  often  best  exposed  by  in- 
sisting upon  the  application  of  average  cost  to  individual 
cases  only  where  the  individual  case  corresponds  with  the 
same  average  economic  conditions. 

It  has  been  .seriously  proposed  to  estimate  all  rates  of 
charge  for  railway  freight  service  of  a  given  class  by 
application  of  a  rule  like  this:  To  a  fixed  cost  of  blank 
cents  per  ton  add  blank  cents  per  ton-mile. 

In  estimating  the  cost  of  hauling  uniform  loads  by 
wagon,  such  a  rule  is  applicable,  provided  all  conditions 
are  the  same  as  those  upon  which  the  cost  rule  is  based. 
But  in  hauling  miscellaneous  freight  with  a  railway 
plant,  the  prorating  of  fixedx-osts  upon  any  general  aver- 
age theory  leads  to  economically  absurd  results.  In  a 
given  railway  it  might  be  concluded  that  if  the  total  costs 
not  affected  by  the  length  of  haul  were  divided  by  the 
total  tons  of  freight,  there  would  be  an  average  cost  of, 
say,  $1  per  ton.  Then  the  cost  of  moving  the  freight 
might  be  I4  ct.  per  ton-mile.  If  rates  were  based  on  such 
an  aplication  of  averages  in  allocating  total  costs,  this 
absurd  result  would  occur:  That  it  would  be  cheaper  to 
haul  freight  10  miles  by  motor  trucks  than  by  rail.  Now, 
as  a  matter  of  fact,  precisely  that  sort  of  economic  ab- 
surdity is  actually  to  be  found  not  only  in  freight  rates 
but  in  the  prices  charged  for  all  sorts  of  products  and 
services.  When  traced  to  the  cause,  the  cause  will 
usually  be  found  to  be  improper  prorating  of  joint  costs 
and  the  use  of  so-called  "average  costs"  as  a  basis  for 
pricing. 

Fallacies  in  Prorating  Proportionally  to  Direct  Costs. — 
Almost  as  prolific  in  error  as  the  "average  cost  theory" 
is  the  theory  of  prorating  all  joint  costs  in  proportion  to 
direct  costs.  Yet  all  books  on  accountancy  concur  in  rec- 
ommending this  method  of  prorating.     There  are,  it  is 
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true,  certain  joint  or  indirect  elements  of  cost  that  are  al- 
most direct  functions  of  certain  direct  costs.  Thus  the 
general  foreman  in  charge  of  several  gangs  doing  differ- 
ent kinds  of  work  is  likely  to  give  each  gang  an  amount 
of  his  time  proportional  to  the  number  of  men  in  each 
gang.  So,  too,  shop  rent  is  closely  related  to  the  num- 
ber of  workmen  in  certain  cases,  and  therefore  is  prop- 
erly prorated  to  the  direct  cost  of  labor  where  wages 
are  relatively  uniform.  But  there  are  endless  conditions 
under  which  joint  costs  are  not  direct  functions  of  di- 
rect costs.  Indeed  certain  joint  costs,  notably  plant  in- 
terest, may  increase  as  the  direct  costs  decrease.  For 
example,  where  power  is  generated  hydro-electrically  the 
direct  labor  costs  grow  relatively  smaller  as  the  invest- 
ment in  the  power  plant  increases.  How  irrational,  then, 
is  it  to  apportion  interest  and  depreciation  charges  in 
proportion  to  the  cost  of  direct  labor  in  such  a  plant. 

Estimating  Direct  Costs  by  Approximation. — Direct 
costs  are  those  directly  assignable  to  a  unit  or  group  of 
similar  units  of  product.  If  it  were  possible  to  keep  a 
record  of  the  time  spent  by  each  workman  on  each  class 
of  units,  no  prorating  of  labor  costs  would  be  necessary 
except  as  to  the  cost  of  idle  or  lost  time.  It  is  often  im- 
practicable to  keep  continuous  time  records  of  each  class 
of  work  done  by  each  workman.  In  such  cases  some  sim- 
ple method  of  prorating  the  labor  cost  is  used,  and  the 
common  mistake  is  to  use  too  simple  a  method — one  that 
secures  simplicity  at  the  expense  of  accuracy.  Thus  joint 
labor  is  frequently  prorated  in  proportion  to  the  number 
of  units  of  material  handled,  shaped  or  placed  by  the 
laborers. 

Prorating  labor  according  to  the  units  of  material  Is 
often  an  excellent  plan  if  judiciously  carried  out.  It 
should  involve  periodic  timing  of  all  the  labor  processes 
in  relation  to  the  units  of  material  treated  by  each  proc- 
ess. Thus,  by  minute-hand  timing  of,  say,  5  or  10  per 
cent  of  the  labor  time  each  month,  it  is  often  possible  to 
allocate  correctly  the  entire  labor  of  the  month  by  as- 
cribing certain  labor  costs  to  each  different  class  of 
units  of  material  handled  under  given  conditions.  But 
serious  errors  may  arise  if  the  timing  is  not  carefully 
done  and  at  regular  intervals  not  too  far  apart. 

Even  where  the  units  of  material  handled  are  not 
counted  the  method  of  timing  labor  processes  period- 
ically is  often  an  excellent  method  of  approximating  the 
amount  of  direct  labor  on  each  process.  The  periodic 
timing  method  is  so  inexpensive  that  it  is  remarkable 
how  seldom  it  is  applied  as  a  means  of  approximating 
direct  labor  costs. 

Where  workmen  use  machines  the  direct  cost  both  of 
the  labor  and  the  machines  is  ascertainable  in  the  man- 
ner just  indicated.  In  cases  where  a  rather  expensive 
machine  is  used,  it  will  usually  pay  to  record  the  length 
of  time  the  machine  is  used  for  each  process.  Then  the 
direct  cost  of  the  machine  is  readily  assignable  to  each 
process  and  only  its  idle  time  remains  to  be  prorated. 
This  method  is  far  preferable  to  prorating  machine  costs 
in  proportion  to  direct  labor,  unless  the  same  labor  cost 
occurs  per  unit  of  time  in  every  case  that  the  given  ma- 
chine is  used. 

Real  estate  rental  can  usually  be  quite  accurately  pro- 
rated according  to  the  floor  area  assigned  to  each  machine, 
or  to  each  workman,  or  to  each  process.  The  cost  of  heat 
and  light  is  similarly  apportionable. 

The  cost  of  accounting  is  usually  quite  closely  re- 
lated to  the  number  of  entries  made.  Hence  by  counting 
the  number  of  entries  that  each  account  averages  per 
month,  a  very  close  approximation  to  the  direct  cost  of 
accounting  can  be  secured. 

Once  the  importance  of  approximating  the  direct  cost 
of  each  process  or  product  is  appreciated,  comparatively 
simple  yet  effective  methods  of  approximation  will  be  de- 
vised. By  doing  so  the  remaining  amount  of  joint  costs 
will  be  materially  reduced,  and  thus  render  any  errors  of 
prorating  less  serious. 

Prorating  Non-Productive  Time. — Since  neither  ma- 
chines nor  workmen  are  usually  worked  continuously  to 
full   capacity,   it  often   becomes   important  to   determine 
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the  cost  of  non-productive  time  and  to  prorate  that  cost 
equitably. 

Non-productive  time  is  to  be  allocated  in  proportion 
to  productive  time,  but  it  is  usually  desirable  to  record 
the  resulting  unit  cost  of  non-productive  time  separately 
from  the  cost  of  productive  time.  By  doing  so  attention 
is  focused  upon  the  cost  of  lost  time,  and  this  generally 
leads  to  greater  effort  to  increase  the  "load  factor."  Fur- 
thermore, one  of  the  main  causes  of  wide  fluctuations  in 
unit  costs  from  week  to  week  or  year  to  year  is  the  varia- 
tion in  the  percentage  of  idle  time.  Hence  unless  the 
idle  time  cost  is  shown  separately,  there  can  be  no  satis- 
factory comparison  of  unit  costs  at  different  periods. 

In  case  the  by-product  theory  of  cost  keeping  is  to  be 
applied,  the  cost  of  idle  time  is  not  prorated  to  the  by- 
products. 

The  By-Product  Theory. — Hitherto  we  have  considered 
costs  under  what  may  be  termed  the  full  cost  theory.  In 
order  to  increase  total  profits  under  competitive  condi- 
tions, it  is  often  necessary  to  assess  against  certain  by- 
products only  the  additional  costs  of  producing  them. 
But  a  philosophical  analysis  of  the  reason  for  doing  so 
brings  us  back  to  our  separate  plant  theory  in  its  broad- 
est form;  for  if  a  by-product  can  not  normally  be  sold 
at  a  price  in  excess  of  the  added  cost  of  producing  it  with 
a  given  plant,  then  some  other  separate  plant  must  be 
producing  that  class  of  product  at  a  lower  cost  than  the 
market  price. 

Prorating  According  to  Sales. — The  prorating  of  joint 
costs  in  proportion  to  the  sales  of  each  class  of  product 
is  at  first  sight  wholly  irrational,  for  it  would  seem  that 
this  is  placing  effect  before  cause.  Nevertheless  this 
method  of  prorating  is  not  wholly  irrational,  and  in  some 
cases  it  is  preferable  to  other  methods  because  it  may 
be  a  simple  way  of  approximating  the  separate  plant 
method  of  prorating.  Obviously  if  a  product  is  sold  in  a 
competitive  market,  the  fact  indicates  that  the  average 
unit  price  over  a  long  period  is  sufficient  to  yield  a  fair 
profit  to  some  one  of  the  competitors,  if  not  to  all  of  them. 
Since  the  competitor  who  is  able  to  fix  the  price  of  a 
product  often  is  equipped  with  a  plant  especially  designed 
to  make  that  product  and  no  other,  it  follows  that  other 
plants  that  produce  the  same  product  plus  several  other 
products,  are  thus  automatically  forced  to  adopt  the  sep- 
arate plant  theory  of  prorating  their  joint  costs. 

Conclusion. — The  subject  under  discussion  is  suscepti- 
ble of  such  a  diversity  of  treatment  and  has  so  many 
ramifications  that  I  have  been  able  to  touch  "the  high 
places"  only  in  this  article.  I  shall  have  accomplished 
my  object,  however,  if  I  have  made  it  clear  that  one  gen- 
eral, underlying  theory — the  separate  plant  theory — is 
applicable  in  every  case,  and  that  all  other  tenable  the- 
ories of  prorating  joint  costs  are  short  cut  approxima- 
tions to  the  general  theory. 


COST  RECORDS  OF  DRAFTING  AND  ENGI- 
NEERING. 

The  knowledge  of  the  cost  of  drafting  and  engineer- 
ing in  connection  with  various  projects  is  of  considerable 
value.  Many  attempts  have  been  made  to  keep  such  rec- 
ords, some  with  success  and  some  without,  but  the  value 
of  reliable  records  is  generally  recognized.  A  system  was 
installed  in  the  public  works  department,  navy  yard,  Bos- 
ton, which  has  been  in  successful  use  for  about  two  years. 
In  devising  this  system  much  weight  was  given  to  sim- 
plicity and  ease  in  keeping  the  record.  The  system  is 
described  by  Civil  Engineer  R.  E.  Bakenhus,  U.  S.  Navy, 
in  the  September  Public  Work  of  the  Navy,  from  which 
the  matter  that  follows  has  been  taken. 

The  card  system  was  adopted  in  such  form  that  the 
cards  could  be  held  on  rings  in  book  covers  while  in  use, 
and  could  later  be  filed  in  drawers  or  covers.  Two  prin- 
cipal forms  were  devised,  with  two  others  as  extensions. 
The  system  may  best  be  illustrated  by  an  actual  example 
of  a  completed  project.  The  shipbuilding  ways  at  the 
navy  yard,  Boston,  have  been  selected  as  an  illustration. 


ENGINEERING 
AND      CONTRACTING 

This  project  is  known  as  drafting  room  job  No.  585.  Plates 
I,  II,  III,  IV  and  V  show  the  cards. 

Each  employe  in  the  drafting  and  inspection  force  is  as- 
signed a  card  for  his  time  record  for  the  month.     This 
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Plate     I — Drafting     Room     Employe's    Monthly    Record    Card    Showing 
Distribution    cf   Time    to   Jobs. 

card  is  reproduced  as  plate  No.  I.  The  reverse  face  of  the 
card  is  reproduced  as  plate  No.  II.  Each  side  of  the  card 
contains  seven  columns  or  a  total  of  14,  which  is  found 
sufficient  in  actual  service.  At  the  head  of  the  column 
the  drafting  room  job  number  is  placed.    The  time  of  the 
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4 

5 

6 

S 

9 

10 

11 

12 

13 

.   M2.76       

11 

15 

16 

17 

IS 

19 

P2.7G       

20 

S5.52       

21 

22 

P2.76        

23 

P2.76       

24 

S2.76       

25 

26 

27 

28 

29...    . 

30 1 

31 

P5.52       

Total  SL.    

Total  F    

2.76         2.76         2.76         5.52        

5..52       2.76       

Total  S     ; . . 

Total  I    

Total  E    

Total  M    

2.76       

Grand    total.  . 

.       2.76         8.28         2.76         5.52         5.52     149.04 

Plate    II— Reverse    Face    of    Card    Shown    in     Plate    I.      Drafting-room 

Employe's   Monthly   Record  Card   (Continued),   Showing 

Distribution    of   Time    to    Jobs. 

draftsman  is  entered  in  money  value  so  that  at  the  end 
of  the  month  the  total  on  the  card  must  check  the  pay 
received  by  the  employe.  The  advantages  of  entering 
money  value  of  the  time  instead  of  hours  and  minutes  are 
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DRAFTING-ROOM    RECORD  CARD. 
Job    No.    585.                    Fubllc   Works   Dept.,    Navy   Yard,    Boston.            Date    issued.    Mar.    f;    1914. 
Location:    Between   buildings  103  and    104. 
Description   of   worJi:    Building  ways    for   supply  ship. 

SL                      Surveys    and    layouts. 

P                                         Plans. 

Plans  made. 

Ordered     April,     1914 

Ordered  March.   1914 

Assigned  to — 

No.    512-  4,    May   26.    1914 
No.    512-  5,   May   26.   1914 
No.    512-  6.   May   26.   1914 
No.    512-  7.   May  26,    1914 
No.   512-  S.    Mav  26.    1914 
No.    512-  9.   May   26     1914 

Assigned  to — 

Phelps   

Completed   May  20,   1914 

To  b>.; :  J-..C  IC,  1»14 

No.    512-10,    May  26]   1914 
No.   512-U,  May  26,   1914 
No.    512-12,   May  26.   1914 
No.    512-13.    May  26,   1914 
No.    512-14.    May  26,   1914 
No.    512-20.    Sept.    4,    1914 

Completed   January.    1916. • 

From  bureau  Aug.  26,  1914 

Totil  cost $1,221.87 

Total    cost $351.56 

S                                  Specifications. 

I                                      Inspections. 

References. 

Beeun    \nril    25     1914 

Contract  No.   2108 

Computation  book  No.  436 
Plans  Nos. 

Completed    Aitril    29.    1911 

How  e   

From   bureau  October  ii.   1914 

Fa''ian    

Total '  cost'. '. '. '. '. '. '. '. .' .' .' .' .' .' .' .' .' .' .' .' .' .' .' .' .' .'  .'n.Vei'.og 

Letters  Nos.  Fiie  No.   6321 

E                                     Estimates. 

M                                 Miscellaneous. 

Hammond    

Total    cost $97.53 

Total    cost $26.79 

Date   cojnpleted,    January.    1916 

Plate    III — Drafting- room  job  record  card. 


readily  apparent.  Not  the  least  important  feature  is  that 
each  man  is  made  to  realize  the  actual  value  of  his  time 
and  is  thus  inclined  to  be  more  careful  of  its  disposition. 
As  the  entry  is  made  it  is  preceded  by  a  letter  designating 
the  character  of  work  done.  Particular  attention  is  called 
to  the  division  of  the  engineering  work  into  six  parts: 

First:     SL. — Sin-\  eys  and   Layouts. 
Second:     P. — Plans. 
Third:    S. — Specilication:,. 
Fourth:    I. — Inspections. 
Fifth:    E. — Estimate,s. 
Sixth:    M. — Miscellaneous. 

It  will  be  seen  how  simple  it  is  to  carry  out  the  records 
with  these  subdivisions. 


SUMMARY    OF 

Month.  March. 

Adams     

Hammond     

Phelps    

Boucher    

Fabian    

CHARGES    AGAINST 
Form  No.  4.  19H 
PL,.         P.             S. 

25.2S       

......       98.28       

5.76       

44             

3.2S       

JOB 

I. 

ORDER 
E. 

NO. 

M. 

585. 

Total. 
23. 2S 
98. 2S 

5.76 
44 

3.28 

Total  for  month. 

Biought    forward 

Grand  totai. . . . 

173.60 

176  60 

lie.'ed 

Month,   .\prll. 

Hammond    

Phelps    

PL. 

P. 
95.76 

92'" 
22.96 
18.96 

s 

17.64 

I. 

E. 

M. 

Total. 

113.40 
5.76 
92 

22.96 
18.96 

Bour.ier     

Fabian    

Adams    

Total  for  month. 

Brought    forward 

Grand    total 

5.76 
'5.76 

229.68 
170.60 
406.28 

17.64 
i7.'6'4 

253.ns 
176.60 
429.68 

Month.  May. 

.\dams    

Hammond    

PL. 

p 

25.28 

60.48 

S. 
9.48 

I. 

E. 

25  .'20 

M. 

Total. 

34.76 
S5-6.S 

Total  for  month. 
Brnn;rht     forward 

ilninil    tot:il.... 

'  5.'7'6 

5.76 

8S.76 
406.28 

4f"2.0l 

9.48 

17.64 
27.12 

25.20 
2.i'20 

120.44 

429.6fi 
550.12 

Plate    IV — Reverse   of   Card    Shown   on    Plate    III.     Cost    Record 
of  Job   No.   585. 

At  the  foot  of  each  column  a  space  is  provided  for  total- 
ing the  charges  under  each  subhead  for  the  job,  with  a 
grand  total.  These  cards  are  found  to  be  simple  and  prac- 
tical and  no  modification  has  suggested  itself  during  the 
two  years  of  use. 

At  the  end  of  the  month  the  costs  are  transferred  to  the 
proper  column  on  the  individual  job  cards.  The  face  of 
the  I'ob  card  is  reproduced  as  plate  No.  Ill,  and  the  re- 
verse of  the  job  card  as  plate  No.  IV.  The  face  of  the 
card  contains  the  principal  data  with  reference  to  the  job. 
As  a  new  card  is  made  out  it  is  assigned  a  job  number. 


which  thereafter  is  used  for  all  drafting-room  records. 
The  face  of  the  card  contains  also  the  summary-  of  the 
actual  costs  of  the  drafting  and  engineering  work,  and  on 
completion  of  the  job  this  one  card  contains  all  the  in- 
formation that  is  generally  desired. 

On  the  reverse  of  the  job  card  (plate  IV)  the  records 
from  the  men's  individual  cards  are  entered  each  month. 
The  forms  are  devised  in  such  a  way  that  all  the  original 


66.33 
66.33 


SUMMARY    OF    CHARGES    AGAINST    JOB    ORDER     NO. 

Month.   March.  SL.  P.  S.  L.  K  M 

.\.danis    28.44     

\\edlocl<    5.52  3S.64       S.2S  .'      '  i'H 

I'helps    28.80  5.7C     

Kneeland     4.80  

Morgan    108 

Howe    98 

Fabian    88.56 

Boucher     46  20 

Tot'l  for  month     34.32        118. S4     13.0S        314.56 

Bro't    forward..   118.44        955.54     47. 2S        324.22 

Grand    total..   152.76     1.074.38     60.36        638.78 

Month.   April.      SL.  P.  S.  L.  E.         M. 

.\dams    44.24     

Hammond     82.53     

Wedlock    5.52     71.76     

Howe     24  

Phelps    37.44  11.52     ..^ 

Morgan    100  

Boucher     100  

Fabian     82  

Tof  I  for  month     37.44  61.28     460.29     

Bro't    forward..   152.76     1.074.38     60.36        638.78     66.33 
Grand    total..   190.20     1.135.66     60.36     1.099.07     66.33 

Month.    May.       SL.  P.  S.  I-.         IC. 

Adams    12.64 

H:iniinond 102.69     

Wcrllork     r. ...  S.2S      

I'helps    63.36  5.76     

M.MTTan     100  

Boucher     66'        

Fabian    72.16     

Tot'l  for  month     63.36  26.68     340.85     2.76 

Bro't     forward..  190.20     1.135.66     60.36     1.099.07     66.33     24.03 
Grand    total..   253.56     1,162.34     60.36     1.439.92     66.33     26.79 


585. 

Total. 

28.44 

55.20 

34.56 

4.  SO 

ins 

98 

88.56 

66 


2.76  483.56 
21.27  1.533.08 
24.03     2.016.64 


Total. 
44.24 
82.53 
77.28 
24 
48.96 

100 

100 


24.03 
24.03 


M. 


2.76 


559.01 
2.016.64 
2.575.65 

Tot.al. 

12.64 
102.69 

11.04 

69.12 
100 

66 

72.16 

433.65 
2.575.65 
3.009.30 


Plate   V — Continuation  of  Cost   Record   of  Job   No.   585.   Showing    Entry 
of  Costs  for   March.   April   and   May.   1915. 

entries  are  made  on  the  cards;  no  computations  or  addi- 
tions on  scraps  of  paper  are  necessary.  Under  each 
month  10  spaces  are  provided,  which  are  found  sufficient 
in  this  department  for  entering  the  individual  names  of 
the  men  on  any  one  job  for  a  month.  In  larger  offices 
more  space  might  be  necessary  and  in  smaller  offices,  less 
would  be  sufficient.  At  the  foot  of  the  monthly  record 
each  subhead  is  totaled  and  at  the  right  of  the  column 
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ENGINEERING 
AND      CONTRACTING 


the  time  of  each  individual  is  totaled,  and  again  at  the 
foot  the  grand  total  is  placed.  The  grand  total  is  carried 
forward  each  month  so  that  at  the  end  of  any  one  month 
the  total  cost  to  date  for  each  of  the  divisions,  as  well 
as  for  the  job  as  a  whole,  may  be  seen  at  a  glance. 

As  the  reverse  of  the  card  would  be  insuflicient  to  con- 
tain the  record  for  a  large  job,  other  cards  are  printed 
with  the  face  and  reverse  sides  the  same  as  plate  No.  IV. 

An  examination  of  the  plates  will  show  the  advantages 
of  the  system.  However,  it  is  considered  well  to  briefly 
outline  them  to  make  them  clearer: 

(a)  The  total  cost  of  plans,  specifications,  inspections, 
etc.,  for  each  job  is  given  to  date  at  the  end  of  every 
month. 

(b)  The  completed  records  form  a  good  basis  for  esti- 
mating the  cost  of  engineering  or  drafting  on  smaller 
jobs. 

(c)  The  records  give  accurately  the  cost  of  inspection 
on  contract  work  and  give  as  well  the  distribution  of 
this  cost  which  is  of  value  on  contracts  that  have  ex- 
tended beyond  the  contract  time  of  completion. 

(d)  The  records  give  in  detail  the  disposition  of  the 
time  of  each  man.  This  is  of  value  as  a  part  of  the  man's 
record. 

(e)  The  system  shows  each  man  just  how  he  has  been 
spending  his  time,  and  he  can  determine  for  himself 
whether  it  has  been  profitably  expended  or  otherwise,  and 
it  has  thus  been  an  inducement  to  pay  attention  to  this 
feature. 

Separate  standing  job  numbers  are  given  to  certain 
general  drafting  room  jobs  as  indicated  by  the  following 
table : 


300- 
301- 
303- 
304- 
305- 
30G- 
30S- 
309- 

310- 
311- 
312- 
313- 
314- 
315- 

316- 
317- 
318- 
319- 
400- 
401- 
402- 
403- 


-Inspection  of  piers  and  waterfront. 

-Inspection  and  care  of  tide  gage. 

-Inspection  of  materials  for  yard  use — miscellaneous. 

-Photographic  work  for  pubUc  worl<s  department. 

-Photographic  worli  for  other  departments. 

-Blue   printing. 

-Miscellaneous,  such  as  filing,  time  ca,rds,  etc. 

-Changes  in  water,  heating  mains,  compressed  air.  steam  lines, 
pavmg,   etc. 

■Railroad  track  system. 

-Compilation  of  data  of  yarious  kinds. 

-Soundings   and   plotting  of  same. 

-Cement   testing. 

-"Work  (plans,  estimate",  etc.")  connected  w'ith  annual  reports. 

-Naval  Hospital.  Clielsea,  Mass.  Emergency  repairs  to  build- 
ings and  inspections  in  accordance  with  Navy  Regulations. 

-Bringing  subsurface  plans  up  to  date. 

-Editing  magazines. 

-Estimating  work  with  estimating  section. 

-Testing   yard   scales. 

-("Maintenance"  employes)  holiday  pay. 

-("Maintenance"    employes)    annual    leave. 

-Holiday  pay,  hospital.  Chelsea. 

-Leave,   annual,   hospital,   Chelsea. 


CITY  MANAGEMENT:    AN  OPPORTUNITY  FOR 
ENGINEERS. 

The  City  Manager  Plan  at  Jackson,  Mich.* 

By  Gaylord  C.   Cummin,  City  Manager. 

The  Commission-Manager  form  of  City  Government  is 
an  exact  parallel  to  the  form  which  our  experience  has 
taught  is  the  only  one  under  which  satisfactory  results 
can  be  obtained  in  business.  It  is  not  presented  as  bring- 
ing about  a  municipal  millennium.  Nor,  is  it  new  in  prin- 
ciple— only  in  application.  There  are  no  mysterious  or 
wonderworking  powers  concealed  within  it.  It  is  simply 
the  application  to  city  government  of  the  only  methods 
by  which  we  have  been  able  to  manage  business  corpo- 
rations efficiently.  It  does  not  insure  efficient  govern- 
ment. No  charter  form  can  do  that,  but  it  is  the  only 
form  under  which  efficient  government  can  be  expecteci, 
judging  by  our  experience  in  business. 

It  consists  briefly  of  a  small  council  elected  at  large, 
corresponding  to  a  board  of  directors  and  whose  duties 
are  purely  legislative.  This  body  appoints  the  chief  ad- 
ministrative officer,  the  City  Manager,  who  corresponds 
to  the  general  manager  of  a  corporation,  and  who  has 
complete  control  of  the  whole  administrative  machinery. 
He  holds  office  at  the  pleasure  of  the  Commission  and  is 
responsible  to  it  for  his  acts.  Responsibility  is  absolutely 
centralized  on  the  Commission  and  through  them  on  the 
Manager. 


•From  a  paper  presented  before  the  W'estern  Society  of  Civil  Engi- 
neers. 


There  is  never  any  chance  to  dodge  an  issue  by  placing 
the  blame  on  somebody  else.  If  anything  goes  wrong  in 
the  administrative  branch  the  Manager  can  be  held  re- 
sponsible and  the  people  can  call  their  representatives 
to  strict  account  for  mistakes  and  inefficiency  in  the  ad- 
ministrative branch,  because  of  the  Commission's  power 
to  remove  at  will  the  City  Manager. 

What  has  been  the  result  of  this  mode  of  operation?  In 
the  City  Manager  cities  party  politics  has  been  entirely 
eliminated  from  the  administrative  side  of  city  affairs.  In 
our  city  the  Commission  do  not  know  my  politics  and  I 
do  not  know  those  of  a  single  one  of  my  subordinates, 
and,  furthermore,  I  do  not  care.  A  man's  beliefs  on  the 
tariff  or  our  Mexican  policy  have  no  bearing  upon  his 
efficiency  as  a  water  works  superintendent.  What  possi- 
ble difference  does  it  make  whether  the  dog-catcher  is  a 
Democrat,  Republican  or  Socialist,  providing  he  is  a  good 
dog-catcher? 

We  have'  teamwork  in  our  organization  and  nothing 
can  be  accomplished  without  that.  We  must  have  it  be- 
cause the  department  head  that  refuses  to  work  in  har- 
mony with  the  manager  will  soon  be  looking  for  another 
job,  and  the  manager  who  will  not  work  with  his  commis- 
sion will  not  last  very  long. 

Our  department  heads  are  selected  for  special  fitness 
for  the  positions  which  they  hold,  and  not  because  they 
are  "good  fellows."  The  manager  must  select  on  this 
basis  because  an  inefficient  department  h?ad  will  reflect 
on  the  manager  and  he  cannot  evade  his  responsibility. 

Responsibility  is  centralized  from  top  to  bottom  and 
this  is  the  best  incentive  to  honesty  and  efficiency  that 
has  yet  been  devised. 

Our  accomplishments  in  Jackson  after  one  year's  op- 
eration are  as  follows:  We  have  taken  city  employes  out 
of  politics,  reorganized  the  police  force,  and  are  devel- 
oping it  on  the  basis  of  a  survey  of  its  needs  made  by  an 
expert  in  police  organization;  are  using  a  trained  social 
worker  as  policewoman  to  handle  the  young  girl  prob- 
lem; have  installed  a  modern  system  of  double  account- 
ing vrith  controlling  accounts;  have  passed  our  annual 
budget  based  on  a  uniform  classification  of  expenditure 
by  kind;  have  installed  careful  cost  accounting  on  city 
construction  work,  separated  the  sinking  fund  from  the 
general  fund  and  put  it  to  work;  accumulated  a  sink- 
ing fund  balance  of  $45,000  where  the  old  government 
had  none;  centralized  the  water  department  under  a  com- 
petent superintendent;  read  meters  quarterly  instead  of 
semi-annually;  present  bills  to  consumers  as  does  any 
like  public  utility. 

We  have  divided  the  city  into  three  sections,  so  that 
the  same  force  of  meter  readers  can  be  employed  con- 
stantly, the  bills  for  one  section  being  due  each  month; 
have  made  a  waste  water  survey;  and  are  reinforcing 
the  much  neglected  distribution  system  on  a  rational 
ba,sis.  We  make  purchases  for  the  city  through  a  pur- 
chasing agent  and  take  all  cash  discounts,  these  amount- 
ing to  enough  to  pay  all  the  expenses  of  the  purchasing 
agent  and  his  office.  We  have  replaced  $380,000  on  the 
tax  rolls  that  was  formerly  exempt  without  legal  reason; 
and  made  all  assessments  both  for  taxes  and  special  pur- 
poses under  one  man  on  full  time  instead  of  nine  elected 
assessors  on  part  time,  at  a  saving  in  cost  and  increase 
in  efficiency.  We  are  saving  $4,000  per  year  by  paying 
the  treasurer  a  salarj'  instead  of  fees. 

We  are  making  a  complete  study  of  the  very  inadequate 
sewer  system,  based  on  a  topographic  map  now  being 
made  on  a  scale  of  1  in.  equals  200  ft.  and  with  a  1-ft. 
contour  interval,  and  are  contemplating  a  complete  re- 
design on  modern  lines  with  a  comprehensive  plan  for 
relief  as  well  as  for  future  extensions.  We  have  installed 
a  modern  boulevard  lighting  system  under  a  peculiarly 
advantageous  contract;  installed  patrol  system  of  repair 
on  graveled  streets;  are  giving  efficient  food  and  milk 
inspection;  have  replaced  a  part-time  health  officer  with 
a  competent  physician  on  full  time;  made  over  twice  as 
many  inspections  with  one  sanitary  inspector  as  were 
made  formerly  by  two;  have  centralized  privately  sup- 
ported public  nurses,  the  organized  charities  of  the  city, 
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the  city  poor  relief  and  humane  officer  under  a  trained 
social  worker  so  that  there  is  no  duplication  of  work; 
we  have  made  the  city  hospital  and  training  school  for 
nurses  a  model  in  so  far  as  the  buildings  will  allow;  will 
construct  this  year  a  modern  hospital  building  to  cost 
$150,000;  have  equipped  and  opened  a  tuberculosis  hos- 
pital; equipped  and  opened  two  branch  libraries;  started 
the  improvements  on  a  new  520-acre  park;  are  motorizing 
the  fire  department  on  a  plan  that  will  make  it  unneces- 
sary to  purchase  any  new  horses  or  sell  any  horses  at  the 
height  of  their  usefulness;  are  completing  a  building 
code;  are  giving  efficient  electrical  inspection,  and  have 
inaugurated  inspection  of  weights  and  measures. 

We  have  reduced  the  net  debt  over  $50,000,  paid  off  a 
floating  indebtedness  of  over  $20,000,  given  over  $15,000 
services  not  contemplated  and  ended  the  fiscal  year  with 
a  cash  balance  of  nearly  $10,000  and  liquid  accounts  re- 
ceivable of  $37,000,  and  have  not  raised  the  tax  rate.  Fur- 
thermore, although  theoretically  we  operate  for  six 
months  on  borrowed  money,  and  heretofore  money  was 
borrowed  seven  to  eight  months  before  receipt  of  taxes, 
we  are  now  in  our  fifth  month  and  have  not  borrowed  a 
cent. 

Any  city  can  get  as  good  results  by  using  a  few  busi- 
»  ness  methods  and  a  little  business  sense.  I  am  not  de- 
tailing these  things  for  any  other  purpose  than  to  show 
the  possibilities  of  this  mode  of  operation,  and  to  give 
a  slight  idea  of  the  diversity  of  questions  that  come  be- 
fore a  city  manager.  I  have  the  administration  of  such 
unusual  things  as  a  public  library,  two  hospitals,  two 
cemeteries  and  a  small  summer  resort. 

The  special  point  of  interest  to  engineers  is  that  all 
the  larger  cities  operating  under  this  form  of  government, 
have  engineers  as  city  managers  and  they  are  making 
good.  In  fact,  in  many  cases  none  but  engineers  are  be- 
ing considered.  A  city  manager  must  be  primarily  an 
executive,  but  given  that  qualification  the  engineer  is 
preferred  over  men  of  other  professions,  because  such  a 
a  large  percentage  of  the  problems  which  arise  are  en- 
gineering problems. 

There  are  now  over  80  cities  and  towns  operating  under 
this  plan  and  the  number  is  just  about  doubling  each 
year.  Where  are  we  to  find  the  city  managers  for  these 
openings?  Most  of  them  will  be  drawn  from  the  engi- 
neering profession  direct,  for  a  good  many  years,  but 
finally  we  hope  that  the  plan  will  spread  so  that  a  man 
can  take  it  up  as  a  profession,  start  as  manager  of  a 
small  town  after  having  received  an  engineering  educa- 
tion, and  be  promoted  to  larger  ones  if  he  makes  good. 

In  this  field  there  will  be  in  the  near  future  many 
openings  for  engineers,  well  paid  permanent  positions, 
where  the  engineer  can  at  last  take  his  proper  place  in 
public  service  to  the  lasting  benefit  of  both  engineer  and 
citizen. 


The  City  Manager  Plan  at  Morris,  Minn.* 

riv    S;im    .Siv^rts,    Jr.    City    M.itia?er. 

The  progressive  and  enterprising  citizens  of  Morris  be- 
lieved that  the  old  federal  system  could  be  bettered  in 
many  respects  by  a  new  home  rule  charter  with  a  com- 
mission manager.  It  was  my  good  fortune  and  privilege 
to  become  the  first  manager.  While  there  were  many 
problems  to  meet,  there  is  no  small  amount  of  pleasure 
and  satisfaction  in  feeling  that  some  degree  of  success 
has  been  attained  with  the  aid  of  the  good  judgment  and 
patience  of  as  intelligent  a  commission  as  one  could  ever 
hope  to  work  with. 

There  was  quite  a  large  percentage  of  the  people,  es- 
pecially those  who  had  been  more  or  less  intimately  con- 
nected with  the  running  of  the  various  city  functions, 
who  looked  upon  the  working  of  the  new  form  of  govern- 
ment with  rather  a  hostile  and  skeptical  eye.  Furthering 
a  close  inspection  of  municipal  activities  was  a  part  of 
our  mission  and  it  has  been  encouraged.  Constructive 
criticism  is  what  is  needed  to  stimulate  municipal  officials 
to  a  better  and  more  efficient  discharge  of  their  duties. 

•From    a   paper    read   before    the    Nrinncsota    Sunevors'    and    En- 
einecrs"  Society. 
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Getting  things  down  to  a  business  basis,  keeping  ac- 
curate costs  of  the  work  done,  the  making  of  a  full  an- 
nual report,  and  the  publishing  of  detailed  reports  on  the 
various  phases  of  the  public  work,  together  with  financial 
statements  from  time  to  time,  have  done  a  great  deal  to 
create  the  proper  amount  of  satisfaction  when  something 
new  is  tried. 

By  combining  the  duties  of  the  clerk,  city  engineer  and 
water  superintendent  in  the  city  manager,  economy  was 
effected  aside  from  the  advantage  of  having  continuous 
and  conscientious  oversight  by  a  non-partisan. 

Administrative  salary  expense  was  reduced  the  first 
year  -from  89  ct.  to  49  ct.  per  capita,  the  population 
of  the  city  being  considered  the  same — 2,100 — both  years. 

The  expense  of  the  police  department  was  decreased 
without  diminishing  its  efficiency  from  $1.06  to  $0.80  per 
capita. 

The  budget  for  the  coming  year  calls  for  an  increase 
in  the  rate  of  taxation  of  1.7  mills  more  than  last  year 
for  the  support  of  general  running  expenses  and  the  con- 
templated improvements  which  are  as  large  as  last  year's. 
This  can  be  effected,  even  though  the  city  loses  $7,500  in 
liquor  license  due  to  county  option,  because  the  balance 
on  hand  Jan.  1,  1916,  practically  $9,300,  a  balance  $6,300 
larger  than  it  was  two  years  ago  when  the  change  was 
made,  will  be  sufficient  to  make  up  the  loss.  The  appro- 
priation for  the  sinking  fund  was  increased  from  $1,000 
to  $2,500  in  effort  to  redeem  in  1918  as  many  maturing 
bonds  as  possible. 

An  economy  of  from  15  to  20  per  cent  has  been  effected 
by  the  city  acting  as  its  own  contractor  in  the  laying  of 
sewers;  water  main,  where  necessary,  has  been  laid  in 
the  same  trench. 

A  garbage,  refuse  and  ash  collection  has  done  much  to 
improve  the  looks  of  the  city.  Unsightly  holes  have  been 
filled  with  the  ashes  and  a  vacant  block  has  been  drained 
and  filled  for  the  purpose  of  eventually  making  a  park 
and  playground  out  of  it. 

Sentiment  has  to  be  aroused  and  the  engineer  should 
take  up  the  idea  and  push  it.  Engineering  societies 
should  make  a  definite  stand  for  having  as  efficient  an 
organization  in  municipal  business  as  they  have  in  the 
contracting  or  industrial  plants  they  control  and  manage. 

Practically  all  of  the  present  city  managers  are  engi- 
neers. It  has  been  objected  that  for  the  large  city  es- 
pecially the  engineer  loses  his  identity  as  such,  while  in 
the  smaller  town,  under  5,000,  he  usually  assumes  the 
duties  of  city  engineer.  The  objection  does  not  seem  to 
be  valid,  however,  as  the  business-engineer-manager,  in 
order  to  intelligently  supervise  the  city's  work,  is  con- 
stantly required  to  pass  on  purely  technical  subjects. 


The  City  Manager  Plan  at  Norwood,  Mass.* 

By  C.   A.    Bingham.   City  Manager. 

In  the  straight  commission  plan  there  are  elected  at 
large  five  men,  each  of  whom  assumes  complete  control 
of  a  division  of  the  government.  While  this  system  has 
brought  many  cities  up  out  of  the  former  political  quag- 
mire, yet  it  has  three  weak  points.  First,  often  the  same 
body  appropriates  the  money  that  spends  it.  Second,  the 
danger  of  the  influential  commissioner  securing  the  lion's 
share  of  the  budget  for  his  pet  department.  Third,  and 
■most  important:  while  a  commissioner  may  be  an  excel- 
lent physician  or  a  skilled  barber,  yet  he  is  not  a  road 
builder  nor  a  sanitary  engineer,  and  he  will  not  be  able 
to  secure  an  engineer  with  true  professional  ethics  who 
will  countenance  his  interference.  On  the  other  hand,  if 
he  secures  the  reverse  kind  of  an  engineer,  woe  be  to 
efficient  public  works. 

Having  passed  through  these  various  experiences  and 
probably  numerous  others,  the  wide-awake  electorate  is 
endeavoring  to  secure  the  addition  of  an  official  who  will 
act  between  the  board  and  its  departments.  In  short,  one 
who  will  run  the  government  on  their  policies,  but  through 
his  execution.  Unfortunately  many  people  have  the  %vrong 
conception  of  his  position  and  his  duties;   he  is  not  an 

•From  a  paper  presented  at  the  Xewark.  X.  J.,  convention  of 
the  American  Society  ol  Municipal  Improvements. 
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autocrat,  but  is  a  -'controlled  agent"  of  the  governing 
board.  He  does  not  control  the  treasurer,  auditor  or  at- 
torney (except  unfortunately  under  a  few  of  the  very 
early  charters).  These  men  all  check  his  financial  op- 
erations. He  cannot  spend  money  for  any  cause  what- 
soever unless  an  appropriation  has  been  passed  for  it  in 
the  annual  budget  by  the  board  or  by  the  voters,  as  the 
case  may  be.  As  in  everything  else,  the  plan  will  not 
work  itself.  Capable  business  men  must  be  kept  on  the 
controlling  board,  men  who  are  not  swerved  by  private 
interests,  but  who  will  take  interest  in  outlining  policies 
for  the  advancement  of  their  community;  and  yet  who 
will  not  lag  into  either  of  the  extremes  of  neglecting 
affairs  entirely  or  on  the  other  extreme  of  interfering 
with  petty  details. 

Then,  again,  care  must  be  used  in  the  selection  of  the 
manager.  Primarily  he  should  be  an  engineer  with  mu- 
nicipal experience.  Again  the  smaller  the  city  the  more 
difficult  task  he  has,  for  he  will  be  limited  in  the  salaries 
he  can  pay  his  superintendents,  thus  meaning  that  he, 
himself,  must  do  a  larger  amount  of  detail  work  in  each 
department  than  the  manager  of  a  city  many  times  larger 
where  he  may  be  an  inside  executive  entirely,  trusting 
the  detail  to  high  priced  directors.  Unfortunately,  some 
cities  have  selected  as  their  man  the  lowest  bidder! 

Before  launching  this  plan,  many  preliminaries  are 
necessary  which  if  inaugurated  simultaneously  would  be 
such  an  upheaval  that  failure  would  surely  result. 

First,  accounting  and  budgets.  No  business  of  what- 
ever nature  can  long  endure  prosperity  unless  it  has  a 
thorough  and  yet  simple  system  of  accounting  and  cost 
recording,  and  similarly  it  must  work  on  a  weil-defined 
budget  which  will  insure  against  the  possibility  of  an 
overdraft  or  deficit  in  any  appropriation.  This  budget 
and  the  resulting  accountancy  must  be  so  devised  that  it 
will  not  only  be  comparable  year  by  year,  but  will  give 
details  by  which  efficiency  of  operation  and  final  accom- 
plishment may  be  secured. 

Second,  valuations  and  tax  rate.  The  assessors  should 
be  appointed  on  fitness  by  the  governing  board  and  not 
thrown  upon  the  political  seas.  A  re-valuation  brought 
the  tax  rate  of  Norwood  down  from  $25.60  per  thousand 
to  $12.80.  The  result  is  that  a  $4,000  home  formerly  as- 
sessed at  $3,000  and  paying  $76.80  taxes  per  year  is  now- 
assessed  at  the  full  value  of/  $4,000  and  yet  the  assess- 
ment is  only  $51.20.  On  the  other  hand,  a  man  might 
have  remonstrated  at  a  valuation  of  $75,000  and  now  be 
assessed  in  the  millions.  In  short,  it  puts  the  burden 
•where  it  belongs. 

Third,  municipal  ownership.  This  same  community  op- 
erates an  electrical  plant  that  not  only  receives  no  appro- 
priation from  public  funds,  but  donates  $15,000  free  street 
lighting  per  year  and  builds  its  white  ways  and  under- 
ground conduits  out  of  profits.  The  water,  sewer  and 
cemeteries  are  also  municipally  owned,  but  of  course  with 
less  profit,  although  often  the  earnings  of  one  department 
are  appropriated  for  some  other  branch  of  the  goveim- 
ment. 

The  last  step  is  community  spirit.  Our  community  cen- 
ters and  allied  activities  are  the  finest  levelers  of  citi- 
zenship possible.  In  its  forums  have  been  sown  the  seed 
of  good  citizenship  which  recognizes  neither  politics  nor 
religion.  Can  you  imagine  a  community  where  the  con- 
tributing of  5  per  cent  of  your  salary  for  the  political  pot 
is  as  unknown  as  the  "slide  rule"  is  to  a  coal  miner? 

The  writer  always  shakes  a  doubting  head  as  to  the 
advisability  when  he  reads  a  list  of  the  wonderful  accom- 
plishments achieved  in  the  first  year  or  two  in  any  com- 
munity under  the  manager  plan — very  often  you  even  fail 
to  find  them  on  the  list  the  following  year.  But  I  do  know 
for  a  fact  that  even  in  a  municipality  under  15,000  popu- 
lation you  can  work  wonders  by  combining  departments, 
eliminating  unnecessary  and  superannuated  fixtures,  con- 
centrating authority  and  converging  the  operating  lines  to 
one  head.  Costs  of  construction  have  been  lowered  as 
much  as  55  per  cent  and  output  increased  300  per  cent 
by  simply  common  sense  changes,  no  efficiency  buncombe. 
Without    doubt,    the    commission    manager    form    is    the 


simplest  way  of  eliminating  politics  and  cliques  in  fire, 
police  and  other  departments.     As  to  purchases,  any  city 
no  matter  how  small  can  save  many  times  the  expense  of 
running  a  purchasing  department,  and  enough  on  cash        L 
discounts  alone  to  offset  considerable  of  the  clerical  force.        " 


The  City  Manager  Plan  in  San  Jose,  Cal.* 

liy  Thomas  H.  Keed.  City  Manager. 

In  San  Jose  with  the  exception  of  the  city  auditor  and 
police  judge,  who  are  elected  by  the  people,  and  the  city 
clerk,  who  is  appointed  by  the  council,  and  the  civil  serv- 
ice commission  and  city  planning  commission,  each  be- 
ing a  little  aside  from  the  ordinary  cares  of  administra- 
tion, the  officers  are  all  appointed  by  the  manager,  includ- 
ing the  members  of  the  board  of  education  and  library 
trustees.  ,  The  manager  may  remove  any  member  of  the 
city  administration.  That  is,  his  power  is  absolute,  so 
far  as  the  administrative  side  of  the  matter  is  concerned. 
So  long  as  he  is  in  favor  with  the  council,  so  long  as  they 
respect  his  judgment,  he  is  in  command,  and  he  is  re- 
sponsible for  what  goes  well  or  what  goes  ill  in  the  insti- 
tution. 

We  have  not  accomplished  wonders  yet.  I  think  that 
every  man  who  undertakes  a  task  of  this  kind,  indeed  ' 
every  man  who  goes  into  any  munipical  office,  feels  that 
the  first  thing  that  he  wants  to  impress  upon  the  public 
is  that  they  must  wait  a  reasonable  time  for  results.  The 
public  has  a  peculiar  habit  of  expecting  that  a  reform 
administration,  when  it  comes  into  office,  is  going  to  suc- 
ceed in  a  few  weeks  in  revolutionizing  the  course  of  years 
and  years  of  municipal  development.  That  cannot  be 
done.  It  is  a  slow  job  to  reverse  the  wheels  and  make 
them  revolve  in  the  opposite  direction,  smoothly  and  with- 
out friction.  We  have  proceeded  slowly  in  San  Jose.  We 
did  abolish  the  office  of  city  treasurer  as  a  paid  office,  and 
deposited  the  funds  of  the  city  on  one  of  the  banks  at 
2.52  per  cent  interest  on  average  daily  balances.  We 
saved  the  city  of  San  Jose  about  $5,000  a  year  by  that 
transaction. 

We  have  installed  a  modern  system  of  purchasing,  buy- 
ing on  scientific  principles.  We  have  already  made  re- 
forms which  will  result  in  a  saving  of  approximately 
$1,000  a  month  merely  on  supplies  that  are  bought  for 
the  city  of  San  Jose.  We  have  reformed  some  of  our  de- 
partments, for  example,  the  Health  Department,  in  which 
formerly  we  had  a  health  officer,  a  doctor  who  gave  such 
of  his  time  as  he  could  for  a  salary  of  $100  a  month.  A 
busy  practicing  physician  of  a  successful  sort  is  not  able 
to  give  very  much  of  his  time  for  that  compensation. 
Under  those  circumstances  you  can  well  realize  that  our 
health  department  was  inadequate  for  the  needs  of  a  city 
of  40,000  population.  We  have  now  a  thoroughly  organ- 
ized public  health  department,  with  a  full-time  deputy 
health  officer,  occupying  all  of  his  time  in  the  work  of  the 
city,  and  we  are  putting  that  department  on  a  basis 
where  it  will  be  able  to  stand  at  the  front  of  all  the  health 
departments  in  the  state  of  California^ 

We  wanted  to  get  a  man  for  the  health  department  to 
take  charge  of  the  work,  and  a  lot  of  our  people  said 
"you  must  take  him  from  San  Jose."  We  said,  "No.  We 
will  give  an  examination,  an  open,  competitive  examina- 
tion, for  the  position  of  assistant  health  officer,  and  we 
will  fill  that  place  with  the  best  man  that  comes  forward 
to  take  the  examination,  irrespective  of  where  he  comes 
from."  And  Mr.  Gray,  at  that  time  health  officer  of  Palo 
Alto,  came  forward  and  took  the  examination,  and  passed 
it  with  100  per  cent,  and  we  appointed  him.  We  feel 
that  we  have  a  prize,  a  man  who  is  not  a  physician  but 
a  civil  and  sanitary  engineer  trained  at  the  University  of 
California,  to  be  a  health  officer.  We  have  a  health  depart- 
ment that  is  moving  like  a  buzz  saw  now  into  the  bad  pub- 
lic health  conditions. 

We  have  done  a  number  of  other  little  things.  We  have 
secured  the  services  of  a  firm  to  install  a  modern  account- 
ing system.    When  I  went  down  to  San  Jose,  I  discovered 


*From   a   paper   presenFed    Oct.    12    before    the    League   of   California 
:NrunicipaUties. 
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that  it  was  almost  impossible  to  find  out  how  much  the 
various  services  in  the  various  departments  had  cost.  No 
comparative  data  of  an  administrative  sort,  such  as  are 
laid  upon  the  desk  of  the  manager  of  a  private  corpora- 
tion for  his  enlightenment  in  handling  the  affairs  of  his 
corporation,  were  to  be  had.  We  are  going  to  have  just 
that  sort  of  thing.  We  are  going  to  have  the  best  and 
most  up-to-date  form  of  accounting  that  can  be  secured, 
and  it  will  be  a  form  of  accounting  much  more  similar  to 
that  made  use  of  in  first-rate  private  corporations  than 
the  usual  traditional  forms  of  municipal  accounting. 

And  then  there  are  a  lot  of  other  little  things  that  we 
have  cl()ne — all  kinds  of  things.  A  city  manager  is  ex- 
pected to  do  almost  anj'thing,  apparentl}',  from  reconciling 
the  marital  difficulties  of  certain  people  in  the  population 
to  straightening  out  the  difficulties  of  saloon  keepers.  It 
all  comes  into  the  city  manager's  office,  and,  as  time  goes 
on,  there  is  more  of  it  coming  in.  We  have  notified  every- 
body in  the  city  of  San  Jose  to  enter  their  complaints 
with  the  manager.  We  published  that  he  could  be  reached 
at  San  Jose  88,  and  San  Jose  88  wires  are  hot  all  day  with 
this,  that,  and  the  other  thing.  We  find  out  quite  a  lot 
by  it.  In  the  first  place,  we  find  out  what  we  should  do  to 
satisfy  the  public,  and,  in  the  second  place,  we  find  out 
something  of  what  our  various  officials  are  doing  in  their 
official  capacities. 

We  have  learned  some  things  about  the  city  manager 
form  of  government.  We  have  learned  something  about 
what  its  merits  are.  It  has  two  merits.  One  is  that  it 
demands  the  careful  and  intelligent  selection  of  the  vari- 
ous officers  to  fill  the  various  positions.  A  manager  must 
make  good — that  is  all  there  is  to  it.  It  does  not  do  him 
any  good  to  play  politics  because  he  cannot  make  good 
by  playing  politics.  He  must  make  good  in  his  work. 
In  order  to  make  good  in  his  work,  he  must  select  the  right 
kind  of  men  for  subordinate  positions.  It  means,  in  other 
words,  that  under  the  manager  plan,  you  get  the  right 
personnel  in  your  city  government. 

Then  there  is  another  thing:  It  means  that  you  have 
a  single  head.  There  is  no  place  in  this  world  for  a  two- 
headed  man  or  a  five-headed  man,  outside  of  a  side  show. 
They  are  interesting  as  objects  of  study,  and  as  matter  of 
scientific  observation,  just  like  a  five-legged  calf,  but  for 
the  purpose  of  administration,  they  are  bad.  When  you 
have  a  single  head,  you  have  the  condition  under  which 
you  can  enforce  responsibility,  and  responsibility  is  the 
most  sobering  and  correcting  influence  in  government. 


Paper  Sheet  Back  Sight. — A  convenient  back  sight  can 
be  made  by  means  of  a  square  sheet  of  white  paper.  A 
small  hole  is  punched  near  one  corner  while  a  larger  one 
is  placed  near  the  opposite  diagonal  corner.  The  paper  is 
placed  in  a  pointed  stick  which  is  stuck  in  the  ground 
at  the  time  the  rodman  was  there.  The  diagonal  corners  of 
the  paper  form  an  accurate  back  sight. 


Restoring  Blueprint  Paper. — Hydrogen  peroxide  will  re- 
store blueprint  paper  that  has  "gone  bad."  The  paper  is 
used  in  customary  manner,  printing  and  washing  as  usual. 
The  hydrogen  peroxide  is  then  applied  with  a  small 
sponge,  bringing  out  the  print  in  detail. 


A  plant  on  a  cornnfercial  scale  will  be  built  by  the  De- 
partment of  Agriculture  for  the  conduct  of  experimental 
work  in  the  production  of  potash  from  kelp,  an  appro- 
priation of  $175,000  for  the  purpose  having  been  made  at 
the  last  session  of  Congress.  Two  locations  are  under 
consideration,  one  near  Santa  Barbara,  and  the  other  near 
Long  Beach,  Cal.  The  plans  call  for  a  plant  capable  of 
handling  approximately  200  tons  of  wet  kelp  per  day.  Elec- 
tric power  probably  will  be  used  for  all  mechanical  op- 
erations, while  heat  for  drying  and  distillation  will  be 
furnished  by  crude  petroleum.  The  equipment  will  con- 
sist of  drying  kilns,  distilling  chambers,  vats,  handling 
machinery,  and  the  necessary  buildings  to  house  this  ap- 
paratus. 
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CONVERSION   FACTORS   IN   COST   KEEPING   AS 
AN  AID  TO  MANAGEMENT. 

By  Halbert   P.   ('.nietle. 

There  are  many  kinds  of  work  involving  a  multiplicity  of 
slightly  varying  conditions  affecting  the  unit  cost,  and 
in  such  cases  it  may  appear  almost  useless  to  ascertain 
the  unit  cost.  Thus,  in  setting  poles  some  of  the  cost 
variables  are:  Character  of  digging,  topography,  depth 
of  hole,  length  and  class  of  pole,  number  of  poles  involved 
in  one  job,  obstructions  such  as  trees  or  existing  lines  of 
wire,  rate  of  wages,  etc.  In  spite  of  all  these  variables  it 
is  possible  so  to  determine  unit  costs  of  pole  setting  as 
to  make  rational  comparisons  of  the  costs  on  one  job  with 
those  on  another.  This  can  most  readily  be  accomplished 
by  the  use  of  what  may  be  termed  conversion  factors. 

A  conversion  factor  is  the  ratio  of  unit  cost  under  an 
assumed  standard  condition  to  unit  cost  under  a  given 
condition  that  varies  from  the  standard.  Thus,  the  unit 
cost  of  digging  a  pole  hole  5  ft.  deep  and  2  ft.  in  diameter 
in  loam  may  be  taken  as  a  standard  when  wages  are  $2 
a  day  when  the  men  work  steadily  8  hours  a  day  at  dig- 
ging holes.  Let  the  resultant  average  unit  cost  of  dig- 
ging be  50  ct.  under  these  standard  conditions.  The  first 
and  most  obvious  conversion  factor  is  one  that  provides 
for  lost  time  due  to  rain  or  other  conditions  beyond  the 
control  of  the  workmen,  for  which  their  pay  is  not 
"docked."  If,  for  example,  rain  causes  a  loss  of  one  hour 
in  the  day,  the  resulting  $2  wage  becomes  28.6  ct.  per 
hour  for  the  7  hr.,  as  compared  with  25  ct.  per  hour  for 
the  standard  8  hr. ;  hence,  the  conversion  factor  for  1  hr. 
of  lost  time  is  28.6  -^  25  =  1.144  or  1  1/7. 

By  timing  the  number  of  minutes  required  to  dig  the 
standard  size  hole  in  different  kinds  of  soil,  conversion 
factors  for  soil  conditions  are  derived.  Thus  the  con- 
version factor  for  clay  of  a  given  sort  may  be  1.3,  for 
hardpan  2.5,  and  so  on. 

In  similar  manner  conversion  factors  for  holes  of  dif- 
ferent sizes  and  depths  are  derived  by  minute-hand  timing. 

The  number  of  holes  involved  in  one  job  affects  the 
cost  per  hole.  If  there  are  too  few  holes  to  keep  the  men 
busy  throughout  the  day  without  the  loss  of  time  mov- 
ing to  another  job,  the  time  lost  in  moving  increases  the 
unit  cost.  Of  course  it  would  be  possible  to  group  this 
lost  time  with  time  lost  because  of  bad  weather,  but  it  is 
not  desirable  to  do  so.  Time  lost  due  to  conditions  entirely 
beyond  the  control  of  the  manager  should  not  be  merged 
with  time  lost  under  conditions  that  are  more  or  less 
controllable.  Altogether  too  much  maintenance  and  con- 
struction work  is  done  in  small  jobs  far  apart,  and  without 
adequate  provision  for  rapidly  moving  the  men  from  one 
job  to  another.  The  job-size  conversion  factor  calls  par- 
ticular attention  to  large  unit  cost  of  small  job  woi-k,  and 
leads  to  study  of  means  of  reducing  the  time  lost  in  mov- 
ing and  getting  started. 

Rates  of  hourly  wages  differ  in  different  localities  and 
in  the  same  locality  at  different  times.  Also  where  small 
gangs  of  men  are  moved  about  over  considerable  dis- 
tances, it  is  frequently  necessary  either  to  increase  their 
wage  or  to  pay  their  board.  Some  gangs  are  not  paid  for 
holidays;  other  gangs  are.  These  and  similar  causes 
affect  the  average  hourly  rate  and  make  close  comparisons 
of  unit  costs  impossible  unless  wage  rate  conversion 
factors  are  used. 

It  is  rather  astonishing  how  seldom  this  cost  factor  is 
given  adequate  consideration,  particularly  v.hen  it  is  so 
readily  determinable.  The  explanation  of  remissness  on 
the  part  of  managers  in  this  respect  probably  is  found 
in  their  general  attitude  toward  unit  costs  as  criteria  of 
efficiency.  Confronted  by  many  variables  they  are  apt  to 
make  no  attempt  to  study  the  effect  even  of  the  variables 
that  are  readily  analyzed.  Almost  every  variable  can  be 
rather  easily  taken  into  account  by  the  conversion  factor 
method,  and  none  more  easily  than  the  wage  variable. 

In  the  stringing  of  wire  there  are  fewer  variables  of 
importance  than  in  digging  pole  holes,  yet  even  these  few 
variables  are  rarely  studied,  and  almost  never  used  to 
establish  conversion  factors.     Whether  tv/o  wires  or  12 
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are  strung  at  one  time  makes  an  enormous  difference  in 
the  cost  of  stringing  per  circuit  mile.  Still,  a  foreman 
often  speaks  with  pride  of  his  low  unit  labor  costs  of 
wire  stringing,  when  the  true  credit  for  the  low  cost  is 
assignable  not  to  him  but  to  the  large  number  of  circuits 
put  up  at  the  same  time.  Conversely,  short  wiring  jobs  of 
single  circuits  strung  through  trees  show  seemingly  enor- 
mous unit  costs  for  labor.  By  timing  the  added  number 
of  minutes  involved  in  trimming  each  tree  and  the  delay 
that  it  causes  in  wire  stringing,  tree-trimming  conversion 
factors  are  derived,  necessitating  only  on  the  part  of  the 
foreman  or  timekeeper  the  recording  of  the  number  of 
trees  of  a  given  class  to  a  given  number  of  poles. 

Each  foreman  .should  be  provided  with  a  table  of  con- 
version factors  and  a  brief  statement  of  the  conditions 
and  number  of  units  that  he  is  to  record  each  day.  The 
ordinary  foreman  should  be  required  to  do  little  or  none 
of  the  calculation  involved  in  making  the  extension  where 
the  conversion  factors  are  applied.  This  should  be  done 
in  the  office  with  a  slide  rule.  But  each  foreman  should 
afterward  be  given  daily,  weekly  or  monthly  statements 
of  the  unit  labor  costs,  reduced  by  the  conversion  factors 
to  the  common  or  standard  units.  Rivalry  among  different 
foremen  is  aroused  when  periodic  statements  of  unit  costs 
iinder  each  foreman  are  sent  out.  Even  under  the  exist- 
ing methods  of  cost  keeping  where  conversion  factors  are 
not  used,  desirable  rivalry  is  secured  by  issuing  unit  cost 
statements.  But  the  existing  method  falls  far  short  of 
what  is  attainable  in  this  respect  by  the  use  of  conversion 
factors.  Foremen  know  that  conditions  vary  to  such  a 
degree  that  the  ordinary  unit  costs  (without  reduction  to 
a  standard  unit)  are  often  meaningless. 


INSTRUMENT  AND  DRAWING  RACKS. 

A  wall  rack  which  does  away  with  the  necessity  of 
dismounting  a  surveying  instrument  when  not  in  use  was 
employed  in  the  field  office  of  Samuel  Au.stin  &  Sons  Co. 
on  a  recent  contract.     The  arrangement  is  shown  in  the 


FIELD  BOOK  SHEET  FOR  DETERMINATION  OF 
TRUE  MERIDIAN. 

The  sheet,  reproduced  below,  was  prepared  by  Mr.  H.  E. 
McClintock,  assistant  engineer,  Union  Pacific  R.  R.,  to 
show  information  necessary  to  determine  true  meridian. 
The  sheet  is  of  such  size  that  it  can  be  pasted  in  regular 
field  books,  thus  permitting  this  information  to  be  at  all 
times  readily  available  in  the  field;  most  field  books  in 
use  by  railroad  engineers  show  nothing  of  this  nature. 

The  times  of  upper  culmination  of  Polaris  are  given 
for  the  year  1911  only,  with  a  notation  that  it  occurs  40 
seconds  later  each  year,  which  permits  the  determination 
of  this  time  at  later  dates  with  sufficient  accuracy  for  the 
purpose  of  determining  culmination  (and  elongation). 

As  it  is  frequently  impossible,  because  of  weather  con- 
ditions, presence  of  intervening  mountains  or  other  dif- 


Instniment    Rack    in    Contractor's    Field    Office. 

accompanying  illustration.  It  consists  of  a  shelf  with 
openings  to  receive  the  head  of  the  tripod  and  to  take 
rods.  The  openings  are  closed  by  gates.  A  useful  rack 
for  holding  working  drawings  also  is  shown  on  the  left 
in  the  illustration. 


DETERMINATION  OF  TRUE  MERIDIAN 
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Field  Book  Stieet  for  True  Meridian. 

Acuities,  or  in  the  lower  latitudes,  and,  of  course,  south 
of  the  Equator,  to  observe  Polaris  at  elongation,  the  usual 
method  by  solar  observation  is  also  included.  The  neces- 
sary corrections  and  calculations  are  shown  on  the  lower 
part  of  the  sheet.  Of-  course  the  ephemeris  for  the  cur- 
rent year  is  required,  a  convenient  vest  pocket  edition  of 
which  is  supplied  gratis  by  many  instrument  makers. 

Notes  showing  the  meridian  at  which  various  kinds  of 
standard  time  agree  with  mean  local  time  are  shown,  thus 
permitting  a  direct  reduction  from  Greenwich  mean  noon 
to  standard  time. 

The  convergence  of  meridians  on  any  line  other  than  a 
north  and  south  line  amounts  to  considerable  in  the  higher 
latitudes,  and  the  last  table  gives  the  amount  of  this  con- 
vergence for  a  line  of  50  miles  in  length,  thus  enabling 
a  ready  check  on  transit  work  by  observation  at  intervals 
on  a  survey. 
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NAMING  AND  NUMBERING  SURVEYING  MONU- 
MENTS OF  U.  S.  COAST  AND  GEODETIC 
SURVEY. 

The  superintendent  of  the  U.  S.  Coast  and  Geodetic 
Survey  has  recently  issued  orders  to  the  chief  of  each 
surveying  vessel  and  land  party  to  stamp  into  the  face  of 
the  metal  tablet  marking  the  surveying  monuments  the 
name  or  number  of  the  particular  monument.  The  bench 
marks  established  in  connection  with  the  determination 
of  the  mean  sea  level  by  tidal  observations  and  of  the  ele- 
vations in  the  interior  of  the  country  by  precise  leveling 
will  be  marked  by  tablets  properly  inscribed  on  which  the 
number  of  the  bench  mark  will  be  stamped.  This  plan 
will  enable  engineers  and  others  to  ask  for  geographic 
positions  or  data  in  regard  to  the  bench  marks  with  the 
assurance  that  those  at  headquarters  will  know  without 
the  least  doubt  the  monuments  for  which  information  is 
wanted. 

One  of  the  new  tablets  used  by  the  survey  is  shown  in 
the  accompanying  illu.stration.  These  tablets  are  set  in 
concrete  or  in  masonry  structures  of  various  kinds.  The 
name  or  number  of  the  station  or  bench  mark,  respective- 
ly, and  the  date  of  its  establishment  are  stamped  on  the 
blank  spaces  at  the  center  of  the  tablet. 

The  instructions  issued  to  the  field  parties  for  mark- 
ing the  stations  or  bench  marks  in  accordance  with  the 
new  plan  include  the  following: 

Wherever  a  triangulation,  reference ,  topographic  or 
hydrographic  station  or  a  leveling  or  tidal  bench  mark  is 
established  and  marked  with  the  standard  inscribed  metal 
disk  or  cap,  the  disk  or  cap  should  be  stainped  with  the 
name  of  the  station  or  the  number  of  the  bench  mark. 
There  should  also  be  stamped  the  year  in  v.'hich  the  sta- 
tion or  bench  mark  is  established.  If  a  station  or  bench 
mark  is  recovered  which  had  been  marked  with  an  in- 
scribed  disk  or  cap,  the  name  or  number  and  the  date 
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rectangular  demand  charts  laid  lengthwise  on  shelves  and 
held  in  place  by  suitable  stationary  clamps  attached  to 
each  end.  The  demand  charts  are  eventually  rolled  up  and 
stored  in  the  pigeonholes. 

The    fasteners    for    charts    consisting    essentially    of 
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ARRANGEMENT  OF  CHARTS  IN  FILING  CABINET 

wooden  spindles  with  spring  holders  are  'constructed  as 
shown  in  detail.  These  may  be  readily  purchased,  how- 
ever, in  a  metal  form  of  better  appearance  and  with  a 
black  enamel  finish.  The  cabinet  is  made  of  wood  0.5  in. 
thick,  the  over-all  dimensions  being  34  in.  by  56  in.  by  6 
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Bench   Mark.  United  States  Coast  and  Geodetic  Survey. 


when  originally  established  should  be  stamped.  Also, 
when  a  recovered  station  or  bench  mark,  which  had  not 
been  marked  with  a  disk  or  cap,  is  remarked  with  a  disk 
or  cap  the  name  or  number  and  the  date  of  original  estab- 
lishment should  be  stamped. 

When  a  new  or  recovered  magnetic  station  is  marked 
with  a  disk,  the  year  in  which  the  station  was  established 
should  be  stamped  on  the  disk.  It  is  not  necessary  to 
stamp  the  name  on  the  mark  of  a  magnetic  station. 

The  only  exceptions  to  this  general  rule  should  be  when 
the  stamping  cannot  be  done  except  at  excessive  cost  or 
delay  to  the  work  or  when  to  stamp  the  mark  would  loosen 
or  destroy  it. 


CONVENIENT    CABINET    FOR    FILING    CHARTS. 

The  accompanying  sketches,  reproduced  from  the  Elec- 
trical World,  illustrated  a  convenient  cabinet  for  filing 
charts.  Large,  white,  distinctive  lettering  underneath 
each  file  of  charts  indicates  clearly  and  readily  the  nature 
of  their  service.  Reports  are  filed,  as  shown,  with  the  long 


in.  in  depth.  The  cover  is  hinged  and  provided  with  a  lock. 
Wooden  fillets  are  used  at  the  inside  corners  to  reinforce 
the  box. 


METHOD  OF  MAKING  STREAM  MEASUREMENTS 
IN  WINTER. 

Determination  of  discharge  under  winter  conditions  is 
perhaps  one  of  the  most  difllcult  features  of  stream  meas- 
urement. The  following  description  the  method  fol- 
lowed by  the  Manitoba  Hydrometric  Survey  is  taken 
from  a  recently  issued  progress  report: 

To  determine  the  discharge  where  an  ice  sheet  is  present, 
holes  are  cut  in  the  ice  at  intervals  of  from  5  to  10  ft., 
large  enough  to  allow  the  free  introduction  of  the  meter 
and  the  measurements  are  then  taken  in  the  same  manner 
as  under  open-water  conditions,  except  that  the  depths  are 
computed  from  the  under  side  of  the  ice  sheet.  In  addition, 
the  gauge  Height  of  the  surface  of  the  water,  to  which  the 
soundings  are  also  referred  and  the  thickness  of  the  ice 
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sheet  at  the  various  points  across  the  section  are  noted. 
The  horizontal  distance  between  these  points  should  pref- 
erably be  the  same  as  under  open-water  conditions, 
although  owing  to  the  amount  of  labor  involved  in  opening 
up  the  holes  this  is  not  always  possible.  The  meter  is 
either  suspended  by  a  cable  in  the  ordinary  manner  or 
fastened  to  the  suspension  rods ;  the  latter  method  is  gen- 
erally used  where  the  water  is  shallow.  For  depths  over  5 
ft.  the  cable  is  found  to  be  most  convenient.  In  metering 
under  ice  conditions,  care  must  be  taken  to  prevent  the 
meter  from  freezing.  In  order  to  obviate  this  as  much 
as  possible,  the  meter  should  be  kept  immersed  and  the 
transfer  from  one  hole  to  another  made  as  quickly  as  pos- 
sible, since  a  small  amount  of  water  congealing  on  the 
rotor  or  near  the  bearing  may  very  materially  change  the 
meter's  rating.  Should  the  meter  become  frozen,  it  may  be 
thawed  out  by  immersing  in  the  water  or  carefully  warm- 
ing and  wiping  before  a  small  fire.  Where  the  rivers  to  be 
metered  are  large,  and  considerable  time  is  necessary  for 
the  operation,  it  is  often  found  advantageous  to  construct 
a  small  shelter  of  poles  and  canvas  in  order  to  protect  the 
meter  and  the  operator.  As  far  as  possible,  winter  meas- 
urements should  be  taken  on  the  same  section  as  those 
under  summer  conditions.  If  this  is  not  found  possible,  or 
conditions  prevent  accurate  measurements  at  the  old 
station,  a  new  station  may  be  selected,  but  if  such  is  done, 
care  should  be  taken  to  refer  the  auxiliary  gauge  installed 
to  the  datum  of  the  summer  station,  and  sufficient  sound- 
ings should  be  taken  at  the  new  station  to  develop  the 
cross-sectional  area. 

The  location  for  winter  stations  where  ice  cover  is 
involved  should  be  well  below  any  stretch  of  open  water 
where  the  formation  of  frazil  or  anchor  ice  might  occur, 
and  clog  the  section.  It  is  preferable  to  locate  the  section 
above  a  rapid  or  fall  if  possible;  even  though  the  forma- 
tion of  an  ice  sheet  occurs,  the  presence  of  such  fall  or 
rapid  below  the  section  will  tend  to  eliminate  any  back- 
water effect  due  to  the  clogging  of  the  channel  below  the 
station,  and  hence  the  gage  readings  will  indicate  more 
closely  the  actual  discharge  from  time  to  time. 

The  gage  at  the  station  should  be  read  daily  and  the 
thickness  of  the  ice  and  the  depth  of  the  under  surface 
of  the  ice  below  the  water  surface  also  noted.  A  record  of 
the  daily  temperature  is  necessary.  The  gage  readers  of 
this  survey  have  been  provided  with  a  thermometer,  a 
device  in  the  form  of  a  modified  scaler's  rule  for  reading 
the  thickness  of  the  ice\  and  where  necessary,  with  an  ice 
chisel.  On  the  forms  provided,  the  gage  reading,  thickness 
of  ice,  depth  of  ice  below  water  surface,  and  temperature 
are  recorded;  these  records  are  kept  in  a  book,  and  post 
cards  of  corresponding  form  are  provided  on  which  the 
records  are  forwarded  to  the  office  each  week. 


AN  ACCOUNTING  SYSTEM  FOR  TOWNSHIP  AND 
DISTRICT  ROAD  OFFICIALS. 

A  system  of  forms  for  the  use  of  township  or  district 
road  officials  in   Illinois  for  keeping  their  accounts  and 
transacting  their  business  has  been  prepared  by  J.   M. 
McCoy,  chief  clerk  bureau  of  audits  of  the  Illinois  High-, 
way  Commission.     These  forms  have  been  approved  by 


STATE    OF    ILLINOIS 
Town  or  District. . 


County 

INVENTORY 

MACHINERY.  TOOLS.  ETC.,  Owned  by  Town  or  District  May  1.  19... 


Article 


Condi- 


Size     By  Whom  Made 


When 
Purchased 


Cost 


.  jca 


Form  1 — Inventory  Blank.     Actual  Size,  81,2  In.  x  14  In. 

the  commission  and  are  now  in  use  by  the  local  highway 
officials.    The  various  forms  are  shown  below. 

Form  1  is  the  inventory  blank.  This  inventory  of  ma- 
chinery, tools,  etc.,  is  made  annually  on  the  first  of  May. 
As  is  called  for  in  this  inventory  blank,  a  completed  in- 


ventory is  filed  with  the  town  clerk  and  copies  furnished 
also  to  the  county  superintendent  of  highways  for  his  in- 
formation. 

Form  No.  2  shows  the  order  by  road  commissioners  on 
Board  of  Highway  Commissioners  to  pay  out  road  funds. 
This  form  is  to  take  care  of  any  particular  work  which  is 
done  under  the  supervision  and  authority  of  any  one  mem- 
Front 


$ No 

19... 

To 

No STATEMENT     ; 

191.. 

To  the  Board  of  Highway  Commissioners : 
District 

I  hereby  certify  that  the  items  contained  on  the  reverse 
side  of  this  statement  are  correct  and  that  there  is  now  due 

the  sum  of 

Dollars 

Higiiway  Commissioner. 

Back 


Name 

Month 

6 
'2  *- 

3 
O 

il    I 

O  3 

C  O 

^                Amount 

Date 

State  What  for 

1 

Total 

i    1 

1 

SUMMARY 

Earth  Roads.  Const. . 

Repairs 
Damages 
Supplies 
m  isc  ell  a 

1 

Dragg 

H\RD    R 



Repairs 

n:eous 

f 

Repai 

TOTAI 

1 

Form  2 — Order  by  Road  Commissioners  on   Board  of  Highway  Commis- 
sioners.    Actual  Size,  12  In.  x  4' 4  In. 

ber  of  the  Board  of  Highway  Commissioners.  It  is  filled 
in  and  signed  by  the  Commissioner  in  charge  and  approved 
by  the  Board  of  Highway  Commissioners  at  their  subse- 
quent meeting  and  filed  with  the  town  clerk. 

It  is  important  that  this  order  be  filed  with  the  tow-n 
clerk  as  he  must  have  a  record  of  all  business  transacted 


No..     Date 

Hrs. 

Prices 

Order  No 

..191 

111.. 

Treasurer.  Towx  of.  . 
Fund S 

With  Teams 

To 

Earth  Rds.  Const 

For 

Hard  Rds.  Const 

Pay  to  the  orde 

r  of 

Dollars 

Bdgs.&Culv.Con 

the  sum  of 

For 

Mch. .  Purchase  ol 

Road..  Bridge.. 

Amount,  $ 

Total 

1 

Town  Clerk 

Highway 

Com'rs 

Form   3 — Order  of   Highway  Commissioners  to   Pay   Out   Funds. 
Actual  Size,   12  In.  x  4' 4   In. 

at  a  meeting  of  a  Board  of  Highway  Commissioners  and  a 
failure  on  his  part  to  keep  such  a  record  renders  the  ac- 
tion of  the  highway  commissioners  void  and  in  some  cases 
illegal.  This  form  provides  for  classification  of  the  work 
for  which  funds  are  expended,  which  should  agree  with 
the  order  blank.  Form  No.  3.  It  is  important  that  this 
classification   be   filled   out  so  that  the  town   clerk  may 
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make  an  intelligent  distribution  of  the  disbursements  of 
the  funds  provided  for  in  the  order. 

Form  No.  3  shows  the  order  of  highway  commissioners 
to  pay  out  funds.  This  form  is  an  order  of  the  highway 
commissioners  directing  the  treasurer  to  pay  out  funds 
and  is  signed  by  at  least  two  highway  commissioners  un- 
der the  three  commissioner  system,  or  by  the  single  high- 
way commissioner,  where  the  latter  system  has  been 
adopted. 
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is  made  up  of  pages  similar  to  Form  4b  which  pro- 
vides for  a  classification  of  the  expenditures  recorded  in 
the  summary  in  the  front  of  the  book.  This  record  book 
is  somewhat  similar  to  the  treasurer's  book  sent  out  two 
years  ago  by  the  State  Highway  Commission. 

P^rm  No.  5  is  the  blank  used  for  a  report  to  the  county 
superintendent  of  highways  of  the  receipt  and  disburse- 
ments of  the  township  funds.  The  purpose  of  this  form, 
which  should  be  made  out  each  month  and  certified  to  by 


STATE  OF  ILLINOIS 

Highway  Treasurer  in  Account  with  { ?^^'„''' }  of County 

Fund 

D.\TE 

TOTAL    RECEIPTS 

AMOUNT 

DATE 

TOTAL    EXPENDITURES 

AMOUNTS 

From  Whom  Received 

Semi-Annual  Summary  of  Expenditures 

\ 

Right   Hand    Page. 


STATE  OF  ILLINOIS 

Highway  Treasurer  in  Account  with  {^i',''^'^'}  of County 

Fund 

Date 

TOTAL    RECEIPTS 

AMOUNTS 

Date 

TOTAL    EXPENDITURES 

1 
AMOUNTS 

From  Whom  Received 

Semi-Annual  Summary  of  Expenditures 

— 

— 

Left    Hand    Page. 

Form  4a— Right  and   Left-Hand  Pages  of  Book  for  Sheet  for  Recording     Summary  of  Receipts  and  Expenditures.     Actual  Size,  28  In.  x  8' '2  In. 


Space  has  been  provided  on  this  form  for  the  signature 
of  the  town  clerk.  This  signature  is  not  required  by  law 
but  in  order  that  there  may  be  a  proper  record  of  the 
proceedings  and  that  the  township  treasurer  may  know 
that  the  town  clerk  has  made  a  proper  record  of  this  order, 
it  has  been  deemed  advisable  that  the  signature  of  the 
town  clerk  appear  on  all  such  orders.     The  classification 


the  town  clerk,  is  to  give  to  the  County  Superintendent  of 
Highways  such  information  as  is  necessary  for  him  to 
have  in  carrying  out  properly  the  duties  of  his  office. 

Form  No.  6  is  a  page  from  the  record  book  kept  by 
county  superintendent  of  highways  in  order  to  obtain  in- 
formation relative  to  financial  conditions  of  various  town- 
ships.    It  is  not  the  intention  that  this  book  should  be 
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EARTH     ROADS 

HARD    ROADS 

BRIDGES  &  CULVERTS 

MACHINERY 

Damages 
Roads 
Ditches 

SUPPLIES 

MISCELLA- 
NEOUS 

Construc- 
tion 

Grading 

Dragging 

Construc- 
tion 

Repairs 

Construction 

Repairb 

Purchase  of 

Repairs 

' 

Right   Hand   Page. 


ROAD  AND  BRIDGE  EXPENDITURES  {?i^J§'^^}  OF COUNTY 

DATE 

TO  WHOM.  PAID 

FOR  WHAT 

Order 
Numbe  r 

Road  or 
Bridge 

TIME  HOURS 

FUND 

With 
Team 

Without 
Team 

With 
Machine 
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Hour 

General 

Hard 
Roads 



— 

Left   Hand   Page. 
Form  4b — Sheet  for  Classification  of  Expenditures.     Actual  Size,  28  In.    x  8' 2   In. 


of  the  expenditure  of  funds  contained  in  this  order  agrees 
with  the  classification  on  Form  No.  2  as  well  as  the  classi- 
fication of  the  treasurer's  record  book. 

Form  No.  4  is  a  sheet  for  the  record  book  for  use  of 
town  treasurer.  This  book  is  to  consist  of  two  sections; 
the  first  section  being  made  up  of  about  40  or  50  sheets 
of  Form  4a,  which  will  serve  for  recording  a  summary  of 
the  receipts  and  expenditures.     The  balance  of  the  book 


kept  in  detail  as  to  the  amount  of  expenditures  but  only 
as  to  show,  monthly,  a  summary  of  each  monthly  report 
thereby  enabling  the  county  superintendent  at  any  time 
to  get  at  the  financial  condition  of  each  township.  This 
information  is  necessary  in  order  that  he  may  be  properly 
informed  as  to  the  financial  condition  of  the  township 
when  he  is  asked  for  approval  of  all  contracts  in  excess 
of  1200. 
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Receipts  and  Disbursements  account  Road  and  Bridge  moneys  for 
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/  Right    Hand    Page. 

Form   5 — Sheet   for   Report   to   County   Superintendent   of    Highways   of  Receipt  and   Disbursement  of   Funds.     Actual  Size,  34   In.  x  91/4  In. 
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Hard  Roads 
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Right    Hand    Page. 
Form    6 — Record    Book    Kept    by    County    Highway    Superintendent.   Actual  Size.  28   In.  x  8I/2   In. 


APPROVAL  FORM 

FOR 

TOWNSHIP  PURCHASES  AND  CONTRACTS 


.191. 


At  a meeting  of  the  Highway  Commissioners 

of Township County 

State  of  Illinois,  held  on  the day  of 191.... 

it  was  decided,  subject  to  the  approval  of  the  County  Superintendent  of  Highways,  to 
make  Machinery  Purchases  as  follows: 


Name  of  Firm 

Article 

Price 

Allowance  on 
Old  Machine 

Net  Price 

1 

i 

1 

to  award  Road.  Bridge  and  Other  Contracts  as  follows: — 

I  hereby  certify  that  the  foregoing  is  a  correct  copy  of  the  records  as  appears  i 

the  minutes  of  the meeting  of  the  Highway  Commissioners  of 

Township .  held  on day  of 191... 


Approved  this 


.day  of. 


Town  Clerk. 
191. 


County  Superintendent  of  Highways. 


Form   7 — Blank   for   Approval   of  Town    Purchases   and   Contracts. 
Actual  Size,  S(/2   In.  x  14  In. 

Form  No.  7  is  the  approval  form  for  township  purchases 
and  contracts.  This  form  is  to  be  made  out  by  the  town 
clerk  and  attached  to  all  contracts  which  involve  sums  in 
excess  of  $200.  This  approval  sheet  should  be  made  up  in 
triplicate  and  forwarded  to  the  county  superintendent  of 
highways  for  his  approval;  one  copy  is  retained  by  the' 
county  superintendent  for  his  files;  one  copy  sent  to  the 
town  clerk  and  one  given  to  the  treasurer  in  order  that 


he  may  know  all  the  requirements  of  the  law  have  been 
fulfilled. 


IRREGULAR  SUBDIVISION  SURVEYS  AND 
COMPUTATIONS. 

Contributed  by  R.  Conover. 

The  majority  of  real  estate  subdivisions  now  being 
marketed  on  the  Pacific  slope,  especially  around  the  larger 
cities,  do  not  follow  the  gridiron  system  of  layout,  the 
streets  being  made  to  conform  to  the  topography.  This 
planning  is  work  for  the  landscape  architect,  but  the 
surveyor  must  be  called  on  for  the  preliminary  to- 
pography, the  execution  of  the  plan  in,  the  field  and  the 
computations  necessary  for  the  field  map.  It  is  the  pur- 
pose of  this  article  to  describe  t.hose  methods  which  it  is 
believed  are  best  fitted  for  this  work. 

The  first  necessity  is  a  topographical  map,  which  used 
in  the  field  and  office,  gives  the  architect  and  his  client 
a  basis  upon  which  to  lay  out  the  subdivision  plan.  This 
should  not  be  taken  with  too  high  a  degree  of  precision. 
The  streets  themselves  occupy  but  a  small  percentage 
of  the  entire  area,  and  if  an  attempt  is  made  to  cover  all 
the  ground  with  contours  exact  enough  to  permit  an  ac- 
curate office  location  being  made  the  work  spent  on  that 
part  occupied  finally  by  the  lots  is  to  a  great  extent 
wasted.  The  requirement  to  be  met  is  that  the  grades 
and  location  of  the  roads  finally  shall  not  differ  materially 
from  those  projected,  and  that  fairly  clear  idea  can  be 
had  of  the  exposure  and  general  slope  of  each  lot.  No 
greater  accuracy  is  required  than  will  permit  of  a  gen- 
eral layout  being  made  of  a  sewer  system.  The  fact  that 
seldom  will  a  road  lie  below  the  lots  on  each  side  of  it 
makes  it  necessary  to  reserve  sewer  rights  of  way  along 
side  and  back  lot  lines. 

A  careful  survey  should  be  made  of  the  exteriors.   From 
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this  a  skeleton  of  either  chained  or  stadia  traverses  should 
be  laid  out,  following  generally  the  better  defined  ridges 
and  guUys  if  such  are  present.  This  survey  is  next 
mapped  on  a  scale  of  100  ft.  to  the  inch  on  a  good  quality 
paper,  the  bearings  and  distances  of  the  lines  and  eleva- 
tions of  points  being  shown.  Topography  should  be 
mapped  in  the  field,  a  party  consisting  of  a  topographer, 
a  transitman  and  a  rodman. 

The  writer  has  used  with  success  a  home-made  plane 
table  20  in.  by  30  in.  mounted  on  a  tripod,  no  arrangement 
being  made  for  leveling.  It  was  found  that  in  ordinary 
ground  a  single  2  in.  by  4  in.  leg  with  an  iron  point 
projecting  6  in.  below  the  square  bottom  of  the  leg  gave 
sufficient  support.  The  soil  in  California  in  the  summer 
is  too  liard  to  be  penetrated  and  a  tripod  is  necessary.  A. 
K.  &  E.  stadia  slide  rule,  fastened  to  the  board  and  an 
8-in.  semicircular  transparent  protractor  with  a  scale 
marked  on  its  straight  edge  complete  the  sketching  equip- 
ment. 

In  operation  the  transit  occupys  a  station,  the  plate 
being  oriented  to  read  true  azimuth.  The  topographer 
sets  up  fairly  close  to  the  transit,  orienting  the  table  ap- 
proximately by  eye  and  draws  a  light  meridian  line 
through  the  station  occupied.  The  rodman  having  given 
a  "shot,"  the  transitman  calls  off  the  rod  distance  to  the 
topographer  w^ho  sets  it  on  the  slide  rule,  next  the  azimuth 
is  called  to  the  nearest  10  or  15  minutes  of  arc,  no  at- 
tempt being  made  to  use  the  vernier.  Tho  topographer 
swings  the  protractor  on  the  needle  stuck  through  the 
station  until  it  indicates  the  correct  azimuth  and  holds  it 
with  his  left  hand.  The  vertical  angle  is  next  read  by  the 
transitman,  and  an  inspection  of  the  slide  rule  gives  both 
the  difference  of  elevation  and  the  corrected  horizontal 
distance,  the  latter  usually  being  considered  the  same  as 
the  rod  distance  for  angles  less  than  5°. 

This  method  does  not  of  course  preserve  the  notes  for 
future  checking,  and  it  may  be  urged  that  there  is  a 
large  chance  for  error.  Stadia  notes  that  are  platted  in 
the  office  are  seldom  used  a  second  time,  however,  and  the 
errors  that  are  made  are  usually  such  that  they  are 
quickly  seen  and  corrected  in  the  field.  The  same  errors 
being  brought  into  the  office  cause  much  more  trouble. 
As  many  as  400  shots  have  been  taken,  reduced,  spotted 
and  the  topography  drawn  in  a  9^  2-hour  working  day. 
This  record  of  course  was  made  under  favorable  condi- 
tions and  250  is  probably  an  average  number.  The  char- 
acter of  the  country  and  the  experience  of  the  men  are 
factors  which  vary  so  widely  that  it  would  be  unwise  to 
give  any  figures  for  acreage  taken,  but  it  is  known  that 
this  system  gives  better  results  both  as  to  character  of 
work  and  cost  than  when  notes  are  taken  and  the  reduc- 
tion and  platting  are  done  in  the  office. 

A  blue  line  print  should  be  made  for  the  architect, 
the  topography  stations  being  shown  thereon  to  enable 
him  to  locate  himself  in  the  field.  He  will  return  it  to 
the  surveyor  with  the  proposed  plan.  It  is  then  the  work 
of  the  latter  to  mark  in  the  field  the  center  lines  of  the 
roads  as  shown.  The  designer  should  then  make  a  field 
inspection  and  indicate  where  he  desires  changes.  If  this 
is  not  done  it  is  extremely  annoying  to  figure  balanced 
road  centers  and  lot  lines  and  then  repeat  the  work  to 
satisfy  the  artistic  sense  of  the  designer.  This  procedure 
is  urged  with  a  depth  of  feeling  that  cold  print  cannot 
convey. 

The  one  great  difficulty  of  this  work  is  that  the  map 
as  finally  placed  on  record  should  be  trigonometrically 
accurate;  in  other  words  it  should  "close  flat."  For  while 
it  is  understood  that  no  such  survey  can  be  actually  ac- 
complished, it  is  impossible  to  retrace  the  survey  of  a 
lot  that  does  not  close  and  the  errors  in  the  field  work  can 
usually  be  held  down  to  such  a  quantity  that  when  spread 
over  the  perimeter  of  a  block  the  resulting  difference 
from  the  field  returns  is  negligible. 

In  subdivision  work  the  curvature  is  designated  by  the 
curve  radii  and  curve  distances  shown  are  along  arcs. 
The  character  of  street  alignments  is  usually  in  one  of 
two  classes:  The  first  where  tangents  predominate,  and 
the  second  where  there  are  principally  curves.     In  the 
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first  class  the  P.I.'s  are  set  and  the  work  done  some- 
what similarly  to  railroad  location,  the  corrections  in 
closures  being  made  in  the  tangent  bearings  and  dis- 
tances. The  second  class,  however,  presents  a  more  diffi- 
cult problem  when  the  attempt  is  made  to  perfect  a 
closure.  Short  tangents  (less  than  10  or  15  ft.)  should 
not  be  left  between  curves  as  it  makes  a  complicated 
map.  They  should  either  compound  or  reverse  directly, 
and  the  computer  in  balancing  the  survey  is  confronted 
with  either  making  large  changes  in  the  few  short,  tan- 
gents or  in  the  distances  between  the  P.I.'s,  the  difldculty 
of  the  latter  method  being  that  the  subtangent  distances 
on  each  side  of  a  P.I.  must  be  kept  equal. 

There  are  two  methods  for  a  solution.  In  the  first,  as- 
suming that  the  grade  approaches  the  maximum  allow- 
able, a  chrometer  line  is  run  along  the  approximate  loca- 
tion, a  stadia  survey  follows  this  and  the  points  so  taken 
are  platted  fairly  close.  The  road  center  line  is  projected, 
the  point  of  compound  and  reverse  curve  being  marked. 
These  points  are  then  set  in  the  field  from  the  nearest 
stadia  station,  bearings  and  distances  being  scaled.  A 
tack  is  set  in  the  center  of  each  stake  and  finally  a  care- 
ful traverse  line  run  over  the  latter,  the  notes  being  the 
alignment  of  contiguous  long  chords.  If  this  is  done  for 
each  street  in  the  entire  subdivision  and  a  closure  figured 
for  each  block  along  the  long  chords,  a  careful  study  of 
the  results  will  make  it  possible  to  balance  the  traverses 
both  as  to  bearings  and  distances  so  that  no  large  cor- 
rection is  applied  to  any  one  angle  or  distance.  From 
these  corrected  long  chord  distances  and  the  intersection 
angles  between  them  the  central  angles  and  the  radii  of 
the  curves  may  be  computed.  These,  of  course,  will  al- 
ways be  fractional  and  if  it  is  desired  that  the  radii  be 
arbitrarily  chosen,  the  second  method  can  be  followed. 
In  this  the  reconnaissance  is  run  as  before  and  a  care- 
fully chained  transit  line  run  over  or  near  it,  the  points 
through  which  it  is  desired  the  location  shall  fall  being 
located  by  side  shots.  This  line  is  balanced  and  closed 
and  the  co-ordinates  of  each  transit  point  computed  and 
the  line  platted. 

The  location  is  now  projected  with  the  desired  radii 
and  their  bearings  scaled.  A  traverse  is  figured  over  this 
projected  line  to  the  last  point  before  its  junction  with 
the  boundary  or  some  other  road,  the  junction  itself  being 
computed.  From  the  co-ordinates  of  these  curve  points 
and  those  figured  for  the  transit  line,  the  necessary  data 
can  be  obtained  to  permit  the  curve  points  being  set.  This 
method  involves  more  work  and  the  final  results  are  not 
as  satisfactory  as  with  the  first. 

In  the  computations  an  origin  of  co-ordinates  should  be 
chosen  well  to  the  south  and  west  of  any  part  of  the  work 
and  co-ordinates  figured  for  each  curve  point  and  center. 
In  residential  subdivisions  the  figures  shown  on  the  filing 
map  are  to  side  lines  of  streets.  Occasionally  there  arises 
work  where  the  lots  are  sold  by  acreage  and  in  this  case 
the  street  centers  are  considered  the  property  lines  and 
dimensions  shown  are  to  them.  Distances  are  shown  to 
the  hundredth  of  a  foot  and  angles  to  10  seconds  of  arc. 

A  working  drawing  should  be  made  of  each  block  on  a 
scale  of  20  to  50  ft.  to  the  inch,  the  lines  being  platted 
by  co-ordinates.  The  side  lines  of  streets  should  be  shown 
with  "return"  curves  betwen  them  at  street  intersections. 
The  lots  should  be  drawn  to  conform  to  the  plan.  Slight 
changes  can  be  made  which  simplify  the  computations. 
Thus  lot  lines  which  are  nearly  radial  can  be  made  exactly 
so  and  those  which  intersect  street  lines  near  curve  points 
can  be  made  to  strike  those  points  exactly.  The  dimen- 
sions of  about  half  the  lines  must  be  determined  from  the 
drawing,  those  for  the  rest  being  computed.  If  the  work- 
ing drawing  is  carefully  made  much  time  can  be  saved 
by  scaling  both  distances  and  bearings.  This  is  simpler 
than  scaling  co-ordinates  for  the  ends  of  each  line  and 
computing  the  closure  between  besides  giving  integral 
results. 

A  Brown  &  Sharpe  protractor  is  very  useful  in  taking 
off  bearings.  The  procedure  is  usually  to  take  the  main 
back  lot  line  running  through  the  center  of  the  block  and 
scale  distance  and  bearing  for  each  course  but  the  last, 
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which  must  be  computed.  Co-ordinates  are  figured  for 
each  lot  corner  along  this  line.  Unless  the  side  lot  lines 
are  parallel,  which  is  exceptional,  it  is  best  to  draw  the 
radii  from  the  centers  of  the  street  curves  to  the  points 
where  the  lot  lines  intersect  the  streets,  scale  the  radial 
bearings  and  compute  the  co-ordinates  of  the  lot  comers. 
Co-ordinates  for  each  end  of  lot  lines  being  thus  given  it 
is  a  simple  matter  to  figure  the  closing  course.  The  solu- 
tion of  the  missing  dimensions  resolves  itself  into  four 
trigonometrical  cases. 

The  writer  uses  Vega's  7  place  logarithmic  tables,  al- 
though a  Marchant  or  similar  calculating  machine  used 
in  connection  with  natural  functions  is  slightly  faster  for 
straight  traverses  and  in  the  solution  of  arc  lengths. 
Although  not  usually  the  custom  it  is  best  to  show  radial 
bearings  occasionally  on  the  filing  map,  especially  near 
street  intersections,  for  if  they  are  omitted  the  only  way 
to  establish  the  connection  between  the  street  alignments 
is  by  the  arc  of  the  short  radius  return  curve. 

Costs  vary  with  the  difficulty  of  the  work,  but  on  ordi- 
nary size  lots  all  the  preliminary  and  final  calculations 
can  be  done  at  the  rate  of  10  lots  per  man  per  day.  A 
copy  of  the  working  map  with  the  necessary  dimensions 
is  given  the  field  men  who  set  the  lot  stakes  as  a  final 
step. 

METHOD    OF    MAKING    SURVEYS    AND    PRE- 
LIMINARY DESIGN  FOR  THE  WINNIPEG 
AQUEDUCT.* 

Location  of  Aqueduct  Line. 

The  engineering  force  for  the  carrying  out  of  the  work 
was  organized  in  the  late  fall  of  1913,  and  work  in  the 
field  and  office  was  actively  pushed  forward  to  establish 
the  final  line.  Five  field  parties  were  sent  out  on  location 
for  the  purpose  of  obtaining  a  line  with  a  continuous 
down-grade  as  near  the  average  slope  as  possible  between 
Shoal  Lake  and  Winnipeg.  It  may  be  stated  here  that  a 
line  was  secured  in  which  more  than  36  per  cent  was 
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1 — Hydraulic    Characteristics    for    Arch    Aqueduct — Slope    0.6    Ft. 
per  1,000  Ft. 


near  the  intersections  with  the  preliminary  location.  The 
other  field  parties  then  ran  lines  of  levels  along  the  north 
and  south  Section  lines,  by  means  of  which  the  general 
slopes  of  the  country  were  quickly  established.  Contours 
plotted  from  these  results  showed  that  the  country  has 
a  very  gentle  drop  towards  the  northwest.  When  this 
mass  of  data  was  sent  in  to  head  office  several  trial  lines 
were  laid  down  and  the  field  parties  were  instructed  to 
run  them  out.     At  the  same  time  cost  curves  were  made 


practically  on  the  average  slope,  while  the  actual  increase 
in  the  length  of  the  line  over  a  direct  air  line  is  only  8 
per  cent.  The  difference  in  elevation  between  Indian  Bay 
and  the  surface  of  the  water  in  McPhillips  St.  Reservoirs 
is  293  ft.,  and  the  length  of  the  line  97  miles  approxi- 
mately— so  that  the  average  slope  is  0.57  ft.  per  1,000  ft. 
of  length.  The  comparative  flatness  of  this  slope  and  the 
necessity  for  holding  the  line  as  near  to  the  average  slope 
as  possible  rendered  it  extremely  important  to  have  even 
the  preliminary  field  work  carried  out  in  an  accurate  man- 
ner. For  this  reason  one  field  party  was  sent  out  with 
instructions  to  establish  a  line  of  precise  level  bench 
marks,  which  bench  marks  were  located,  as  a  rule,  on  the 
north  and  south  Provincial  Range  and  Section  lines  at  or 
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Fig.  2 — Ratio  of  Depth  of  Excavation  and  Height  of  Foundation   Fill  to 
Cost   Per  Foot  of  Aqueduct  for  Varying   Siopes. 

up  in  head  office  showing  the  variation  in  the  cost  of  the 
aqueduct  structures  at  varying  depths  of  excavation,  and 
for  varying  sizes  of  aqueduct,  the  slopes  ranging  from 
0.1  ft.  per  1,000  ft.  to  IV2  ft.  per  1,000  ft.  By  this  means 
the  separate  field  parties  were  then  enabled  to  adjust  the 
various  lines  to  a  minimum  cost,  taking  into  account  all 
the  varying  items  affecting  such  cost,  such  as  the  depth  of 
cut,  slope  and  length.  Owing  to  the  unsettled  nature  of 
the  country  the  camps  were  practically  isolated  as  com- 
munication had  to  be  made  by  means  of  runners  and  sup- 
plies packed  in  on  the  backs  of  porters  or  by  canoe  up  the 
Brokenhead  and  Whitemouth  Rivers. 

Owing  to  the  flatness  of  the  surface  of  the  country  the 
rain  water  does  not  drain  off,  and  on  account  of  the  im- 
pervious subsoil,  which  consists  of  a  sandy  clay,  large 
areas  of  swamps,  sloughs  and  muskegs  have  formed,  mak- 


*From  a  paper  presented  before  the  Canadian  Society  of  Civil  Engi- 
neers by  W.  G.  Chace.  Chief  Engineer  of  the  Aqueduct,  and  M.  V. 
Sauer,  Assistant  Chief  Engineer. 
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Fig.  3 — Relation   of   Dimensions  of  Aqueduct  Sections  to  Slope. 

ing  the  country  inaccessible,  except  in  winter  time.  It 
was  thus  necessary  to  carry  the  location  work  forward 
with  the  greatest  dispatch  during  the  first  winter  season. 
The  line  was  located,  except  for  certain  short  portions,  by 
the  beginning  of  spring  in  1914. 

The  following  figures  show  generally  the  amount  of 
work  covered  by  the  five  field  parties  during  the  winter 
season  from  the  time  they  started  out  until  the  line  was 
located:  362  miles  of  transit  lines;  1,317  miles  of  levels; 
95  miles  of  precise  levels ;  380  square  miles  topography. 

Borings  were  also  made  during  the  process  of  location 
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to  determine  the  depth  of  the  overlying  muskegs.  Some 
12,000  ft.  of  borings  were  made  and  recorded.  It  may  be 
added  that  the  expeditious  manner  in  which  the  work  was 
carried  out  reflects  great  credit  on  all  of  the  field  parties 
engaged. 

The  necessity  for  active  co-operation  between  head  of- 
fice and  the  various  field  parties  can  readily  be  seen  in 
order  that  the  results  obtained  might  be  co-related  before 
any  one  party  had  gone  too  far.  The  cost  curves  men- 
tioned above,  one  of  which  is  shown  in  Fig.  1,  were  of 
material  assistance  in  this  regard. 

Preliminary  Design. 
While  the  field  work  was  in  progress  active  work  in 
head  oflice  was  carried  out  on  the  details  of  design  and 
layout.  It  was  soon  recognized  that  the  utmost  refine- 
ment in  design  was  required  to  keep  the  co.st  of  the  work 
within  bounds;  for  example,  it,  may  be  pointed  out  in  this 
regard  that  the  addition  of  1  in.  thickness  to  the  aqueduct 
section  would  add  over  .$400,000  to  the  cost  of  construc- 
tion. 

To  determine  on  the  type  of  aqueduct  structure  to  be 
adopted,  studies  were  made  of  the  economic  and  hydraulic 
characteristics  of  various  concrete  arch  types  and  of  a 
reinforced  concrete  box  type.  This  latter  had  some  ad- 
vantages from  an  economic  point  of  view,  but  the  ques- 
tion of  the  life  of  reinforcing  steel  with  thin  concrete 
covering  threw  doubt  on  the  desirability  of  its  use  for  an 
aqueduct  to  deliver  a  permanent  supply  to  a  rapidly  grow- 
ing city  like  Winnipeg,  and  such  a  type  would  be  much  less 
rapidly  built  than  an  arch  or  self-supporting  type.  If  the 
concrete  sections  were  thickened  up  sufficiently  to  fur- 
nish an  undoubted'  protection  to  the  steel,  the  economies 
of  this  type  disappeared  and  left  the  advantage  to  the  con- 
crete arch. 

The  varying  slopes  of  the  aqueduct  required  different 
sizes  of  sections  to  accommodate  the  varj-ing  velocities. 
In  analyzing  the  arch  stresses  the  maximum  and  minimum 
sizes  were  examined  and  treated  for  various  conditions  of 
backfill  loading  both  with  the  aqueduct  running  full  and 
standing  empty.  The  backfill  consists  of  varying  -types 
of  soil,  principally  clay  and  muskeg.  It  was  decided  that 
the  type  of  arch  lying  betwen  the  semi-circle  and  the 
parabola  was  best  fitted  to  resist  the  backfill  stresses. 
Where  the  foundation  for  the  structure  is  found  to  be  of  a 
rigid  nature  the  invert  is  not  reinforced,  but  in  the  in- 
stances where  it  is  found  necessary  to  place  foundation 
fill  to  replace  soft  material,  or  to  bring  the  aqueduct  up 
to  grade  line,  or  where  the  foundation  is  not  unyielding, 
reinforcing  steel  is  being  placed  in  the  invert. 

In  order  to  arrive  at  the  proper  sizes  of  sections  for  the 
varying  slopes  the  curves  for  area,  velocity,  discharge  and 
hydraulic  radius  were  plotted  for  the  maximum  and  mini- 
mum sections  and  for  several  intermediate  sections.  A 
typical  curve  sheet  is  shown  in  Fig.  2.  As  the  sections 
from  which  these  curves  were  plotted  corresponded  to 
definite  slopes,  a  series  of  curves  were  then  plotted  on 
the  basis  of  slope  in  feet  per  thousand  as  abscissae,  and 
the  dimensions  of  the  sections  and  hydraulic  character- 
istics as  ordinates.  By  plotting  up  points  from  the  in- 
dividual curves  at  the  85,000,000-gal.  level  and  joining 
these  up  with  smooth  curves  the  dimensions  of  the  aque- 
duct sections  were  then  readily  obtained  for  any  slope. 
These  curves  are  shown  in  Fig.  3.  Similar  curves  were 
laid  out  for  ail  the  governing  dimensions  entering  into 
the  design  of  the  sections. 

For  determining  the  discharge  of  the  various  sections, 
the  values  of  coefficients  as  stated  in  several  published  re- 
ports on  other  similar  structures  were  studied.  Those  of 
Fteley  and  Stearns  made  on  the  Sudbury  aqueduct  were 
used  as  a  basis  for  determining  the  value  of  "C"  in  the 
Chezy  formula,  as  the  general  conditions  and  size  of  this 
structure  seemed  to  correspond  most  nearly  to  the  Winni- 
peg aqueduct.  The  values  used  were  determined  by  plot- 
ting the  Sudbury  results  on  the  basis  of  variation  of  hy- 
draulic radius  to  the  value  of  "C."  A  conservative  curve 
was  then  plotted  for  "C"  for  the  Winnipeg  aqueduct  on 
the  basis  of  the  Sudbury  curve,  less  5  per  cent. 

After  the  sections  corresponding  to  the  various  slopes 
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had  been  determined,  the  whole  system  was  laid  out  in 
profile,  and  the  hydraulic  grade  was  plotted  for  various 
discharges,  the  25,000,000-gal.  grade  being  carried  from 
the  easterly  end  of  the  pressure  section  to  the  McPhillips 
St.  reservoirs,  and  the  other  discharges  to  the  site  of  the 
future  reservoir  at  Deacon.  In  order  that  the  effect  of 
the  transition  sections  between  the  various  sizes  of  aque- 
ducts could  be  taken  into  account,  as  well  as  the  velocity 
heads,  this  hydraulic  grade  was  plotted  back  step  by  step 
by  means  of  arithmetic  integration.  The  manner  in 
which  this  grade  was  plotted  can  be  briefly  described  as 
follows:  Starting  from  any  point  at  which  the  water 
level  is  known,  the  depth  in  the  aqueduct  is  thereby  fixed 
and  consequently  the  velocity  and  hydraulic  radius  are 
known  as  well  as  the  value  of  "C."  With  these  three 
known  qualities  the  value  of  the  slope  is  then  calculated 
from  the  Chezy  formula  and  a  line  is  drawn  upstream  from 
the  water  surface  for  a  short  distance.  If  this  line  is  not 
parallel  to  the  aqueduct  grade  new  values  for  "v,"  "r,"  and 
"C"  are  then  determined  upstream  a  short  distance  from 
the  first  point,  and  the  process  is  then  repeated  and  a  new 
slope  is  obtained  and  plotted  from  the  la.st  point  deter- 
mined. In  this  way  the  surface  slope  is  carried  back  step 
by  step,  giving  the  final  hydraulic  grade  shown.  Where 
a  large  change  of  section  occurred  between  two  adjacent 
portions  of  the  aqueduct  this  method  of  plotting  the  sur- 
face slope  gave  some  interesting  results,  showing  up  a 
wave  in  one  instance  at  the  foot  of  the  transition  sec- 
tion. 


STADIA  COEFFICENT  CURVE. 

The  stadia  coefficient  curve,  shown  in  the  accompany- 
ing cut,  has  been  found  useful  by  the  Denton  Engineering 
Co.,  Worland,  Wyo.,  in  its  field  work  in  mountainous  coun- 
try. A  blue  print  of  the  curve  is  inserted  in  the  back  of 
the  field  books.     One  of  the  instruments  of  the  company 
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has  a  factor  of  98.3  and  for  it  two  curves  are  required. 
The  curve  for  the  "V"  or  "Diff"  in  elevation»is  one-half 
way  between  the  "H"  for  98.3  and  the  curve  for  100. 
This  "V"  curve  can  be  interpolated  near  the  upper  end. 


ECONOMICAL  METHOD  OF  CROSS  SECTIONING 
DRAINAGE  DITCHES. 

rontribiited   by   B.    F.    Burns,    Oflice   Engrineer.    Little    River  Drainage 

District. 

The  matter  of  securing  a  satisfactory  and  economical 
method  of  handling  cross  sections  has  been  given  some 
thought  and  has  been  a  subject  of  some  experiment  by  the 
engineers  of  the  Little  River  Drainage  District  of  Cape 
Girardeau,  Mo.  Confronted  with  the  task  of  constructing 
624  miles  of  drainage  ditches,  ranging  from  4  ft.  to  123  ft. 
base  width,  and  with  construction  work  in  progress  simul- 
taneously on  24  contracts,  on  which  the  completed  work 
must  be  cross  sectioned  bi-monthly,  speed  and  economy 
in  handling  that  work  were  worthy  of  consideration. 

When  the  construction  work  begun,  the  notes  for  each 
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cross  section  were  platted  in  the  office  of  the  resident 
engineers  on  sheets  18  in.  by  24  in.  and  then  the  books 
and  sections  were  forwarded  to  the  chief  engineer's  office 
where  they  were  checked.  After  the  notes  and  sections 
were  checked,  blue  prints  were  made  for  the  information 
of  the  contractors.  Then  the  notes,  unfilled  cross  section 
sheets,  and  blue  prints  were  sent  to  the  engineer  in 
charge  of  the  residency  from  which  the  work  came. 

After  a  short  period  ^  loose  leaf  duplicating  field  book 
was  secured  to  replace  the  field  book  in  use  and  the  resi- 
dent engineer  was  enabled  to  retain  a  carbon  copy  of  his 
notes  in  the  office,  thus  doing  away  with  the  necessity 
of  exchanging  field  books  and  the  possibility  of  loss  in 
transit.  No  economy  in  time  nor  labor  was  effected  as  the 
notes  had  to  be  checked  as  before. 

juater  one  of  our  resident  engineers  conceived  the  idea 
of  platting  the  cross  sections  in  the  field  and  after  some 
experimenting  along  that  line  the  present  method  of  han- 
dling the  work  was  adopted.  That  method,  briefly  de- 
scribed, is  as  follows: 

Cross  section  sheets  8%  by  11  in.,  ruled  8  by  10  in.,  and 
blocked  into  pads  of  100  sheets,  every  third  sheet  plain, 
were  secured  from  a  company  supplying  drawing  ma- 
terials. A  pad  of  this  cross  section  paper  and  a  stock 
cover  known  as  the  LyFlat  sheet  holder  constitute  the 
equipment  on  all  of  the  residencies,  except  where  the 
bottom  widths  of  the  ditches  are  too  great  for  platting. 
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Cross  Section  Notes  on  4-Ft.  Base  Ditch. 

on  a  scale  of  10  ft.  to  the  inch,  on  the  sheets  of  the  size 
named  and  then  larger  sheets  are  used  and  special  covers 
supplied.  An  original  and  two  duplicates  are  platted 
simultaneously  by  interleaving  two  carbon  sheets  between 
the  cross  section  sheets.  The  original,  in  pencil,  is  for- 
warded to  the  chief  engineer's  office,  the  first  carbon  is 
retained  by  the  resident  engineer  and  the  second,  on  a 
plain  sheet,  is  handed  the  contractor  for  his  information 
and  guidance  should  any  corrections  be  necessary  in  the 
work  included  within  the  reach  cross  sectioned. 

Soundings  are  taken  across  the  ditches  normal  to  the 
center  line  and  about  4  ft.  apart  to  develop  the  excavated 
prism.  Sections  are  taken  at  100-ft.  intervals  throughout 
the  completed  reach;  the  plusses  being  varied  each  month 
so  as  to  get  typical  sections.  Depths  are  determined  from 
the  water  line,  which  is  tied  in  to  bench  marks  at  the  be- 
ginning and  at  the  end  of  each  reach  and  the  variation,  if 
any,  noted.  The  sounder  calls  the  depths  and  distances 
to  the  party  platting  and  the  points  are  platted  direct. 
After  the  sounding  at  any  section  is  completed  the  points 
are  connected  and  the  specified  prism  lines  platted  on 
the  section.  This  enables  the  engineer  to  determine  at 
once  whether  or  not  the  section  is  to  grade  and  see  how 
closely  the  specified  prism  lines  have  been  followed.  There 


is  no  delay  in  issuing  orders  to  the  contractor  for  cor- 
recting any  defects  that  may  be  found  in  the  work.  There 
is  no  checking  of  cross  section  notes  in  the  office  of  either 
the  resident  or  chief  engineer  and  no  bother  with  blue 
prints  for  the  information  of  the  contractor.  The  method 
has  proved  to  be  one  of  considerable  economy,  is  alto- 
gether as  accurate,  and  is  more  desirable  than  the  original 
method  used. 


PERIODICAL  RECORD  BOARD,  WASHINGTON 
WATER  DEPARTMENT. 

The  sketch  shows  a  handy  device  employed  in  the  Water 
Department,  Washington,  D.  C,  to  indicate  at  a  glance 
what  periodicals  are  "in"  or  "out"  of  file.  The  drawing 
leaves  little  to  be  explained  in  respect  to  the  construction. 
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Periodical     Record     Board, 


of  the  board.  The  cards  are  printed  on  stiff  cardboard 
and  on  both  front  and  reverse.  They  are  changed  to  give 
the  proper  indications  as  the  periodicals  are  taken  from  or 
returned  to  file. 


PERSONALS. 


William   F.    Coleman   has   been   appointed   countv   road    engineer  of 

Warren  County.   Kentucky,  with  headquarters  at  Bowling  Green,   Ky. 

R.  G.  Wyman  has  been  appointed  division  engineer  of  the  Atchison. 

Topeka  &  Santa  Fe  Ry.,  Eastern  lines,  with  headquarters  at  Amarillo 

Tex.,  succeeding  J.  W.  Walter. 

Louis  C.  Kelsey.  consulting  engineer,  has  opened  a  branch  office  in 
the  Twin  Falls  Trust  Bldg.,  Twin  Falls,  Idaho.  Main  offices  will  be 
retained  at  410  Selling  Bldr.,  Portland,  Ore. 

R.  B.  Burton,  senior  assistant  to  the  consulting  engineer  of  the 
Southern  Pacific  Co.,  with  headquarters  in  New  York  Citv  has  ten- 
dered his  resignation,  to  take  effect  Dec.  1,  and  has  accepted'a  position 
with  private  interests. 

The  Washtenaw  Engineering  Co.  has  opened  offices  at  40S  First 
National  Bank  Bldg..  Ann  Arbor,  Mich.,  for  the  general  practice  of 
engineering  and  surveying.  Manley  Osgood,  city  engineer  of  Ann 
Arbor  and  county  surveyor  of  Washtenaw  County,  is  president  of  the 
company. 

W.  C.  Pearce  has  been  appointed  division  engineer  of  the  Chesa- 
peake &  Ohio,  with  headquarters  at  Richmond.  Va.  The  following 
acting  division  engineers  also  have  been  appointed:  F.  D.  Beale.  with- 
headquarters  at  Clifton  Forge,  Va.:  J.  W.  Gleason,  with  headquarters 
at  Ashland,  Ky. ;  and  H.  A.  Bertram,  with  headquarters  at  Peru,  Ind. 


OBITUARY. 

General  Daniel  C.  Kingman,  retired,  formerly  chief  U.  S.  Corps 
of  Engineers,  died  Nov.  14  at  .\tlantic  City,  N.  J.,  aged  65  years. 

Frank  O.  Sinclair,  city  engineer  of  Burlington,  Vt.,  died  Nov.  15  at 
his  homo  in  that  city,  aged  56  years.  Mr.  Sinclair  was  graduated  from 
the  University  of  Vermont  in  1SS2  and  for  the  next  10  years  was  en- 
gaged in  railroad  location  and  ct'nstruction  in  the  West  and  South. 
In  1S92  he  opened  an  office  in  Burlington  for  private  practice.  He- 
was  superintendent  of  the  city  water  department  from  1905  to  1907. 
He  also  was  consulting  engineer  for  the  State  Public  Service  Commis- 
sion. 

Hiram  Maxim,  inventor  ot  the  Maxim  gun,  died  Nov.  24  at  his  home 
in  London.  England.  He  was  born  in  Sangerville,  Me.,  on  Feb.  5, 
1^40.  After  a  meager  schooling  he  went  to  work  in  a  machine  shop 
and  later  was  employed  in  the  niachine  works  of  his  uncle.  Levy  Ste- 
vi^ns.  at  Fitchburg,  Mass.  He  went  to  England  in  ISSl  and  was 
knighted  by  Queen  Victoria  in  IPOl.  In  1S94  Sir  Hiram  invented  a 
lieavier  than  air  flying  machine,  which  raised  Itself  from  the  .ground. 
<':irrying  a  driver  and  passenger.  In  addition  to  his  gun  and  aero- 
pl.me,  he  patented  many  electrical  inventions,  including  incandescent 
lamps,  "elf-regulating  current  machines,  and  several  pieces  of  ord- 
nance.    He  was  a  member  of  the  American  Society  of  Civil  Engineers 
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CALIFORNIA  AND  NEW  JERSEY  VOTE  BIG 
SUMS  FOR  ROADS. 

Bond  issues  of  $15,000,000  in  California  and  of  $7,000,- 
000  in  New  Jersey  were  approved  at  the  polls,  Nov.  7. 
The  California  appropriation  will  not  be  available  till 
next  July,  however,  and  the  New  Jersey  appropriation 
may  never  be  available. 

California  has  already  expended  nearly  $18,000,000  on 
1,400  miles  of  state  roads.  The  money  has  been  so  wisely 
spent  that  another  $15,000,000  is  forthcoming  for  a  con- 
tinuation of  the  excellent  work. 

New  Jersey,  the  pioneer  in  "state-aid"  roads,  has  about 
9,000  miles  of  improved  roads,  many  of  which  were  built 
before  the  days  of  automobile  traffic.  Hence,  a  large  part 
of  this  mileage  needs  an  entire  resurfacing  that  amounts 
almost  to  rebuilding.  The  Egan  bill,  providing  for  a 
$7,000,000  bond  issue,  received  a  large  majority  of  votes, 
but  the  attorney-general  says  that  the  bill  is  void  because 
it  specifies  the  building  of  555  miles  of  roads  and  pro- 
vides only  $13,000  a  mile,  which  is  less  than  the  estimated 
cost  of  the  work. 

The  Egan  bill  specifies  a  paved  width  of  at  least  18  ft. 
and  a  total  roadway  of  at  least  30  ft.,  and  that  the  pave- 
ment must  have  a  "hard  surface  and  durable  character." 

Although  the  State  Road  Commissioner,  Edwin  A. 
Stevens,  has  estimated  that  to  build  the  555  miles  in  ac- 
cordance with  the  provisions  of  the  Egan  bill  would  cost 
nearly  $30,000  a  mile,  it  seems  to  us  that  a  way  may  be 
found  to  overcome  the  legal  objection  that  the  attorney- 
general  now  presents.  There  is  nothing  in  the  bill  that 
specifies  the  thickness  of  the  pavement,  nor  is  there  any- 
thing that  restricts  the  use  of  any  suitable  base  for  the 
wearing  coat.  The  pavement  must  be  18  ft.  wide  and  of 
"hard  surface  and  durable  character."  Why,  then,  should 
not  the  existing  macadam  be  used  as  the  base,  and  upon 
this  laid  a  bituminous  macadam  or  asphalt  surface?  In 
another  editorial  article  we  discuss  the  question  at  some 
length. 


ALL  IS  NOT  NEW  THAT'S  "NEW." 

To  older  engineers  it  is  frequently  amusing  to  read 
about  this  or  that  "new"  method  of  construction  which 
he  remembers  seeing  or  reading  about  20  years  or  more 
ago.  Many  an  old  highway  engineer  must  have  smiled, 
for  example,  at  the  "new"  idea  of  building  roads  en- 
tirely of  concrete,  when  this  idea  began  to  be  exploited 
a  few  years  ago.  In  the  early  80's — and  perhaps  earlier 
— the  "all  concrete  road"  was  tried  in  England.  In  the 
9th  edition  of  Encyclopaedia  Britannica,  under  Roads, 
will  be  found  a  description  of  concrete  roads,  antedat- 
ing our  first  Afnerican  experiments  by  a  generation.  In- 
cidentally, it  is  there  recorded  that  those  English  con- 
crete roads  failed  to  give  satisfaction  under  heavy  traffic. 

Monolithic  brick  pavements  are  now  being  spoken  of 
as  a  very  new  invention,  yet  we  have  it  on  the  authority 
of  the  brick  pavement  expert,  Blair,  that  on  Washington 
St.,  Indianapolis,  the  brick  gutters  were  of  monolithic 
construction  19  years  ago.  Doubtless  some  Dutch  engi- 
neer could  cite  Holland  specifications  for  monolithic 
brick  pavements  a  century  old.  The  Romans,  it  should 
be  remembered,  made  stone  block  roads  in  which  the 
blocks  were  bedded  in  cement  mortar — made  "mono- 
lithic."    We  have  previously  mentioned  the  fact  that  in 


these  columns  ten  years  ago,  we  described  the  New  York 
City  practice  of  laying  asphalt  blocks  in  cement  mortar, 
thus  doing  away  with  the  supposedly  essential  "sand 
cushion." 

Nevertheless  i  a  re-invention  is  often  more  important 
than  the  original  one,  and  deserves  the  widest  of  pub- 
licity. But  some  care  should  be  taken  in  laying  claims 
to  novelty,  particularly  in  matters  relating  to  roadwork, 
for  men  have  been  building  roads  a  good  many  centuries 
and  often  in  a  manner  not  so  fundamentally  different 
from  our  present  practice. 


WHY  DO  PAVED  ROADS  OFTEN  CRACK 
LONGITUDINALLY? 

Concrete  and  brick  roads  so  often  crack  longitudinally, 
in  spite  of  every  precaution,  that  many  engineers  des- 
pair of  ever  being  able  entirely  to  prevent  it.  Occa- 
sionally a  single  crack  runs  down  the  center  of  the  road, 
but  more  often  a  pair  of  almost  parallel  cracks  occur, 
one  on  each  side  of  the  center,  dividing  the  road  into 
three  approximately  equal  parts.  What  is  the  cause  of 
this  cracking? 

One  eminent  highway  engineer  thinks  that  unequal 
settlement  of  the  subgrade  accounts  for  it.  Another  re- 
gards the  unequal  saturation  of  the  subsoil  and  conse- 
quent unequal  heaving  by  frost  as  the  cause.  But  when 
longitudinal  cracking  occurs  in  cuts  as  well  as  on  fills, 
and  in  southern  California  as  well  as  in  northern  New 
York,  each  of  these  alleged  causes  of  cracking  must 
either  be  regarded  as  no  cause  or  as  one  of  several 
causes. 

It  will  be  noted  that  the  causes  commonly  assigned 
for  longitudinal  cracking  are  some  form  of  unequal  ver- 
tical motion  of  the  subgrade.  Is  it  not  more  likely  that 
a  horizontal  movement  of  the  subgrade  causes  the  phe- 
nomenon? Soil  expands  when  wet  and  contracts  when 
dry.  Cut  a  ditch  on  each  side  of  a  road,  increase  the 
moisture  content  of  the  earth  "slab"  between  the  ditches, 
and  there  will  occur  a  lateral  movement  of  the  earth 
"slab"  in  opposite  directions  from  the  center  of  the  road. 
Put  a  concrete  slab  on  the  earth  "slab"  prior  to  increas- 
ing the  wetness  of  the  earth,  and  what  will  happen?  The 
adhesion  of  the  concrete  to  the  earth  will  result  either 
in  a  tensile  stress  in  the  concrete  slab  or  a  longitudinal 
crack  in  the  slab;  for  the  concrete  slab  will  be  pulled 
in   opposite  directions  by  the  laterally  expanding  earth. 

This  is  a  phenomenon  that  can  be  demonstrated  by  a 
small  scale  laboratory  test.  Would  it  not  form  a  good 
theme  for  a  graduating  thesis? 


A   THOUSAND   MILES   OF   BRICK   ROADS    AND 
STREETS  IN  ONE  COUNTY. 

Cuyahoga  County,  Ohio„the  home  of  Cleveland,  is  also 
the  home  of  the  brick  pavement.  And  it  is  a  home 
ubiquitous,  for  wherever  one  rides  in  Cuyahoga  one 
rides,  for  the  most  part,  over  brick  highways.  Also,  for 
the  most  part,  thej'  are  very  good  highways.  The  county 
roads  alone  total  over  300  miles  of  brick,  and  the  cities 
and  towns  total  some  700  miles  additional. 

The  editor  was  impressed  particularly  by  the  num- 
ber of  brick  pavements  laid  on  a  sandy  subsoil  without 
a  base  of  any  kind.     Many  that  he  saw  had  been  down 
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on  residence  streets  for  ten  years  and  looked  as  good  as 
new. 

Some  of  the  more  recent  brick  pavements  laid  with- 
out a  base  are  bedded  in  an  inch  of  cement  mortar,  and 
the  joints  grouted  with  Portland  cement  mortar. 

Sections  of  these  brick  pavements,  where  pipe  trenches 
were  being  dug  through  them,  showed  that  a  well 
grouted  brick  pavement  is  a  monolith.  When  the  brick 
pavement  was  undermined  and  chunks  of  it  sledged  off, 
it  broke  across  the  center  of  the  bricks  irre.spective  of 
the  location  of  the  joints.  This  monolithic  character  is 
somewhat  surprising  to  anyone  who  has  regarded  the 
adhesion  of  mortar  to  brick  as  being  relatively  slight. 
But  to  secure  tenacious  adhesion  of  brick  and  mortar, 
there  must  be  no  dirt  on  the  brick  when  laid.  Where 
brick  pavements  have  failed  to  preserve  a  smooth  sur- 
face under  traffic,  the  cause  has  usually  been  poor  ce- 
ment joints,  and  poor  joints  invariably  occur  where  the 
bricks  are  not  clean  when  laid.  So  a  very  slight  but 
important  precaution  must  be  taken :  Wash  the  bricks 
well  just  before  laying  them. 

Although  Illinois  leads  the  procession  in  the  number 
of  all  kinds  of  brick  produced  annually,  Ohio  leads  the 
paving  Jarick  industry.  No  mean  evidence  of  this  fact  is 
had  in  the  brick  roads  and  streets  of  Cuyahoga  County, 
whose  mileage  is  sufficient  to  reach  from  Chicago  to  New 
York. 


WHAT  IS  BEST  IN  ENGINEERING  EDUCATION? 

An  answer  to  this  question  is  attempted  in  a  hundred 
page  pamphlet  edited  by  Prof.  H.  H.  Higbie,  President, 
Tau  Beta  Pi  Association.  Nineteen  major  and  many 
minor  questions  were  submitted  to  members  of  this  hon- 
orary engineering  fraternity,  and  the  answers  are  sum- 
marized by  Prof.  Higbie  in  a  very  interesting  manner. 
Perhaps  the  predominently  salient  conclusions  are,  first, 
that  extreme  specialization  should  be  avoided,  and,  sec- 
ond, that  the  prime  object  of  a  college  training  should 
be  the  formation  of  good  habits  of  thought  that  will  en- 
dure through  life. 

A  deal  of  stress  is  laid  upon  the  desirability  of  pro- 
viding a  thorough  training  in  written  and  vocal  English, 
but  all  other  languages  are  regarded  as  superfluous  by 
most  of  the  correspondents.  In  fact  Prof.  Higbie  says : 
"The  belief  seems  practically  unanimous  that  foreign 
languages  should  be  the  first  to  go  by  the  board." 

The  lecture  system  of  teaching  comes  in  for  some  se- 
vere criticism,  and  it  is  worthy  of  note  that  the  major- 
ity regard  recitations  and  laboratory  work  as  being  more 
effective  training  than  listening  to  lectures. 

If  the  main  object  of  an  engineering  education  is  to 
train  men  in  the  application  of  science  to  economic  prob- 
lems, and  if  the  formation  of  mental  habits  of  the  most 
effective  sort  is  the  basic  part  of  such  a  training,  then  it 
is  self-evident,  we  think,  that  the  best  part  of  an  engi- 
neering training  is  not  to  be  had  in  the  lecture  room. 

We  raise  this  question:  Should  not  the  methods  of 
the  college  approximate  more  closely  the  methods  of  suc- 
cessful engineers  in  the  conduct  of  their  own  business 
and  their  own  self-education?  Under  the  guiding  eye  of 
the  teacher  should  not  the  student  be  required  to  do  sys- 
tematically, persistently  and  enthusiastically,  daily  tasks 
of  increasing  difficulty?  Should  he  not  thus  be  trained 
by  mental  coaches  as  an  athlete  is  trained  by  physical 
coaches,  rather  than  be  talked  at  by  the  hour? 

Trained  to  be  a  hard  mental  worker,  grounded  in  the 
methods  of  systematic  search  and  research,  shown  the 
sources  of  scientific  information,  made  to  understand  the 
worthwhileness  of  an  ability  to  impress  other  men 
favorably,  the  rest  of  the  engineering  education  could 
probably  be  left  to  the  average  students'  own  ambition 
and  resourcefulness  to  acquire  for  himself.  American 
colleges  can  learn  much  from  the  methods  of  training 
prevalent  in  German  technical  schools  and  universities. 
Many  of  our  engineering  colleges  still  resemble  too 
closely  overgrown  high  schools,  where  the  aim  of  student 
life  is  to  pass  the  final  "exams." 


In  actual  life  men  do  not  attend  long  lectures  daily  or 
cram  their  craniums  with  scientific  mincemeat  carefully 
preserved  till  the  can-opener  is  applied. 

Let  us,  for  a  time  at  least,  have  less  to  say  about  the 
subjects  taught,  and  more  about  the  methods  of  teach- 
ing, and  still  more  about  the  teachers.  What  young  in-  . 
ventor  would  not  "give  an  arm"  to  work  in  Edison's  lab- 
oratory under  the  spell  of  that  genius?  The  inspiration 
of  his  presence  and  the  acquiring  of  the  Edi- 
son strategy  of  inventive  attack,  v;ould  richly 
educate  any  young  inventor.  Indeed  it  has  al- 
ready educated  scores  of  them.  We  need  more  of  that 
sort  of  training  in  our  engineering  colleges.  Instead 
we  have  quizzers  by  the  thousands,  lecturers  by  the  hun- 
dreds, and  mental  coaches  by  the  dozen.  Let  there  be 
more  coaches  of  inspiring  character  and  there  will  be 
better  engineering  education. 


MACADA3I  AS  A  PAVEMENT  BASE  INSTEAD  OF 

CONCRETE,  WITH  SPECIAL  REFERENCE  TO 

THE    ROADS    OF    NEW^   JERSEY. 

Within  the  last  few  years  engineers  have  become  so 
saturated  with  data  relative  to  the  economic  uses  of 
concrete  that  many  of  them  are  in  fair  way  to  forget 
that  other  materials  are  available  and  often  at  less  cost 
for  equal  service. 

Not  long  ago  we  called  attention  to  the  desirability  of 
using  dry  rubble  masonry  for  small  retaining  walls  in 
preference  to  concrete  under  certain  conditions.  At  an- 
other time  we  pointed  out  that  the  "curtain  walls"  of  mill 
buildings  are  often  made  of  brick  in  preference  to  con- 
crete. It  has  been  several  years  since  we  warned  engi- 
neers against  the  hasty  abandonment  of  water-bound  ma- 
cadam, simply  because  automobiles  were  cutting  up  its 
surface.  The  time  seems  ripe  to  renew  this  warning,  par- 
ticularly since  to  ignore  it  may  result  in  seriously  re- 
tarding road  improvement  in  New  Jersey,  as  well  as  else- 
where. 

In  another  column  we  have  mentioned  the  legal  pre- 
dicament that  confronts  New  Jersey,  because  the  ap- 
proved $7,000,000  bond  issue  seemingly  is  not  half  enough 
to  improve  the  555  miles  of  roads  specified  in  the  Egan 
bill.  If  we  mistake  not,  nearly  all  of  these  555  miles  of 
roads  are  old  macadam,  badly  rutted  and  pitted  as  a  re- 
sult of  years  of  travel  and  inadequate  maintenance.  Yet 
at  an  almost  nominal  cost,  old  macadam  roads  can  be 
scarified,  leveled  and  rolled  into  perfect  shape  again. 
The  result  will  not  be  the  "hard  surface  and  durable 
character"  specified  in  the  Egan  bill,  but  it  will  be  the 
first  and  most  economic  step  toward  that  desideration,  for 
an  old  macadam  road  thus  repaired  makes  an  admirable 
base  for  any  kind  of  wearing  surface. 

The  city  of  Buffalo,  for  example,  did  this  very  thing 
extensively  at  one  time,  and  carpeted  miles  of  resurfaced 
macadam  with  asphalt  pavements  that  were  among  the 
best  in  the  city.  There  is  nothing  new  in  the  scheme. 
Perhaps  that  is  one  reason  why  so  many  engineers  seem 
to  know  little  or  nothing  about  it.  Haven't  some  of  us, 
as  a  matter  of  fact,  gone  a  bit  wild  in  our  search  for 
novel  solutions  of  road  building  problems?  May  we  not 
do  well  to  pause  in  our  rush  for  novelty  long  enough  to 
inquire  whether  the  older  engineers  are  so  far  behind  the 
times  as  the  younger  men  like  to  believe? 

Putting  the  question  baldly:  Wherein  is  concrete  su- 
perior to  waterbouad  macadam  as  a  base  for  a  pave- 
ment? The  answer,  to  be  a  real  answer,  must  be  in  dol- 
lars per  square  yard  per  annum,  and  not  in  hot  air  ad 
libitum. 

Macadam,  as  every  experienced  road  builder  knows, 
passed  into  disrepute  with  the  advent  of  the  pneumatic- 
tired  automobile.  The  cementing  power  of  the  stone  dust 
binder  is  not  sufficient  to  resist  the  suction  of  the  fast 
moving  automobile.  But — mark  well  the  distinction — 
although  macadam  failed  at  the  surface  under  automobile 
traffic,  it  did  not  fail  at  the  bottom.  In  other  words,  ma- 
cadam was  abraded  to  pieces  from  the  top  down;  it  was 
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not  broken  or  displaced  in  mass.  It  was  strong  enough 
to  distribute  wheel  loads  over  a  soft  subgrade,  although  it 
was  not  strong  enough  to  withstand  the  surface  action  of 
motor  wheels. 

This  history  of  the  failure  of  macadam  is  important. 
Coincidentally  therewith  came  a  steadily  falling  price  of 
Portland  cement,  which  turned  the  attention  of  engineers 
toward  the  use  of  concrete  not  only  for  road  bases  but 
for  road  surfaces.  In  the  middle  states,  and  wherever 
gravel  was  much  cheaper  than  broken  stone,  concrete  (if 
lean)  became  cheaper  than  macadam  at  times,  and  then 
there  could  be  no  question  as  to  its  economic  superiority 
over  macadam  as  a  pavement  base — provided  an  entirely 
new  pavement  was  to  be  built.  But  where  only  the/ 
wearing  surface  was  to  be  new,  macadam  then  enjoyed, 
and  should  still  enjoy,  the  preference  if  already  the  road- 
bed was  covered  with  an  old  macadam  that  required  only 
resurfacing  to  make  it  suitable. 

There  is,  in  our  judgment,  so  little  difference  between 
the  merits  of  concrete  and  macadam  for  a  pavement  base 
that  the  choice  should  ordinarily  be  determined  entirely 
by  ascertaining  which  of  the  two  shows  the  lower  first 
cost  per  square  yard  of  thickness  sufficient  to  distribute 
the  wheel  loads.  Fortunately  no  question  of  durability 
enters  this  part  of  the  problem,  for  macadam  as  a  pave- 
ment base  is  as  durable  as  concrete.  Vide  some  of  the 
very  old  roads  in  London. 

In  city  streets  it  is  often  necessary  to  dig  out  an  old 
macadam  when  a  new  pavement  is  to  be  laid  in  order  to 
secure  the  same  grade  for  the  new  surface  as  ^or  the  old. 
But  in  country  roads  no  such  condition  makes  it  neces- 
sary to  remove  an  old  macadam  pavement. 

New  Jersey  and  other  eastern  states  have  thousands 
of  miles  of  macadam  no  longer  suitable  for  road  sur- 
faces, but  admirably  fit  to  serve  as  the  base  for  a  durable 
pavement  surface.  Such  a  surface  of  bituminous  ma- 
cadam or  asphalt  can  usually  be  laid  for  less  than  $1 
per  sq.  yd. — often  considerably  less. 


EDITORIAL  COMMENT. 


"This  is  a  miserable  piece  of  road.  We  suggest  im- 
mediate action  toward  remedying  it."  This  is  the  jolt 
that  automobilists  of  Danville,  Pa.,  give  to  the  road  su- 
pervisors in  retaliation  for  the  jolts  the  roads  give  them. 
Each  motorist  drops  a  few  circulars  imprinted  as  above 
by  the  wayside  wherever  he  bumps  the  bumps.  "Girard" 
suggests  that  if  this  practice  spreads  to  Philadelphia  a 
snowstorm  of  protesting  circulars  would  bury  most  of 
the  streets.  And  almost  every  other  city  cries  out:  "Me, 
too." 


Bad  streets  are  largely  the  result  of  bad  laws.  When 
we  realize  that  it  is  neither  economic  nor  right  to  assess 
the  entire  cost  of  pavement  against  abutting  property 
owners,  we  shall  amend  our  city  laws  so  as  to  distribute 
the  cost  of  every  pavement  over  the  city  at  large,  at 
least  in  part.     Then  we  shall  have  more  good  pavements. 


A  marble  effigy  of  the  late  "Tom"  Johnson,  several 
times  Mayor  of  Cleveland,  reminds  the  wayfarer  that  he 
is  indebted  to  "Tom  J."  for  the  freedom  to  ride  many 
miles  in  a  Cleveland  "trolley"  for  3  ct.  It  also  reminds 
quite  a  few  stockholders  of  the  traction  company  that 
American  public  leaders  can,  upon  occasion,  be  as  un- 
fair as  the  most  bedamned  trust  that  ever  "squoze"  a 
competitor  to  economic  death. 


Out  in  Los  Angeles  there  are  three  muskateers — "One 
for  all  and  all  for  one" — who  have  deftly  dragged  the 
city  to  the  verge  of  a  competitive  war  with  the  electric 
lighting  companies.  These  three  muskateers — one  a 
ward  politician,  one  a  lawyer  and  one  an  electrical  engi- 
neer— have  been  looking  for  three  lifelong  jobs  and  they 
think  they  have  hit  the  trail  that  leads  them  to  it.  So 
they  have  been  urging,  most  disinterestedly  urging,  the 
L.  A.  taxpayers  to  build  or  buy  them  a  nice  little  elec- 
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trie  plant  to  play  with.  Failing  to  induce  the  California 
Railroad  Commission  to  fix  as  low  a  price  as  they  had 
promised  the  city  to  buy  the  plant  for,  these  three  mus- 
kateers— "One  for  all  and  all  for  one" — now  are  telling 
the  citizens  that  a  new  plant  can  be  built  for  about  half 
the  sum  named  by  the  Railroad  Commission  as  the  fair 
value  of  the  existing  plant.  Doesn't  it  ever  occur  to  tax- 
payers that  they  would  occasionally  do  well  to  question 
the  advice  of  such  muskateers? 


Now  comes  a  self-appointed  committee  of  Montreal  en- 
gineers and  discloses  to  the  public  the  fact  that  if  the 
city  completes  its  municipal  hydroelectric  power  plant,  it 
will  have  invested  .'51,500  per  horsepower  of  plant  ca- 
pacity! Might  not  the  engineers  of  Los  Angeles  follow 
the  example  of  the  engineers  of  Montreal  and  donate 
some  of  their  time  in  the  public  interest?  Los  Angeles, 
with  all  its  municipal  ownership  fads,  sorely  needs  the 
advice  of  a  body  of  disinterested  experts.  It  will  hire 
no  such  body.  Let  the  public-spirited  engineers  of  Los 
Angeles  act  on  their  own  initiative. 


So  rapidly  does  the  number  of  "city  managers"  in- 
crease that  we  have  difficulty  in  keeping  track  of  the 
total.  At  the  recent  jneeting  of  the  City  Managers'  As- 
sociation it  was  stated  that  there  are  now  90  cities  that 
have  adopted  the  city-manager  plan.  There  are  36  mem- 
bers of  the  association,  whose  new  president  is  Ossian 
E.  Carr,  Niagara  Falls.  In  our  last  week's  issue  we  pub- 
lished four  very  interesting  articles  by  four  city  man- 
agers. Civil  engineers  should  take  the  liveliest  interest 
in  the  progress  of  the  city  management  plan  of  govern- 
ment, for  it  bids  fair  to  open  up  a  great  new  field  of 
activity  for  the  executive  engineer. 


According  to  a  state  law  in  Pennsylvania  only  the  cost 
of  the  "original  pavement"  can  be  assessed  against  abut- 
ting property  owners  in  third-class  cities.  According 
to  a  decision  of  the  Superior  Court  of  Pennsylvania,  mac- 
adam is  a  "pavement."  If  we  remember  aright,  other 
courts  have  held  differently,  but  it  is  a  sane  ruling  to  class 
macadam  as  a  pavement.  Moreover,  it  is  high  time  that 
the  city  as  a  whole  stand  the  cost  not  only  of  renewals 
of  pavements,  but  of  the  original  pavements,  at  least  in 
part. 


"From  the  above  table  we  see  that  only  56  per  cent 
of  the  engineers  believe  one  year  of  calculus  to  be  es- 
sential. We  may  say  then,  that  the  engineering  schools 
have  failed  to  persuade  about  half  the  [75]  engineers 
reached  by  these  letters  that  even  one  year  of  calculus  is 
essential  to  their  success."  This  quotation  is  from  a 
paper  by  Profs.  Gaylord  and  Hanus  in  the  October  Bul- 
letin of  the  Society  for  the  Promotion  of  Engineering 
Education.  The  authors  secured  letters  from  75  engi- 
neers on  the  relation  of  mathematical  training  to  the 
engineering  profession.  The  majority  of  these  engineers 
believe  that  mathematics  should  be  taught  for  its  use- 
fulness as  a  tool,  rather  than  as  a  mental  training.  This 
apparently  accords  with  the  conclusions  of  many  psychol- 
ogists who  believe  that  the  mental  ability  of  one  faculty 
can  not  be  automatically  transferred  to  another  faculty, 
hence  that  the  study  of  mathematics  can  give  facility 
of  reasoning  power  only  in  mathematics. 


Plans  have  been  perfected  for  a  national  conference  to 
discuss  the  subject  of  highway  engineering  instruction 
in  the  civil  engineering  curricula  of  universities  and  col- 
leges. The  me^eting  is  to  be  held  Dec.  29,  at  8:30  p.  m., 
in  the  assembly  hall  of  the  Automobile  Club  of  America 
in  New  York.  It  is  under  the  joint  auspices  of  the  So- 
ciety for  the  Promotion  of  Engineering  Education,  the 
American  Association  for  the  Advancement  of  Science, 
the  National  Automobile  Chamber  of  Commerce,  the  Au- 
tomobile Club  of  America  and  the  National  Highway  As- 
sociation. 
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COMPARATIVE  COSTS  OF  PAVEMENTS. 

To  the  Editor:  I  regret  that  I  have  not  been  able  to 
find  time  until  recently  to  answer  your  editorial  in  the 
Aug.  2nd  issue  of  "Engineering  and  Contracting";  also 
the  criticism  of  Mr.  Philip  P.  Sharpies  in  the  same  issue, 
and  that  of  Mr.  Durham  in  the  Sept.  6th  issue,  regarding 
paper  read  by  me  before  the  Second  National  Conference 
on  Concrete  Road  Building,  February  1916,  entitled: 
"The  Possibilities  of  Concrete  Roads  in  Suburban  and 
Rural  Districts  Near  Large  Cities."  I  am  vei-y  glad  that 
my  paper  has  finally  brought  out  some  discussion,  so  that 
disputed  points  could  be  answered  and  the  subject 
clarified. 

Both  Mr.  Sharpies  and  Mr.  Durham  apparently  have 
not  read  my  paper  carefully.  I  have  not  striven  to  com- 
pare "incomparables"  but  to  reduce  all  the  types  of  pave- 
ments under  discussion  to  the  same  common  denominator, 
namely,  the  gross  cost  per  year  to  the  taxpayer,  assum- 
ing the  same  trafllic  conditions,  for  this  is  the  only  way 
that  the  cost  of  the  various  pavements  can  be  compared. 
Now  as  to  these  assumptions  (as  stated  in  my  paper)  : 
First,  It  is  assumed  that  the  pavements  are  laid  in 
suburban  and  rural  districts  near  large  cities.  In  other 
words,  exposed,  to  such  conditions  of  wear  and  tear  that 
while  there  would  be  considerable  traffic,  the  surfaces  of 
the  pavement  would  not  be  injured  by  cuts  to  repair  sub- 
surface structures  as  happens  in   cities. 

Second,  That  the  community  has  a  maintenance  organ- 
ization highly  skilled,  thoroughly  efficient  and  prompt, 
and  has  the  proper  plant  and  equipment  to  do  the  neces- 
sary work. 

Third,  That  the  units  of  cost  are  assumed  for  the  dis- 
trict immediately  about  New  York  City. 

Fourth,  That  the  type  of  pavement  selected  has  been 
deliberately  made,  and  that  it  is  intended  to  perpetuate 
it  for  a  certain  number  of  years.  In  other  words,  if 
water-bound  or  bituminous  macadam  had  been  selected, 
careful  consideration  having  been  given  to  other  types 
of  pavements,  it  would  be  renewed  with  like  surface  after 
it  has  been  worn  out,  and  not  used  as  a  foundation  for 
another  pavement. 

Mr.  Sharpies  states  that  water-bound  macadam  can  be 
used  as  a  base  for  other  surfaces,  mentioning  wood 
block,  etc.,  just  as  well  as  concrete,  and  does  not  under- 
stand why  I  do  not  allow  for  this  in  my  comparison  of 
cost. 

In  my  judgment  the  average  water-bound  macadam 
pavement  is  not  good  enough  for  a  base.  The  example 
he  cites  of  Dartmouth  St.,  Boston,  and  Massachusetts 
Ave.,  Cambridge,  Mass.,  may  be  followed  where  good 
water-bound  macadam  with  proper  foundation  has  been 
laid  but  not  at  the  figure  given  in  my  paper,  namely: 
64.8  ct.  per  square  yard.  The  macadam  pavement  above 
mentioned  would  probably  cost  twice  this  figure.  It  is 
safe  to  assume  that  the  average  water-bound  macadam 
roadway  ordinarily  built  in  recent  years  is  not,  as  an 
average,  over  6  in.  thick,  and  after  it  is  worn  down  a 
couple  of  inches,  is  not,  in  my  judgment,  suitable  for  the 
base  for  any  kind  of  a  permanent  pavement.  We  are 
commencing  to  more  and  more  realize  that  the  actual 
pavement  is  really  the  base,  and  that  the  top  or  wearing 
surface  is  secondary,  being  only  temporary  at  best  and 
serves  to  protect  the  base  from  wear  and  tear.  I  repeat, 
therefore,  that  I  do  not  agree  with  Mr.  Sharpies  that  the 
average  old  worn-out  macadam  is  as  good  as  an  old  con- 
crete road  as  a  base. 

Now  as  regards  the  useful  life  of  the  concrete  pave- 
ment. Mr.  Sharpies  thinks  that  this  should  not  be  as 
much  as  20  years.  This,  of  course,  is  a  debatable  ques- 
tion, and  one  in  which  the  judgment  of  individuals  may 
widely  differ.  I  have  made  careful  examination  of  the 
Wayne  County,  Michigan  roads,  having  inspected  these 
twice;  also  those  that  have  been  well  built  in  New  York 
State  in  the  vicinity  of  this  city.  I  have  not,  of  course, 
taken  into  consideration  the  poor  concrete  roads  at  all, 
some  of  which  have  been  laid  in  the  past  and  will  no 
doubt  be  laid  in  the  future.     Such  a  one  may  have  been 


that    on    Massachusetts    Ave.,     Cambridge,    which    Mr. 
Sharpies  indicates. 

Mr.  Durham  suggests  that  20  years'  useful  life  of  a 
concrete  pavement  is  a  "wild  guess."  I  would  recom- 
mend that  Mr.  Durham  inspect  personally  the  highways 
in  Wayne  County,  Michigan,  also  those  recently  built  in 
New  York  State,  and  then  "read,  mark,  learn  and  in- 
wardly digest"  the  evidence,  and  there  will  probably  be 
no  more  necessity  for  argument. 

It  seems  to  be  admitted  by  every  open-minded  engineer 
that  the  concrete  road  has  made  good  and  is  no  longer  an 
experiment.  It  has  gone  through  the  same  evolution  as 
the  reinforced  concrete  building  and  bridge.  At  first 
there  were  quite  a  number  of  failures  in  such  structures 
resulting  in  loss  of  life  and  property,  but  in  the  course  of 
a  very  few  years  by  the  combined  efforts  of  the  designer 
and  constructor,  the  use  of  reinforced  concrete  both  in 
bridges  and  buildings  has  given  the  most  satisfactory 
results  and  produces  the  best  form  of  construction  in 
many  cases  that  can  be  built  for  the  money.  When  the 
same  degree  of  skill  shall  be  used  in  the  construction  of 
concrete  highways  as  is  now  being  used  in  the  construc- 
tion of  concrete  buildings  and  bridges  there  will  be  prac- 
tically no  more  failures  of  concrete  highways. 

I  am  assuming  that  (as  is  the  case)  this  time  has 
arrived  and  that  all  types  of  pavement  under  considera- 
tion in  my  discussion  are  being  constructed  by  thor- 
oughly capable  engineers  and  contractors  in  accordance 
with  the  highest  state  of  the  art.  Unless  this  assump- 
tion is  made,  of  course  there  is  no  basis  for  comparison. 
Now  as  to  the  probable  life  of  the  various  types  of 
pavement  under  discussion,  and  the  cost  of  maintenance. 
My  assumptions  are  based  upon  the  experience  of  the 
years  between  1910  to  date.  There  is  no  use  in  going 
back  of  1910  because  extensive  automobile  traffic  had  not 
then  begun.  Valuable  data  can  be  derived  from  the 
records  of  cities.  There  are  many  streets  in  New  York 
City  and  other  cities  where  the  conditions  approximate 
those  of  the  main  country  highways;  that  is,  there  have 
been  few  cuts  in  the  pavement  for  subsurface  structures, 
and  the  character  of  the  traffic  on  such  streets  is  quite 
similar, — a  mixture  of  automobile  pleasure  and  business 
vehicles;  also  horse-drawn  vehicles.  The  records  of  the 
Bureau  of  Highways  of  New  York  go  back  many  years, 
and  from  these  records  I  have  selected  certain  streets 
approximating  the  conditions  of  country  highways  taking 
the  averages  for  sheet  asphalt,  asphalt  block,  wood  and 
granite.  As  regards  water-bound  and  bituminous  mac- 
adam, and  brick,  I  have  taken  the  figures  from  the  rec- 
ords of  the  State  of  New  York,  for  the  last  five  years. 
For  concrete  pavements,  I  have  averaged  the  figures  of 
Wayne  County,  Michigan,  Milwaukee  County,  Wisconsin, 
and  the  New  York  State  Highways. 

In  Wayne  County,  Michigan,  the  cost  of  maintenance 
of  130  miles  of  concrete  highways  averaged  about  $30  a 
mile  a  year.  In  Milwaukee  County,  Wisconsin,  the  cost 
of  maintenance  of  130  miles  of  conci-ete  averages  about 
$25  a  mile  a  year.  In  New  York  State  about  100  miles 
of  first  class  concrete  highways  cost  the  State  about 
$125  a  mile  a  year  for  maintenance. 

One  hundred  and  thirty  miles  of  New  York  State  high- 
ways comprising  water-bound  and  bituminous  macadam 
roads  near  cities  has  cost  the  State  of  New  York  during 
the  last  five  years  an  average  of  over  $1,400  a  mile  a 
year.     These  figures  are  matters  of  public  record. 

You  question  the  idea  of  using  averages  both  for  the 
life  of  the  pavement  and  for  the  maintenance  costs.  I 
believe  that  the  use  of  average  figures  within  reasonable 
limits  is  the  only  way  to  decide  whether  or  not  a  certain 
type  of  road  should  be  considered.  The  e.xceptional  cases 
must  always  be  considered  on  their  merits. 

The  records  of  the  States  of  New  York,  Massachusetts 
and  Connecticut  show  that  the  average  cost  to  the  tax- 
payer for  maintaining  water-bound  and  bituminous  mac- 
adam for  the  entire  mileage  in  these  states,  amounting 
to  about  3,700  miles,  is  over  $1,000  a  mile  a  year  for 
16-ft.  highway.  It  would  seem  that  it  would  be  unneces- 
sary to  further  dwell  upon  such  comparisons  as  are  given 
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in  order  to  emphasize  the  fact  that  water-bound  and 
bituminous  macadam  are  not  fit  to  be  used  for  important 
state  highways,  but  still  the  taxpayers'  money  is  being 
continuously  wasted  in  doing  just  this  very  thing. 

My  assumption  of  2  ct.  per  square  yard  (which  you 
question)  as  to  the  average  cost  of  repairs  to  various 
types  of  pavements  such  as  concrete,  sheet  asphalt,  wood 
block,  I  believe  to  be  very  close  to  the  mark.  These  pave- 
ments have  different  costs  per  square  yard,  concrete 
being  much  the  cheapest  and  asphalt  next.  The  percent- 
age of  repairs  is  not  the  same  for  the  different  types  of 
pavements. 

Mr.  Durham  questions  some  of  my  figures  for  the  life 
of  a  pavement,  saying  that  the  records  of  the  Borough 
of  Manhattan,  City  of  New  York,  show  their  average  life 
to  be  a  little  over  14  years. 

I  am  not  for  one  moment  assuming  that  the  country 
highway  has  as  severe  traffic  or  is  subject  to  such  dam- 
aging conditions  as  the  average  asphalt  pavement  in  the 
Borough  of  Manhattan,  for  not  only  is  the  traffic  on  the 
later  much  heavier,  but  the  numerous  cuts  to  repair  sub- 
surface structures  very  much  shorten  the  life  of  city 
pavements.  In  no  city  in  America  are  the  conditions 
so  severe  on  a  pavement  as  in  the  Borough  of  Manhattan. 
We  have,  however,  many  asphalt  sti-eets  in  Manhattan 
and  Brooklyn  that  have  been  in  existence  25  years,  and 
are  still  serviceable. 

Mr.  Durham  also  questions  my  figures  for  the  con- 
struction cost  of  the  various  types  of  pavements.  The 
costs  given  in  my  paper  were  the  average  for  the  year 
1915  in  the  Boroughs  of  Manhattan,  Brooklyn  and  the 
Bronx  of  the  City  of  New  York,  and  in  the  State  of  New 
York  for  State  Highways.  These  prices  are  very  low 
and  should,  of  course,  not  be  used  now  as  there  has 
been  an  advance  of  from  25  to  40  per  cent  during  1916. 
As  the  advance,  however,  has  been  nearly  in  the  same 
proportion  for  all  types  of  pavements  the  comparisons 
I  have  given  between  the  costs  of  the  various  types  of 
pavements  will  still  hold  good. 

Mr.  Durham's  query  as  to  what  water-bound  and  bitu- 
minous macadam  means  is  rather  surprising;  I  am  using 
the  term  in  its  usual  sense,  i.  e.,  a  macadam  road  treated 
by  the  penetration  method  with  bitumen. 

As  regards  ftie  use  in  my  comparisons  of  such  ordinar- 
ily expensive  pavements  as  wood  and  granite,  I  cite  the 
case  of  Worcester,  Mass.,  where  residential  streets  are 
being  laid  with  granite  having  cement  grouted  joints. 
The  gross  annual  cost  to  the  taxpayer  for  this  kind  of 
street  in  Worcester  is  less  than  either  water-bound  and 
bituminous  macadam  would  be  under  similar  traffic 
conditions. 

Very  truly  yours, 

Eugene  W.  Stern, 
Chief   Engineer   in    Charge    of   Highways,   Borough   of 
Manhattan,  City  of  New  York. 
Nov.  8th,  1916. 


THE  FEDERAL  AID  ROAD  LAW. 

To  the  Editor:  I  have  read  with  much  interest  your 
open  letter  to  the  Chicago  Tribune  on  the  Federal  Aid 
Road  Law  published  in  your  issue  of  November  1st. 

Alabama  is  most  fortunate  in  being  the  home  of  Sen- 
ator John  H.  Bankhead,  the  author  of  this  bill,  and  the 
man  who  by  10  years  of  unremitting  efforts  in  season 
and  out  of  season  has  finally  brought  about  its  enact- 
ment. By  reason  of  this  fact,  the  Senator  himsel''  has 
so  often  clearly,  comprehensively  and  personally  ex- 
plained the  Federal  Aid  Road  law  to  us  in  all  its  bearings 
publicly,  that  it  is  not  only  perfectly  understood  but  both 
press  and  public  are  heartily  in  accord  with  it. 

It  is  inconceivable  that  any  attack  could  be  made  upon 
the  bill  by  any  one  who  had  taken  the  trouble  to  study  it. 
National  sentiment  on  the  subject  has  crystallized  so 
rapidly  in  view  of  conditions  during  the  last  two  years, 
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that  I  hardly  think  adverse  comment  can  now  make  much 
headway  or  do  appreciable  harm. 

At  all  events  1  am  glad  to  say  no  appeal  to  the  press 
on  this  subject  is  needed  in  this  section  of  the  South 
where  developments  are  taking  place  on  a  scale  hereto- 
fore never  anticipated  or  believed  possible,  many  if  not 
all  of  which  developments  are  largely  influenced  by  the 
great  benefits  to  be  derived  from  competent  road  build- 
ing, for  which  this  county  and  state  are  properly  appre- 
ciative of  Federal  aid. 

Under  the  proper  undersianding  of  the  bill  which  we 
have,  it  is  not  the  small  financial  aid  extended  which  we 
here  value,  but  the  setting  up  of  new  and  more  competent 
standards  of  road  building  under  Federal  supervision, 
and  more  than  all  else  the  superwise  condition  which  the 
bill  carries  of  guaranteed  maintenance.  WE  BUILD  BUT 
WE  DO  NOT  MAINTAIN. 

Yours  very  truly, 

Geo.  H.  Clark, 
County  Engineer. 

Birmingham,  Ala.,  Nov.  24,  1916. 


ROAD  ROLLERS  IN  THE  CONSTRUCTION  OF 
EARTH  ROADS. 

A  writer  in  the  November  Illinois  Highways,  the  oflfi- 
cial  publication  of  the  State  Highway  Department,  calls 
attention  to  the  fact  that  the  roller  can  be  made  to  play 
a  very  important  part  in  the  construction  of  the  ordinary 
earth  road. 

An  earth  road  will  absorb  water  in  proportion  to  the 
density  of  the  surface  and  the  slope  of  the  crown.  The 
slope  of  the  crown  of  a  road  is,  of  course,  limited  by 
the  safety  and  convenience  of  the  travelers,  that  is  to 
say,  a  road  which  has  too  much  crown  is  both  danger- 
ous and  unpleasant  to  travel  upon  by  reason  of  the  tilt- 
ing or  slipping  of  the  vehicle.  On  the  other  hand,  how- 
ever, there  is  no  such  limit  to  the  amount  the  surface 
can  be  compacted  and  it  therefore  stands  to  reason  that 
after  we  have  secured  the  maximum  allowable  crown 
for  the  road  our  attention  should  be  turned  to  the  thor- 
ough compaction  of  the  surface. 

This  can  be  secured  by  a  roller  better  than  by  any 
other  means  and  a  thorough  rolling  will  do  much  toward 
securing  a  dense  surface,  which  will  retard  the  absorp- 
tion of  moisture. 

The  percentage  of  time  that  an  earth  road  is  in  use 
depends  largely  on  the  water  content  of  the  earth  form- 
ing the  roadway  (this  applies  of  course  to  all  ordinary 
soils,  except  sand).  If  the  water  is  concentrated  or  lo- 
calized, the  result  is  an  ordinary  mudhole  and  the  en- 
tire stretch  of  road  will  be  useless  as  long  as  this  one 
mudhole  presents  a  barrier  to  traffic.  However,  if  the 
water  is  not  concentrated  or  localized,  but  is  distributed 
uniformly,  we  will  have,  true  enough,  a  muddy  road  but 
one  which  is  more  passable,  depending  on  the  depth  of 
penetration  of  the  water.  It,  therefore,  follows  that  any 
steps  that  are  taken  to  shed  water  more  rapidly  from  the 
surface  of  the  road  or  to  prevent  the  saturation  of  the 
road,  will  increase  the  service  of  the  particular  road  cor- 
respondingly. 

Accordingly,  the  use  of  the  road  roller  on  an  earth 
road  by  compacting  the  surface,  justifies  the  expense  by 
doing  away  with  soft,  yielding  spots  in  the  surface, 
which  absorb  so  much  water  that  even  a  slight  rain  pro- 
duces a  bad  mudhole,  destroying  the  value  of  the  road 
until  this  one  particular  mudhole  is  passable. 

It  must  not  be  thought  that  a  road  roller  will  keep  an 
earth  road  from  becoming  muddy  or  will  keep  it  in  shape 
every  day  in  the  year.  It  will,  however,  by  making  the 
surface  of  the  road  uniformly  compacted,  produce  a  high- 
way which,  when  one  portion  of  it  is  suitable  for  traffic, 
all  portions  are  likewise  suitable. 


The  College  of  Engineering  of  the  University  of  Illinois 
will  dedicate  its  new  Ceramic  Engineering  Building  at 
Urbana,  Dec.  6  and  7. 
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METHODS  AND  COST  OF  RESURFACING  AN  OLD 
MACADAM  ROAD  WITH  ROCK  ASPHALT. 

Contributed  by  C.  R.  Thomas,  Division  Engineer,  Kentucky  State 
Department  of  Public  Roads. 

Rock  asphalt  has  been  used  for  resurfacing  old  mac- 
adam roads  in  Jefferson  County,  Kentucky,  for  the  past 
three  years.  This  article  describes  the  methods  devel- 
oped from  experience  obtained  in  1914  and  1915  and 
used  in  the  1916  work.  The  work  is  discussed  with  ref- 
erence to  the  traffic  upon  the  road,  the  manufacture  and 
properties  of  the  asphalt,  the  preparation  of  the  base 
and  the  construction  of  the  rock  asphalt  wearing  surface. 
Location  and  Traffic. 

The  section  of  road  under  consideration  is  a  portion 
of  the  Dixie  Highway,  between  Louisville,  Ky.,  and  Nash- 
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burden  of  from  6  to  12  ft.  of  earth.  However,  the  quarry 
ha.s  not  been  fully  developed.  The  percentage  of  bitumen 
contained  in  the  sandstone  varies  somewhat  and  occa- 
sionally it  is  necessary  to  waste  as  much  as  3  cu.  yd.  of 
inferior  material  to  secure  1  cu.  yd.  of  rock  containing 
over  7  per  cent  of  asphalt. 

The  rock  is  quarried  by  the  ordinary  methods  using 
steam  drills  and  dynamite.  It  is  then  passed  through  an 
ordinary  jaw  crusher  which  reduces  it  to  about  the  size 
of  macadam  stone.  The  crushed  stone  is  then  run 
through  a  machine  similar  in  many  respects  to  the  ordi- 
nary dry-pan  used  in  grinding  clay  for  brick  making. 
The  dry-pan  pulverizes  and  thoroughly  mixes  the  ma- 
terial. This  machine  completes  the  process  of  manufac- 
ture. The  prepared  rriaterial  consists  entirely  of  pulver- 
ized bituminous  sandstone.     The  material  is  then  placed 
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Fig.    1 — Cress   Section    of    Dixie    Highway    Resurfaced   with    Rock    Asphalt. 


ville,  Tenn.  Beginning  at  the  city  limits  of  Louisville 
a  section  about  3' 2  miles  in  length  was  completed  in  1915 
and  the  work  of  1916  consisted  merely  of  a  4y2-mile  ex- 
tension of  the  work  of  the  previous  year. 

Traffic  on  this  road  may  be  divided  into  three  classes: 
(1)  Garden  produce  and  manure  hauling  for  market 
gardens  tributary  to  the  road  for  a  distance  of  15  miles 
from  Louisville.  This  traffic  probably  comprises  60  per 
cent  of  the  total  tonnage  and  is  heaviest  in  the  spring 
and  early  summer,  although  much  manure  hauling  is  done 
in  the  fall  of  the  year.  Three  and  4-horse  loads  are  fre- 
quently hauled.  (2)  Heavy  motor  truck  traffic  is  of  next 
importance,  including  brewery  trucks,  moving  vans  and 


in  a  storage  pile,  where  it  remains  until  loaded  into  rail- 
road cars  for  shipment  to  points  at  which  roads  are  to 
be  built. 

Properties  of  Prepared  Rock  Asphalt. 

Rock  asphalt  prepared  for  paving  purposes  resembles 
in  many  respects  ordinary  prepared  Topeka  specification 
sheet  asphalt  paving  material,  with  the  exception  that  at 
ordinary  summer  temperatures  the  rock  asphalt  is  suf- 
ficiently fluffy  and  mealy  to  be  quite  easily  handled  and 
spread  without  artificial  heating.  When  the  material  is 
spread  in  a  thin  layer  as  in  a  pavement  surface,  rolled 
and  subjected  to  the  kneading  action  of  traffic,  a  thin 
crust   forms   on  the  surface   and  the  pavement   becomes 


Fig.  2 — Texture   of  Surface    Before    Rolling   Stone    Base. 

wholesale  merchants  delivery  trucks.  This  traffic  prob- 
ably comprises  20  per  cent  of  the  tonnage.  (3)  Automo- 
bile traffic  probably  comprises  15  per  cent  of  the  ton- 
nage, and  the  remaining  5  per  cent  consists  of  light  ve- 
hicle traffic  with  an  occasionally  heavy  load.  The  auto- 
mobile traffic  probably  averages  150  to  200  machines  in  24 
hours. 

Manufacture  of  Rock  Asphalt. 

The  rock  asphalt  so  far  used  on  all  of  the  Jefferson 
County  work  is  quarried  and  manufactured  near  Bowling 
Green,  Ky.,  by  the  Wadsworth  Stone  &  Paving  Co.  of 
Pittsburgh,  Pa. 

In  the  quarry  from  which  the  raw  material  was  ob- 
tained the  rock  asphalt  occurs  as  a  bituminous  sandstone 
ledge  varying  from  6  to  30  ft.  in  thickness  with  an  over- 


Fig.  3 — Texture  of  Surface   After   Rolling  Stone   Base. 

hard  and  smooth.  This  hardening  is  perhaps  due  to  com- 
pacting and  the  evaporation  of  some  of  the  light  oils  in 
the  crust.  Rock  asphalt  is  less  slippery  than  ordinary 
sheet  asphalt  and  the  surface  may  be  patched  with  cold 
material. 

An  interesting  property  of  this  material  is  its  tendency 
to  crawl  and  settle  when  placed  in  a  pile,  and  this  prop- 
erty is  used  to  advantage  in  spreading  the  asphalt.  It 
responds  quickly  to  changes  of  temperature,  especially 
those  caused  by  a  cold  wind  or  a  rain.  When  freshly 
ground,  the  material  is  frequently  brownish  in  color,  but 
turns  black  upon  exposure  to  the  sun. 

Upon  analysis  the  material  shows  a  well  graded  sand 
aggregate  of  exceptional  sharpness  and  from  7  to  10  per 
cent  asphalt.    The  percentage  of  non-volatile  light  oils  in 
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the  asphalt  is  quite  high  and  that  fact  probably  accounts 
for  the  workable  consistency  of  the  material  at  ordinary 
summer  temperatures. 

Preparation  of  Stone  Base. 

The  old  road  consisted  of  a  foundation  course  of  sand- 
stone rubble  from  6  in.  to  12  in.  thick,  covered  with  quartz 
gravel  or  limestone  macadam  of  greatly  varying  thick- 
ness. The  existing  wearing  surface  was  oiled  macadam, 
badly  worn,  but  in  a  fair  state  of  repair. 

In  resurfacing  with  rock  asphalt  it  was  desired  so  far 
as  possible  to  make  use  of  the  old  foundation,  and   for 
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method  consisted  of  spreading  the  crushed  stone  17  ft. 
wide,  and  using  a  slight  earth  ridge  or  shoulder  to  con- 
line  the  stone  where  a  considerable  thickness  was  used. 
In  the  method  last  used  the  crushed  stone  was  spread  20 
ft.  wide,  on  a  slightly  crowned  subgrade,  and  the  edges 
feathered  to  the  thickness  of  a  single  stone. 

Considerable  difficulty  was  experienced  in  obtaining 
cru.'ihed  stone  of  a  satisfactory  size.  The  stone  supplied 
was  a  rather  soft  limestone  crushed  to  pass  a  3-in.  ring 
and  be  retained  on  a  I'j-in.  ringv  Other  stone  sizes  were 
tried  on  a  small  scale,  but  with  the  quality  of  limestone 


Fig.    4 — Spreading    Asphalt. 

that    reason    few   grade   changes    were   made.      Figure    1 
shows  a  typical  cross  section  of  the  finished  road. 

As  a  rule,  the  following  method  was  used  in  shaping 
and  scarifying:  The  ditches  and  shoulders  were  cleaned 
with  a  road  machine,  earth  being  moved  in  many  cases 
across  the  entire  width  of  roadway  in  order  to  true  the 
cross  section  of  the  road.  The  old  macadam  surface  was 
then  thoroughly  scarified  in  sections  about  500  ft.  long, 
and  the  surface  smoothed  with  a  road  machine.  A  Havass 
block  scarifier  and  a  Kelly-Springfield  roller  with  a  pneu- 
matic scarifying  attachment  were  used  in  scarifying. 
The  pneumatic  attachment  was  found  to  be  quite  satis- 
factory, scarifying  to  any  desired  depth  and  leaving  no 
hard  spots   in  the  surface.     On   several   sections   of  the 


Fig.   5 — Dumping   and   Spreading   Rock   Asphalt. 

available   were   not   found   to   be   as   satisfactory   as   the 
size  used. 

Stone  was  dumped  in  parallel  rows  and  spread  by 
hand.  The  thickness  of  spread  varied  with  the  amount 
of  old  macadam  left  on  the  road  and  the  condition  of  the 
grades.  Since  a  rigid  base  is  considered  essential  to  the 
life  of  a  rock  asphalt  surface  no  thin  or  "pancake"  fills 
were  made,  slight  inequalities  and  breaks  in  the  profile 
being  corrected  by  increasing  the  thickness  of  the 
crushed  stone  base.  All  rock  asphalt  wearing  surface 
was  laid  on  clean,  freshly  crushed  stone,  and  even  on  mac- 
adam built  the  previous  year  a  3-in.  (loose)  layer  of 
crushed  stone  was  spread.  As  a  rule,  fresh  crushed  stone 
was  spread  an  average  of  5  in.  in  loose  thickness. 


Fig.   6 — Rollinc,   the   Pavement   With   7-Ton   Tandem    Roller. 

road  that  had  been  resurfaced  with  new  macadam  the  pre- 
vious year,  the  loose  macadam  stone  was  worked  back  and 
forth  with  the  road  machine  to  sift  out  the  dust  and  leave 
the  clean  stone  on  the  surface.  Usually  the  subgrade 
was  rolled  very  little  after  shaping,  as  it  was  found  that 
the  old  material  reconsolidated  quickly,  and  it  was  thought 
that  the  traffic  would  find  the  weak  spots  in  the  sub- 
grade  more  effectively  if  left  unrolled. 

Two  methods  of  placing  the  base  course  of  crushed 
stone  were  tried,  the  one  last  used  being  a  development 
of  the  first  and  considered  more  satisfactory.     The  first 


Fig.  7 — Finished    Road   With    Macadam   Shoulders. 

Ordinarily  the  base  v.as  rolled  in  sections  about  300 
ft.  long,  using  a  12-ton  Kelly-Springfield  road  roller. 
After  rolling  the  section  was  thoroughly  barricaded.  This 
method  of  rolling  was  found  necesary  on  account  of  the 
heavy  traffic  on  the  earth  side-road  while  construction 
work  was  in  progress.  In  rainy  weather  traffic  would 
frequently  usurp  the  macadam  roadway  and  travel  over 
the  freshly  laid  base  stone.  It  was  found  that  when  the 
crushed  stone  base  had  once  been  rolled  firm  it  was  very 
difficult  to  compact  a  second  time,  because  of  the  rounded 
condition   of  the   stone.     Also,   by   sprinkling   the   stone 
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prior  to  rolling  the  dust  that  rapidly  accumulated  on  the 
stone  in  dry  weather  was  washed  off  and  the  stone  left 
in  a  clean  condition  to  receive  the  asphalt.  On  account 
of  the  uniform  size  of  the  stone  and  the  constant  dan- 
ger of  its  rounding  while  being  rolled,  much  sprinkling 
was  done  in  dry  weather  as  an  aid  in  rolling.  Rolling 
was  continued  until  the  stone  began  to  crush  under  the 
roller,  the  idea  being  to  secure  as  firm  and  at  the  same 
time  as  open  a  base  as  possible.  Figure  2  shows  the 
surface  texture  of  the  stone  prior  to  rolling  and  Fig.  3 
the  texture  after  rolling.  It  is  thought  that  the  degree 
of  smoothness  of  the  finished  road  depends  in  a  large 
measure  upon  the  uniformity  of  texture  of  the  stone  base, 
a  variation  in  texture  causing  a  different  degree  of  com- 
pacting in  the  asphalt  and  a  bumpy  surface. 

The  earth  side-road  was  kept  sprinkled  in  dry  weather 
to  keep  the  dust  and  dirt  from  getting  on  the  asphalt  and 
rolled  base.  It  was  frequently  necessary  to  sprinkle  the 
subgrade  in  order  to  lay  the  dust  before  spreading  the 
crushed  stone  base. 

Stone  was  hauled  in  1%  cu.  yd.  Watson  and  National 
dump  wagons  and  4  cu.  yd.  Troy  trailers  pulled  by  the 
roller.  The  maximum  haul  for  both  asphalt  and  stone 
was  about  2  miles  and  the  average  haul  about  1  mile. 
After  the  completion  of  the  first  mile  of  road  all  the 
hauling  was  done  in  dump  wagons. 

Construction  of  Rock  Asphalt  Surface. 

The  prepared  rock  asphalt  was  delivered  in  coal  cars 
at  convenient  railroad  sidings  along  the  road  and  un- 
loaded by  hand  into  dump  wagons  and  trailers.  Ordinary 
10-tine  stone  forks  were  used  for  handling  the  asphalt. 
In  warm  weather,  if  the  cars  have  not  been  delayed  in 
transit  and  the  asphalt  has  not  been  rained  upon,  the 
material  is  handled  with  comparative  ease.  The  record 
performance  in  unloading  asphalt  was  made  on  Aug.  26 
when  60  tons  of  asphalt  were  unloaded  by  5  men  and  a 
foreman  in  a  day  of  7%  hours,  a  rate  of  1.6  tons  per 
man-hour.  In  cold,  windy  weather  unloading  is  slow  and 
expensive  since  the  asphalt  must  be  loosened  with  picks. 
Under  average  conditions  asphalt  was  unloaded  at  a  rate 
of  1  ton  per  man-hour. 

Asphalt  was  dumped  in  the  center  of  the  rolled  base 
in  such  manner  that  the  material  when  spread  covered 
the  road  for  the  length  of  the  dump.  As  a  rule,  two 
aumps  were  necessary  for  each  ly^  cu.  yd.  load.  Iron 
pins  located  by  careful  measurement  from  reference 
stakes  placed  at  intervals  of  50  ft.  along  the  ditch  line, 
were  set  to  indicate  the  edges  of  the  pavement,  and  lines 
stretched  between  them  to  serve  as  guide  lines  in  spread- 
ing the  asphalt.  Figures  4  and  5  show  the  methods  used 
in  dumping  and  spreading  the  asphalt. 

The  asphalt  spreading  gang  ordinarily  consisted  of  6 
men  and  a  foreman,  3  men  forking  and  carrying  to  the 
rakers  and  3  men  raking.  This  gang  spread  from  400- 
600  ft.  of  16-ft.  pavement  in  a  10-hour  day,  depending 
largely  upon  temperature  and  other  weather  conditions. 
In  spreading  the  forkers  deposited  each  forkful  in  a  lumo 
and  the  rakers  worked  the  lump  down  by  pushing  on  it 
with  the  corner  of  the  rake.  The  teeth  of  the  rake  were 
used  to  smooth  the  asphalt  after  the  lumps  were  disin- 
tegrated. Rakes  and  forks  were  heated  in  a  fire  kept 
burning  in  an  iron  wheelbarrow  that  was  rolled  along 
as  the  work  progressed. 

The  depth  of  spread  necessary  to  secure  a  satisfac- 
tory surface  varied  somewhat  with  the  temperature,  in 
cool  weather  a  thicker  spread  being  required.  Gener- 
ally the  asphalt  was  spread  to  a  loose  depth  of  1%  ins., 
corresponding  to  a  rate  of  from  18  to  20  sq.  yd.  to  each 
ton. 

After  spreading,  whenever  possible,  the  rolling  was 
delayed  for  several  hours  to  permit  the  material  to  work 
down  and  settle.  In  a  few  hours  after  spreading,  if  the 
sun  is  shining,  the  asphalt  will  appear  oily,  indicating  a 
good  condition  for  rolling. 

The  asphalt  spread  each  day  was  generally  rolled  late 
in  the  afternoon,  using  a  7-ton  Kelly-Springfield  tan- 
dem gasoline  roller.    The  first  rolling  was  done  at  very 
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slow  speed.  A  water  spray  connected  with  the  exhaust 
pipe  of  the  roller  was  used  to  keep  the  rear  roll  wet  when 
rolling  in  hot  weather,  and  little  difficulty  was  experienced 
from  asphalt  sticking  to  the  rolls.  After  rolling  the  sec- 
tion completed  was  immediately  barricaded.  The  road 
was  then  again  rolled  on  the  second  and  third  days  after 
completion  and  then  thrown  open  to  traffic. 

As  soon  as  convenient  after  the  completion  of  the  sur- 
face, clean  limestone  chips  were  spread  along  the  edges 
of  the  asphalt  and  rolled  with  the  tandem  roller.  The 
chips  were  then  covered  with  limestone  screenings  and 
again  rolled.  At  convenient  times  and  after  rains  the 
shoulders  were  rolled  until  a  waterbound  finish  was  ob- 
tained. 

Ordinarily,  the  first  three  weeks  after  the  road  was 
thrown  open  to  traffic  the  asphalt  behaved  badly,  pick- 
ing up  under  animal  traflic  and  sometimes  rutting  slightly 
under  heavy  loads.  Automobile  traffic  did  not  affect  it 
much.  When  the  weather  was  hot  and  dry  the  tandem 
roller  was  used  occasionally  to  smooth  the  finished  road. 
After  about  three  weeks'  pounding  of  traffic  practically 
no  trouble  was  experienced,  the  surface  smoothing  out 
and  presenting  an  excellent  appearance.  Figure  7  shows 
the  completed  road. 

Patches  are  readily  made  with  cold  material.  A  rec- 
tangular area  is  chopped  out,  leaving  the  edges  square, 
the  base  rock  loosened  and  tamped  by  hand,  and  fresh 
asphalt  spread,  allowing  about  1  in.  for  compacting.  The 
edges  are  then  lightly  tamped  and  the  patch  rolled,  leav- 
ing the  patched  place  a  little  high.  Frequently  the  as- 
phalt removed  can  be  mashed  up  and  again  used  in  mak- 
ing the  patch.  Spots  where  gasoline  or  kerosene  has  been 
spilled  on  the  road  should  be  watched  until  the  oil  evap- 
orates, or  a  patch  may  be  made  at  once.  After  the  road 
ages  a  few  months  light  oils  have  less  effect  on  the  sur- 
face of  the  asphalt. 

Cost  and  Personnel. 

The  contract  prices  on  the  work  were  as  follows: 

Excavaticn,    cu.    yd $0.25 

Scarifying  and  shaping,  sq.  yd 03 

Crushed  stone   in  place,  cu.   yd 1.58 

Roclt  asphalt  surface  in  place,  sq.  yd 08 

Rock  asphalt  was  purchased  by  the  county  at  about  $5.50  a  ton. 
f.  o.  h.  Louisville,  Ky.,  and  delivered  to  the  contractor  at  the  railroad 
siding  nearest  the  work. 

The  road  was  built  jointly  by  Jefferson  County,  J.  R. 
Gaines,  County  Engineer,  and  the  Kentucky  State  Depart- 
ment of  Public  Roads,  Rodman  Wiley,  Commissioner,  as 
a  State  Aid  Road.  Mr.  H.  E.  Read  was  the  State  Division 
Engineer  for  the  work,  and  Michael  Flahraty  and  C.  R. 
Thomas,  County  and  State  Inspectors.  The  G.  W.  Gos- 
nell  Co.  of  Louisville,  Ky.,  was  the  contractor. 


The  maintenance  survey  of  concrete  pavements  in  the 
United  States  recently  undertaken  by  field  engineers  of 
the  Portland  Cement  Association  is  progressing  satisfac- 
torily. According  to  late  reports,  nearly  20,000,000  of 
the  70,000,000  sq.  yd.  of  such  pavements  have  been  ex- 
amined and  reported  upon  and  it  is  expected  the  work  will 
be  completed  during  the  course  of  the  next  month.  Over 
100  engineers  stationed  in  various  parts  of  the  country 
are  making  this  inspection.  One  of  the  objects  of  this 
survey  is  to  secure  data  based  on  actual  experience  so 
that  methods  of  construction  and  maintenance  that  have 
produced  the  best  results  may  be  definitely  determined 
with  a  view  to  raising  the  standards  of  practice  in  con- 
crete pavement  construction  generallj'.  When  this  work 
is  completed,  the  Portland  Cement  Association  will  have  a 
complete  history  of  all  concrete  pavement  in  the  United 
States — roads,  streets  and  alleys. 


On  Nov.  18  the  new  gymnasium  of  the  Stevens  Institute 
of  Technology  was  dedicated  with  appropriate  ceremony. 
The  building,  which  was  erected  as  a  cost  of  over  $125,- 
000,  is  the  gift  of  Mr.  William  Hall  Walker  of  New  York 
to  the  college.  The  gympasium  is  elliptical  in  shape,  and 
is,  as  far  as  is  known,  the  first  of  this  form  to  be  built. 
It  contains  a  10-lap  track,  a  large  drill  court,  and  the  reg- 
ulation college  pool,  and  its  interior  construction  includes 
a  number  of  interesting  and  original  features. 
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METHOD    AND    COST    OF    FILLING    JOINTS    IN 
BITUMINOUS   SURFACED   CONCRETE   PAVE- 
MENTS OF  SAN  BERNARDINO  COUNTY, 
CALIFORNIA. 

Difficulty  in  making  a  bituminous  carpet  stick  over  the 
e.xpansion  joints  on  the  87  miles  of  recently  constructed 
concrete  pavement  in  San  Bernardino  County,  California, 
led  to  the  invention  of  a  special  joint-filling  machine, 
which  has  proved  a  success  in  use. 

The  pavements  are  of  1:2:4  concrete,  5  in.  thick,  and 
are  finished  with  a  wearing  surface  or  carpet  of  asphaltic 
oil  and  screenings.  Expansion  joints  of  the  Carey  sand- 
wich type  were  provided  at  intervals  of  from  30  to  75 
ft.,  depending  on  the  season  and  relative  humidity  at  the 
time  of  placing  the  concrete.  Generally  expansion  fol- 
lowed the  uncovering  of  the  pavement  after  construc- 
tion, forcing  the  joint  filler  nearly  all  out.  The  ejected 
asphalt  was  ironed  out  into  a  mat  over  the  joint,  which 
did  not  adhere  to  the  concrete,  and  as  a  result  formed 
a  weak  spot  under  the  asphalt  carpet  coat  that  was  after- 
ward applied,  so  that  it  would  not  remain  over  these 
places. 

To  remedy  these  defects  it  was  found  necessary  to  dig 
out  the  joints  to  a  depth  of  li  in.,  clean  the  adjoining 


Asphalt   Joint   Filling    Machine   of   San    Bernardino   County,   Caiifornla. 

pavement  and  refill  the  joint  with  90  per  cent  asphaltic 
oil,  heated  to  a  temperature  of  over  200°  F.  To  do  this 
economically  it  was  necessary  to  have  a  machine  differ- 
ent from  any  on  the  local  market. 

After  experimenting  and  making  several  changes,  the 
machine  shown  in  the  accompanying  illustration  was  per- 
fected. This  device  consists  of  a  100-gal.  drum  mounted 
on  a  pair  of  Ford  automobile  wheels.  Beneath  the  drum 
is  a  firebox  containing  four  distillate  burners.  These 
burners  are  supplied  from  a  small  drum  carried  on  the 
front  vehicle  and  connected  to  the  burners  by  a  flexible 
hose.  The  burners  are  the  ordinary  gas  burners  as  used 
in  gasoline  stoves.  The  firebox  e.xtends  to  the  first  band 
on  the  drum  or  about  one-third  the  height  of  the  drum 
and  the  connection  between  the  firebox  and  band  is  not 
tight,  which  leaves  a  space  for  draft  all  around  the 
drum. 

The  hot  asphaltic  oil  is  drawn  from  the  drum  and 
sprayed  through  a  chisel-shaped  nozzle  by  a  hand  power 
rotary  pump.  A  by-pass  connects  the  discharge  line  with 
the  top  of  the  drum  so  that  the  oil  can  be  circulated  when 
the  machine  is  not  in  use,  to  prevent  the  pump  and  lines 
from  cooling  and  clogging. 

The  burners  are  generally  kept  burning  low  at  night 
to  prevent  the  oil  from  cooling,  as  it  takes  about  three 
hours  to  reach  a  sufficient  temperature  to  spray.  It  is 
usually  necessary  to  clean  the  pump  and  discharge  line 
either  at  night  or  in  the  morning  with  distillate.  When 
the  nozzle  has  not  been  in  use  for  a  few  minutes  the  oil 
becomes  cold  in  the  hose,  but  by  placing  the  end  of  the 
nozzle  in  the  top  of  the  drum  and  rotating  the  pump  a 
few  times  the  line  is  heated  so  that  the  oil  will  flow  read- 
ily. The  nozzle  is  made  of  ?4-in.  pipe  and  is  connected 
to  pump  by  a  %-in.  flexible  steel  hose  about  10  ft.  long. 


The  pump  is  a  Trahern  hand  rotary  pump  with  a  2-in. 
suction  and  a   1-in.   discharge. 

The  oiler  is  filled  at  a  central  heating  plant  and  is 
towed  to  the  work  or  filled  from  5-gal.  buckets  distributed 
along  the  road.  The  heavy  asphaltic  oil  in  the  buckets 
must  be  heated  before  it  can  be  emptied  into  the  drum. 

The  thickness  of  the  coat  of  oil  applied  can  be  regu- 
lated by  the  rate  of  rotations  of  the  pump  and  by  a  valve 
in  the  discharge  line  under  the  control  of  the  nozzle- 
man.  It  is  surprising  how  thin  a  coat  can  be  applied 
by  this  machine,  but  the  oil  has  to  be  at  a  temperature 
of  .300^  F.  to  obtain  the  best  results. 

One  excellent  feature  of  the  machine  is  its  lightweight. 
A  trailer  attachment  was  made  and  bolted  on  to  the  rear 
spring  of  a  Ford  automobile  by  which  the  machine  can 
be  towed  to  and  from  the  work  when  necessary.  In  ordi- 
nary use  it  is  towed  behind  a  wagon,  the  connection  be- 
ing made  by  a  similar  attachment  bolted  to  the  rear  axle 
of  the  wagon.  A  swivel  joint  in  the  end  of  the  iron 
tongue  makes  a  flexible  joint  that  allows  no  slack  in 
starting  and  stopping,  but  allows  ample  freedom  in  turn- 
ing. On  small  jobs  of  patching  the  auto  can  be  used, 
but  for  the  continuous  work  of  filling  joints  it  was  found 
advisable  to  use  the  wagon,  as  the  screenings  for  filling 
in  and  all  necessary  tools  can  be  carried  on  the  wagon. 

The  best  success  in  patching  joints  is  obtained  by 
using  hard  rock  screenings  passing  a  -Is-in  mesh  screen. 
The  joint  is  partially  filled  with  oil  and  the  screenings 
applied  to  take  up  the  oil.  Any  surplus  oil  coming  up 
to  the  surface  of  the  screenings  is  taken  up  with  sand 
or  dust.  As  this  surplus  oil  must  be  removed  before  the 
wearing  surface  is  applied  anything  to  keep  traffic  from 
picking  up  the  oil  will  do  to  take" up  this  surplus  oil. 

To  protect  the  refilled  joints  prior  to  the  application 
of  the  wearing  surface  it  is  necessary  to  use  a  surplus 
of  oil  in  filling  them.  In  order  to  avoid  a  bump,  after 
the  wearing  surface  is  applied,  the  surplus  of  oil  at  the 
joint  is  removed,  which  is  best  done  by  using  a  mattock 
or  a  hot  spade  just  in  advance  of  the  application  of  the 
wearing  surface. 

The  crew  ordinarily  consists  of  a  foreman,  pumpman, 
nozzleman,  one  man  to  shovel  screenings,  one  man  to 
sweep,  two  men  to  pick  out  the  joints,  and  teamster  and 
team  hauling  about  2  cu.  yd.  of  crushed  rock  screenings 
and  towing  the  oiler.  This  crew  has  finished  joints  on 
48  miles  of  road  in  one  month  at  a  cost  of  about  $10  per 
mile.  The  oil  and  screenings  had  to  be  hauled  from  5 
to  35  miles.  The  outfit  can  cover  from  1  to  5  miles  of 
road  per  day,  depending  upon  its  condition. 

The  original  cost  of  this  machine  came  to  about  $200, 
but  a  duplicate  could  be  built  at  a  lower  cost,  as  some 
experimental  work  was  necessary  before  satisfactory  re- 
sults were  obtained. 

J.  S.  Bright,  Jr.,  San  Bernardino,  Cal.,  is  Chief  Engi- 
neer of  the  San  Bernardino  County  Highway  Commis- 
sion. 


SOME  NOTES  ON  STATE  HIGITVVAY  MAIN- 
TENANCE  IN   MAINE. 

At  the  close  of  the  season  of  1915  195I/2  miles  of  com- 
pleted state  highways  in  Maine  were  under  constant 
patrol  maintenance.  This  mileage  was  divided  as  fol- 
lows as  to  type  of  surface:  Bituminous  macadam.  Port- 
land  cement  concrete.     Water-bound  macadam.     Gravel. 

The  following  notes  on  this  work  are  taken  from  the 
recently  issued  report  of  the  State  Highway  Commission: 

Bituminous  Macadam. — The  bituminous  macadam, 
where  necessary,  was  patched  early  in  the  spring  and 
such  sections  as  needed  it  were  given  a  very  light  sur- 
face treatment  of  Tarvia-B  followed  by  a  light  coat  of 
sand. 

Portland  Cement  Concrete. — The  Portland  cement  con- 
crete sections  were  completed  in  1913  and  are  either  10 
or  12  ft.  in  width  with  4.5  ft,  or  5.5  ft.  shoulders  of 
water-bound  macadam.  The  concrete  surfaces  were 
given  a  blanket  coat  of  Tarvia-A  and  sand  when  con- 
structed.    These  blanket  coats  have  never  been  renewed 
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but  during  the  year  some  patching  was  necessary,  prob- 
ably not  over  5  per  cent  of  the  surface  needing  attention. 
The  principal  difficulty  was  in  keeping  the  shoulders  up 
to  surface  especially  on  the  insides  of  curves,  although 
some  difficulty  of  a  similar  nature  was  experienced  on 
the  outsides  of  curves,  as  well  as  on  the  whole  length  of 
this  section.  Traffic  over  these  sections  is  so  heavy  on 
holidays  and  Sundays  that  it  continually  travels  in  a 
double  line.  Consequently,  one  pair  of  wheels  of  each 
vehicle  uses  the  shoulder  of  the  road.  Maintenance  of 
the  shouldfers  consists  in  adding  gravel  and  disintegrated 
granite  with  clay  for  a  binder  and  dragging  in  the  shoul- 
ders about  twice  a  week.  The  cost  of  this  work  has  aver- 
aged practically  $100  per  mile.  The  experience  with  this 
section,  10  or  12  ft.  of  concrete  and  macadam  shoulders, 
shows  it  is  not  a  satisfactory  design  for  heavy  traffic 
roads. 

Water-Bound  Macadam. — The  oldest  section  of  state 
highway  is  local  stone  water-bound  macadam  and  extends 
from  the  Kittery-Portsmouth  bridge  8,132  ft.  easterly. 
This  section  was  constructed  in  1910  and  has  been  treated 
annually  with  Tarvia-B  and  sand.  In  1915  the  treatment 
averaged  1-9  gal.  per  square  yard  of  surface  with  occa- 
sional patching  as  indications  of  surface  weakness  were 
discovered.  This  road  carries  a  traffic  which  runs  as  high 
as  3,000  automobiles  some  days  and  it  is  in  a  fairly  satis- 
factory condition. 

One  other  section  of  water-bound  macadam  was  com- 
pleted in  July  and  was  maintained  through  the  balance 
of  the  season  without  any  treatment.  This  latter  section 
will  be  treated  in  the  spring  of  1916. 

One  other  section  of  water-bound  macadam  constructed 
in  1915  will  also  receive  treatment  in  1916. 

Gravel  Roads. — Sections  of  gravel-surfaced  road  lying 
on  the  same  route  with  bituminous  macadam  and  cement 
concrete  were  given  one  treatment  with  Tarvia-B  and 
sand  about  the  first  of  June  and  then  patched  occasion- 
ally through  the  summer.  These  sections  were  in  good 
condition  all  through  the  season.  The  treatment  con- 
sisted of  about  ^2  gal.  of  tar  per  square  yard.  One-half 
the  road  was  treated  at  a  time  and  a  day  or  more  elapsed 
before  the  tar  was  applied  to  the  other  half  of  the  road. 

These  same  sections  received  two  similar  treatments 
during  1914,  the  first  about  June  1  and  the  second  about 
Aug.  1.  In  both  treatments  6-10  gal.  of  tar  per  square 
yard  were  used.  In  the  spring  of  1915  the  tar  of  course 
broke  up  into  small  scales.  The  surface  was  reshaped 
with  a  split  log  drag  but  not  rolled  prior  to  treatment. 
The  treatment  was  successful  and  these  sections  carried 
a  very  heavy  motor  traffic  throughout  the  season. 

The  cost  of  maintaining  these  surfaces,  including 
treatment,  patching  and  patrolling  was  about  $600  per 
mile  for  a  16  ft.  surface. 


WORK  OF  U.  S.  OFFICE  OF  PUBLIC  ROADS  AND 
RURAL  ENGINEERING  IN  1915. 

Over  4,942,000  sq.  yd.  of  roadway,  the  equivalent  of 
561.9  m.iles  of  road  15  ft.  wide,  were  constructed  under 
the  supervision  of  Federal  road  engineers' during  the  last 
fiscal  year,  according  to  the  annual  report  of  the  Office 
of  Public  Roads  and  Rural  Engineering,  of  the  U.  S.  De- 
partment of  Agriculture,  just  issued.  This  is  more  than 
double  the  mileage  so  constructed  in  previous  years. 

The  yardage  of  the  different  types  of  surfacings  con- 
structed last  year  were  as  follows : 

Sq.  yds. 

Gravel    1,848.280 

Macadam     1,565,163 

ICrTth     767,437 

Bituminous  macadam    310,643 

Sand-clay    295,337 

Concrete    84,454 

Bituminous  concrete 39,813 

Surface    treatment    30,835 

The  roads  constructed  under  supervision  of  the  office 
include  experimental  roads,  post  roads,  county  roads,  and 
roads  in  National  Parks  and  forests.  The  expenditures 
of  the  office  for  this  purpose  were  chiefly  for  engineering 
services  and  supervision,  the  communities,  except  in  the 
case  of  forest  and  park  roads,  meeting  the  bulk  of  the 
costs  for  material  and  construction. 


A  special  appropriation  was  made  for  the  construc- 
tion of  the  post  roads  in  the  post  office  appropriation 
bill  of  1912.  Eight  of  the  11  post  road  projects  remain- 
ing at  the  beginning  of  the  last  fiscal  year  were  com- 
pleted by  the  end  of  the  year,  bringing  the  mileage  of 
the  completed  roads  under  this  special  project  to  397.6. 
Three  of  the  original  17  projects,  aggregating  59.17  miles 
in  length,  remained  uncompleted  at  the  end  of  the  year. 
The  8  projects  completed  are  in  7  States  and  traverse  15 
counties. 

The  office  made  studies  and  recommendations  for  im- 
proving the  complete  road  systems  of  32  counties  in  a 
number  of  States,  assigned  engineers  to  inspect  specific 
roads  and  advise  as  to  their  treatment  in  113  communi- 
ties, and  specially  assigned  7  engineers  to  assist  State  de- 
partments of  roads  and  other  State  agencies  dealing  with 
roads  and  road  materials. 

The  demonstration  maintenance  work  undertaken  in 
1914  on  a  through  route  from  Washington  to  Atlanta  was 
continued  during  the  year,  the  mileage  under  supervision 
increasing  from  724  to  876.  The  cumulative  effect  of 
continuous  maintenance,  says  the  report,  has  been  dem- 
onstrated by  the  fact  that  from  March  15  to  the  end  of 
the  fiscal  year,  June  30,  1916,  the  road  was  not  closed  to 
traffic  at  any  point. 

In  the  National  parks  and  National  forests  the  office 
supervised  construction  on  approximately  170  miles  of 
road,  of  which  about  70  miles  were  completed.  One  of 
the  roads  under  construction- — the  E^calante-Winder 
road  in  the  Powell  National  Forest,  Utah — will  open  up 
communication  with  a  settlement  in  the  valley  of  the 
upper  Colorado  River  which  has  heretofore  been  prac- 
tically cut  off  from  the  rest  of  the  world. 

The  economic  work  of  gathering  road  statistics  and 
making  studies  of  traffic,  road  costs,  and  benefits  was 
continued  by  the  office.  Numerous  tests  and  much  re- 
search work  in  regard  to  road  materials  were  conducted. 

The  office  carried  on  a  number  of  investigations  in  re- 
gard to  irrigation  in  co-operation  with  States,  agricul- 
tural experiment  stations,  and  other  agencies,  chiefly  in 
the  West.  Drainage  investigations  were  conducted  both 
in  the  irrigated  and  humid  regions. 

In  its  rural  engineering  work  the  office  planned  farm 
water  supply  systems  and  sanitary  systems,  and  pre- 
pared plans  for  a  southern  farmhouse,  three  farmhouses 
suited  to  northern  conditions,  barns,  corncribs,  stables, 
machinery  sheds,  etc.  The  office  also  furnished  infor- 
mation in  regard  to  electric  lighting  and  power  plants 
for  farm  refrigerating  systems,  heating  plants,  wind- 
mill  installations,  etc. 


MAINTENANCE  COST  OF  AUTOMOBILES. 

The  city  of  Oakland,  Cal.,  established  a  municipal  ga- 
rage in  March,  1913,  to  care  for  all  machines  owned  and 
used  by  the  city,  excepting  those  connected  with  the  po- 
lice and  fire  departments.  At  that  time  there  were  18 
machines  in  service. 

The  functions  of  the  garage  have  been  increased  from 
mere  daily  care  and  minor  repairs  to  the  full  duties  of  a 
repair  garage.  This  has  meant  the  installation  of  a  mod- 
ern machine  shop  and  an  increase  in  the  number  of  ma- 
chinists, but  it  has  also  resulted  in  a  lower  cost  per  mile 
in  the  upkeep  of  the  machines.  The  garage  furnishes  the 
full  care  of  the  machines,  as  washing,  oiling,  supply  of 
gasoline,  ordinary  running  repairs,  thorough  overhauling 
once  in  each  12  or  18  months,  repairing,  body  building, 
upholstering,  and  even  making  of  parts  and  rebuilding 
entire   cars. 

Complete  check  is  kept  on  the  use  of  all  machines  by 
an  "In-and-out"  register;  complete  check  is  kept  on  the 
handling  of  the  machines  by  the  "Efficiency  Marking  Sys- 
tem on  Auto  Drivers" ;  and  segregated  cost  against  each 
machine  gives   complete  check  on  operation. 

Accurate  records  on  each  machine  are  kept  for  the 
double  purpose  of  checking  the  efficiency  of  the  garage, 
car  and  driver,  and  to  serve  as  a  basis  for  apportioning 
the  cost  among  the  various  departments. 
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Some  of  the  most  important  figures  are  as  follows: 

i;ii:)-i4.  r,ii4-i5. 

Maintenance  cost    $17,.'>41.:il  $20,101.78 

Number  of   cars    35  40 

Average  miles  j.er  car 6,683  T.OGfi 

.Average  cost   per  cir $      501.17  S      502..''i4 

.Werage  cost  pel    mile $  .075  %  .071 

Average  mile.s  i-er  gallon  gasoline. 13  78 

Comparisons  have  been  made  with  corresponding  costs 
of  cars  operated  by  large  public  service  corporations, 
and  mercantile  establishments.  Many  such  concerns  do 
not  keep  sufficient  records  to  make  a  comparison  possi- 
ble, but  such  information  as  is  available  indicates  that 
none  are  operated  at  a  lower  cost. 

SMALL  HAND  OILE]^  FOR  MAINTENANCE 
WORK. 

A  small  hand  oiler  is  used  by  the  Road  Department 
of  Los  Angeles  County.  The  apparatus  forms  part  of 
the  equipment  of  the  trucks  employed  on  maintenance 
work  on  paved  ways. 

The  hand  oiler  is  made  of  a  sheet  iron  boiler  about 
2'o  ft.  in  diameter  and  3^2  ft.  long.  It  has  a  cast  iron 
pot  hanging  in  the  center  of  the  boiler  capable  of  hold- 
ing 20  gal.  of  oil.  A  firebox  surrounds  the  pot  which  is 
used  sometimes  to  keep  the  oil  at  a  certain  temperature. 
The  boiler  is  supported  between  two  iron  wheels  and  is 
so  balanced  that  the  center  of  gravity  is  below  the  axles, 
thereby  always  keeping  the  pot  in  an  upright  position. 
There  is  a  handle  on  one  side  of  the  boiler,  which  is  used 
to  move  the  machine  from  one  place  to  another.     On  the 
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heated  at  one  time.  When  the  oil  is  heated  to  between 
400  and  500°  F.  about  15  to  20  gal.  are  poured  into  the 
hand  oiler.  One  man  pushes  the  oiler  to  the  spot  to  be 
repaired,  another  works  the  pump  and  a  third  man  does 
the  spraying  of  the  oil. 

On  street  oiling  as  much  as  125  gal.  per  hour  may  be 
applied.  The  best  results  may  be  obtained  from  this 
hand  oiler  by  heating  the  oil  to  about  500°.  By  heating 
the  oil  to  the  above  temperature,  it  is  not  necessarj'  to 
maintain  a  fire  in  the  hand  oiler.  A  fire  in  the  hand 
oiler  often  proves  very  injurious  to  the  oil  pump,  as  it 
causes  a  coating  of  oil  cake  to  form  in  the  bottom  and 
sides  of  the  pot.  This  in  turn  will  get  into  and  clog  up 
the  pump. 

A  man,  after  handling  the  spraying  nozzle,  can  apply 
any  specified  amount  of  oil  to  the  square  yard  very  ac- 
curately. This  hand  oiling  machine,  after  castings  are 
made,  is  assembled  at  the  mechanical  shop  of  the  county. 

F.  H.  Joyner  is  Road  Commissioner  of  Los  Angeles 
County. 


MOTOR  TRUCK  TRAFFIC  ON  NEW  YORK  HIGH- 
WAYS. 

During  1915  the  State  Commissioner  of  Highways  of 
New  York  made  a  careful  study  of  the  amount  of  use  to 
which  the  State  and  county  highways  were  subjected  by 
motor  trucks  and  motor  busses.  The  results  of  this  cen- 
sus are  given  in  the  recently  issued  annual  report  of  the 
Commissioner. 


J 


Heating   Oil   in    Buckets  with   Special   Burner.  Hand  Oiler  of   Los  Angeles  County. 

opposite  side  and  on  top  of  the  boiler  the  hand  crank  for  It  was  found  that  the  trucks  and  buses  ran  from  1  ton 

the  oil  pump  is  located.  to   15  tons   weight,   including  the   vehicle.     By    far    the 

The  oil  pump  is  the  most  important  part  of  the  little  larger   number   consisted    of   3-ton   trucks.     The   reports 

heater  and  is  fastened  to  the  bottom  of  the  oil  pot.     The  thus  obtained  as  to  each  truck  and  bus  upon  an  estimated 

pump  is  a  rotary  pump  and  is  driven  by  a  sprocket  and  yearly    period    of    40    weeks    (.eliminating   the    entire    12 

chain  which  runs  to  the  sprocket  on  the  hand  crank  lo-  weeks   during  the   winter  season)    show  that   the   traffic 

cated  on  the  top  of  the  boiler.     This  pump  is  capable  of  "Pon   improved   State   and   county   highways   from  motor 

a  pressure  of  from  6  to  10  lb.     The  pump  is  connected  buses  and  motor  trucks  amounts  to   14,734,680  miles  for 

with  a  20-ft.  metallic  ^i-'m.  hose,  with  a  S^^-ft.  piece  of  the  40  weeks,  having  60,216,520  ton-mileage.     The  follow- 

34-in.   pipe  at  the   discharge  end.     The   pipe   is  plugged  '"S  figures  show  the  mileage  and  average  speed  for  the 

up  with  a  plug  having  a  slot  cut  in  it  so  that  the  oil  dis-  various  sizes  of  trucks: 

charges   in   a   spray.     The   pipe   also   has   a   throttle   for  Ige'^'or'the 

turning   on   or  shutting  off  the    oil.  Total  load   per  truck  in   tons.                     state  per         Average 

.  year  of  40           speed. 

Ihe   oil   used   in   the   heater  is   hauled   to  the   various  ^                                                                       weeks, 

warehouses  when  hot  and  is  put  into  4-gal.  pressed  steel  iU-i......'iii'!!!''.!iiii!!! !!!!!! !!!!;;'.!!!;       S5S.'720            im 

buckets.   The  oil  cools  very  quickly  and  is  cold  when  it  2^4! :::::.' :;::::::::;: i;:::::;!^:.:::::;:.:::    i.Soso        i?:? 

is  loaded  on  the  maintenance  trucks  to  be  taken  to  the       \iA^^V^'.V^'.'.\'.\'.'.V^'.V.'.'.'.' '.'.'.'.'.' V. i'om'mo  146 

job.     When  the  oil  arrives  at  its  destination,  the  buckets       \\; '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.     i.'8b3.'840  i4.'6 

„„,,.,,  ,,  ,     '  ,,  4% 503.680  14.2 

are  placed  in  two  long  rows  on  the  ground,  one  upon  the       '2 1.005.400  13.9 

other,  so  that  a  fire  may  be  built  between  the   buckets  V^\V^\\\\V^'.V^\V^:^V:^V^V^V^V.'.V.'.'.       X&lw            Ml 

and   the   oil    heated   to   the   necessary   temperature.      Up       H'^ 267;sso  iiis 

t„      .         ,     .  ^.  ,  •         ,    ..       ,         ,    ,,  .,  < 633,960  13.2 

to  about  two  months  ago  wood  was  used  to  heat  the  oil,       I'ti 132.8SO  13.6 

but  at  the  present  time  the  oil  is  heated  by  a  distillate  s^::.:::: :::'.:: :::::::::::::::::::::::::::::     ^ImoS        lis 

and   water   burner   invented    bv   one   of   the    foremen    of       ■! '.'...'.'.'.'.       sao'.oso  i2'.'9 

*  ^fl                                                                                                       529  280                  13  3 

paved  ways  gang.     The  burner  occupies  very  little  room  n'.'.'.'.'.'.'.'.l'.'.'.'-'.'.'.'.'.'.WW'.lV.'.'.'.'.'.'.W'.'.W'.W'.'.          slsso            ii!? 

and  oil  is  easily  heated  in  15  minutes  to  500°  F.  dur-  J'^;::::::;:::::;::::::.:::::;:::;:;;;;::::;:      d'Mo        i"? 

ing  rain  or  shine.     The  burner  is  especially  efficient  in  i-3.iii..ii.i...!ii.' .'!.'.'!.';.'.'.".'!;.'.'.;.'! ;;.'.'.'.;!          4!640            io!o 

winter,  as  it  does  away  with  using  wet  wood  for  a  fire.  v,'.'.'.'.'.'.'.'.'.'.'.'.'.l][[\\'.[[\['.'.[['.[[[l['.['.][['.['.[          Imq            io!o 

With  this  new  heater  about  80  buckets  of  oil  may  be  Tojai                                                        n  734  68O 
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ENGINEERING 
AND       CONTRACTING 


THE  NEW  ORGANIZATION  OF  THE  U.  S.  OFFICE 
OF  PUBLIC  ROADS  AND  RURAL  ENGINEERING. 

On  Nov.  1  the  new  organization  of  the  Office  of  Public 
Roads  and  Rural  Engineering  of  the  U.  S.  Department 
of  Agriculture  went  into  effect.  Under  this  plan  there 
are  two  main  branches  (1)  Engineering  and  (2)  Man- 
agement and  Economics.  The  chief  engineer  has  charge 
of  the  Engineering  Branch.  He  reports  to  the  director, 
and  in  the  absence  of  the  Director  he  becomes  the  Act- 
ing Director. 

The  Chief  of  Managament  has  charge  of  the  Manage- 
ment and  Economics  Branch,  reporting  to  the  Director, 
and  in  the  absence  of  both  the  Director  and  the  Chief 
Engineer  becomes  the  Acting  Director.  The  General  In- 
spectors inspect  field  operations  upon  instructions  from 
the  Director,  and  report  thereon  to  the  Director. 

No  change  can  be  made  in  work  in  progress,  nor  can 
any  new  work  be  undertaken  by  employes  in  either 
branch,  except  by  direction  of  the  chief  of  the  branch 
involved.  No  employe  will  conduct,  except  through  his 
immediate  superior,  any  official  business  with  other  em- 
ployes.    Instructions    to    the    Chief     Engineer    and    the 


terial  Test  and  Research ;  (3)  Farm  Irrigation  Investiga- 
tion; (4)  Farm  Drainage  Investigations;  (5)  Rural  En- 
gineering.  Road  Construction  and  Maintenance  comprises 

(1)  Road  Construction  and  Maintenance  Investigations 
Authorized   in   the   Agricultural   Appropriation   Act,   and 

(2)  Federal  Aid  Road  Construction  and  Maintenance.  The 
first  mentioned  comprises  (1)  Supervision  of  Object  Les- 
son Road  and  Bridge  Construction;  (2)  Co-operative 
Road  Maintenance;  (3)  Maintenance  of  Experimental 
Roads,  and  (4)  Inspection  and  Advice  concerning  vari- 
ous Field  Problems  of  Road  and  Bridge  Construction  and 
Maintenance.  Federal  Aid  Road  Construction  and  Main- 
tenance comprises  (1)  Post  Road  Construction  under  the 
Federal  Aid  Road  Act,  and  (2)  Surveys,  Inspection,  Con- 
struction, and  Maintenance  of  Forest  Roads  under  Sec- 
tion 8  of  the  Federal  Aid  Road  Act. 

The  District  Engineering  Work  comprises  (1)  All  en- 
gineering work  assigned  to  it  by  the  Chief  Engineer,  in- 
cluding Federal  Aid  Roads,  object-lesson  roads,  experi- 
mental roads,  advice  to  state  and  county  officials;  (2) 
All  surveying,  inspection  and  supervision  of  construction 
and  maintenance  work  under  Section  8  of  the  Federal 
Aid  Road  Act  in  the   National  Forests   in   collaboration 


director! 

L.  W.  PAGE 


MANAGEMENT  and  ECONOMICS 
J.  E.  Pennybacker 

Chit/  ot  ManjigvdlenE 


MA.NACEMENT 
J.  £.  PeoQvbacker.  Chief 

Correspondence  and 

Files, 
Cooperation    with    So- 
licitor- 
Accounts 

Editorial  and  Librar)'. 
Quarters  and  Stock. 


ENGINEERING 

ECONOMICS 
J.  E.  Pennybacker.  Chief 

Economic  Investiga- 
tions and  Advice. 

Statistical  Investiga- 
tions. 

Legislative  Investiga- 
tions and  .Advice. 

Lectures  and  Exhibtu. 

Illustrations  and 
.Models. 


GENERAL  INSPECrTION 
T.  Warren  .Mien— E.  W.  James 


ENGINEERING 
P.  St.  J.  Wilson 

Chill  tnam**. 


RO.KD    M.\TERIALS 
TESTS  A.ND  RE- 
SEARCH 
P    Hubbard,  Chief 

Chemical  and  Physical 

Tests- 
Microscopic    Examina- 
tion  and   Classifica- 
tion of  Rocks- 
Standardizatioo     of 
Methods  of  Testing. 
Investigations  of  Non- 
Bituminous   Materi- 
als- 
Research  on  Dust  Pre- 
ventives   and    Road 
Binders. 
Concrete   Investiga- 
tions. 
Field  Experiments. 
Inspection  and  .Advice. 


HIGHWAY     CON- 

STRL'CTION  A.ND 

.MAINTEN.\.NCE 

P.  St.J.  Wilson.  Chief 

Post  Road  Construc- 
tion. 

Forest  Road  Constrtic- 
tioD  and  Mainte- 
nance. 

Object   Lesson  Roads. 

Cooperative  and  Ex- 
perimental NFainte- 
nance. 

Bridges  and  Culverts 

Inspection  and  .Advice 


IRRIG.\TION 
Samuel  Fortier,  Chief 

Utilization    of    Water. 

Power  and  .Appliance. 

Equipment. 

Flow    of   Water  in 

Ditches,    Pipes,    etc 
Duty,    .Apportionment 

and  Measurement  of 

Water. 
Customs,  Regulations. 

and  Law's. 
Drainage  of    Irrigated 

Lands. 
Inspection  and  Advice. 


DR.\INAGE 
S.  H.  McCrory.  Chief 

Farm  Drainage. 
Drainage    of    Swamp: 

and  \\'et  Lands. 
Removal     of     Surplus 

Water. 
Field  Experiments. 
Investigating  and  De- 
eloping  Equipment 
Inspection  and  Advice. 


RUR.\L 

ENGINEERING 

E.  B.  McCormick,  Chief 

Farm    Water    Supply. 

Drainage  Disposal. 

Construction  of  Farm 
Buildings. 

Rural  Engineering 
Problems  Involving 
Mechanica]  Princi- 
ples. 

Traction  Tests. 

Instrument  .Making 
and  Repainng. 

Inspection  and  .Advice. 


Wuh..  On.,  Idab«. 


2nd  DISTRICT 
BMkde,.  C«J. 


3rd  DISTRICT 

Dchtct,  Colo, 
loot.,  Wyo.,  Utah. 


r4th  DISTRICT 
N.D.,  S.  D.,  Mloo.. 


I  5th  DISTRICT 
Nebr.,    Iowa,   Kan. 


6th  DISTRICT 
rexu,  Okla..   Adc. 


7th  DISTRICT 

Soutb  ChlaAo,  01. 

MIcb.,  m.,  Ind.  Kj. 


8th  DISTRICT 


«th  DISTRICT 

Me.,N   H  .Vt  ,S.y. 


loth  DISTRICT 
Wuii][i«taa.  D.  C. 


Chart  of   New  Organization   of  U,  S.   Office  of  Public   Roads  and   Rural    Engineering. 


Chief  of  Management  will  be  given  only  by  the  Director 
or  by  the  Acting  Dii'ector. 

Should  the  Director  find  it  necessary  to  make  a  sug- 
gestion or  give  instructions  to  any  employe  of  either 
branch,  such  employe  will  forthwith  give  to  his  imme- 
diate superior  a  written  memorandum  covering  the  sug- 
gestions or  instructions,  which  memorandum  will  be  sub- 
mitted promptly,  through  the  proper  channels,  to  the 
chief  of  the  branch  in  which  he  is  employed.  This  re- 
striction  does  not  apply  to  General  Inspectors. 

The  organization  is  shown  by  the  chart.  It  will  be 
noted  that  the  highway  construction  and  maintenance 
division  is  divided  into  10  field  districts.  Each  of  these 
is  in  charge  of  a  district  engineer  who  reports  directly 
to  the  Chief  Engineer. 

Thus  far  the  engineers  assigned  to  the  respective  dis- 
tricts are  as  follows: 

P'ii-st  District — L.  I.  Hewes. 
Second  Di.<itrict— C,  H.  Sweetser. 
Third  Pifrtrict— J,   A.  AVhittaUer. 
Fourth  District — E.  O.  Hathaway, 
Fifth  District—,!.  C.  Wonder?. 
Sixth  District — J.  D.  Faitntlerov. 
Seventh  District— J.  T.  Voshell. 
Eighth  District— J.  T.  Bullen. 
Ninth  District— G.  H.  Miller. 
Tenth  District^H.  K.   Bishop. 

The  duties  of  the  Engineering  Branch  comprises  the 
following: 

(1)  Road  Construction  and  Maintenance;  (2)  Road  Ma- 


with  the  Forester;  (3)  Such  studies  of  road  economics, 
made  at  the  request  of  the  Chief  of  Management,  as  are 
assigned  to  the  district  by  the  Chief  Engineer,  and  (4) 
Such  other  duties  as  may  from  time  to  time  be  assigned 
by  the  Chief  Engineer. 

Road  Material  Tests  and  Research  comprises  investiga- 
tions, reports,  and  advice  upon  (1)  the  chemical  and 
physical  character  of  road  materials;  (2)  classification 
of  rocks  according  to  their  mineral  constituents;  (3) 
standardization  of  methods  of  testing  bituminous  and 
non-bituminous  road  materials;  (4)  occurrence  manufac- 
ture, and  properties  of  dust  preventives  and  road  bind- 
ers; (5)  non-bituminous  road  materials;  (6)  the  use  of 
concrete  for  road  and  bridge  purposes,  and  (7)  the  mak- 
ing of  field  experiments. 

Farm  Irrigation  Investigation  comprises  investigations, 
reports,  and  advice  upon  (1)  the  utilization  of  water  in 
irrigation;  (2)  kinds  of  power  and  appliances  for  irriga- 
tion; (3)  the  development  of  irrigation  equipment;  (4) 
the  flow  of  water  in  ditches,  pipes,  etc.;  (5)  the  duty, 
apportionment  and  measurement  of  water;  (6)  customs, 
regulations  and  laws  relating  to  irrigation,  and  (7)  the 
drainage  of  irrigated  lands. 

Farm  Drainage  Investigations  comprises  investiga- 
tions, reports  and  advice  upon  (1)  farm  drainage;  (2) 
the  drainage  of  swamps  and  wet  lands;   (3)  the  removal 
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of  surplus  water;  (4)  the  development  of  drainage  equip- 
ment, and    (5)   the  making  of  field  experiments. 

Rural  Engineer  comprises  investigations,  reports,  and 
advice  upon  (1)  farm  domestic  water  supplies ;  (2)  drain- 
age disposal;  (3)  construction  of  farm  buildings;  (4) 
rural  engineering  problems  involving  mechanical  prin- 
ciples; (5)  traction  tests  on  highways,  and  (6)  construc- 
tion and  repair  of  instruments  used  in  investigative  work. 


COMPARATIVE     ANALYSIS     OF     ECONOMIC 

EFFECT  OF  ROAD  IMPROVEMENTS 

IN  EIGHT  COUNTIES. 

In  order  to  obtain  direct  information  as  to  the  benefits 
and  burdens  imposed  upon  communities  through  the  con- 
struction of  systems  of  improved  roads,  the  U.  S.  Office 
of  Public  Roads,  decided  in  1909  to  make  a  series  of  ex- 
haustive studies  in  selected  counties.  These  studies  were 
designed  to  cover  a  period  of  approximately  5  years,  or 
a  sufficient  period  to  show  the  road  improvement  from 
its  inception  until  such  time  as  the  full  measure  of  its 
usefulness  could  be  demonstrated.  The  counties  selected 
were  Spottsylvania,  Dinwiddle,  Lee  and  Wise  in  Virginia; 
Franklin  in  New  York;  Dallas  in  Alabama;  Lauderdale 
in  Mississippi,  and  Manatee  in  Florida.  These  counties 
had  recently  voted  bonds  for  the  construction  of  im- 
proved roads  and  it  therefore  was  possible  to  make  a 
series  of  studies  to  cover  the  road  improvement  from  the 
outset  to  completion. 

The  information  assembled  during  the  years  1910  to 
1915  regarding  the  work  in  these  counties  has  been  pub- 
lished in  a  bulletin  issued  last  month  by  the  U.  S.  De- 
partment of  Agriculture.  The  bulletin  was  prepared  by 
J.  E.  Pennybacker,  Chief  of  Road  Economics,  and  Mr.  0. 
Eldridge,  Assistant  in  Road  Economics,  of  the  U.  S. 
Office  of  Public  Roads.  A  comparative  analysis  of  the 
more  striking  data  obtained  in  the  respective  studies  is 
given  below: 

Character  of  Bonds  Issued. 
In  some  of  the  counties  comprised  in  the  economic 
studies  bonds  were  issued  on  the  sinking-fund  plan,  and 
in  others  the  serial  method  was  followed.  Analysis  of 
the  methods  followed  in  each  case  brings  out  some  inter- 
esting points.  Spottsylvania  County,  Va.,  issued  $173,000 
of  4.5  and  5  per  cent  bonds  payable  in  30  years,  and 
callable  after  5  years.  It  is  impossible  to  estimate  the 
total  cost  of  retirement  owing  to  the  element  of  variabil- 
ity in  the  rate  of  retirement  under  this  arrangement.  In 
Dallas  County,  Ala.,  the  bonds  amounted  to  $350,000,  pay- 
able in  30  years  at  5  per  cent.  Assuming  the  sinking 
fund  to  bfear  3  per  cent  interest  the  total  financial  burden 
to  the  county  for  interest  and  the  liquidation  of  the 
bonds  during  the  30-year  period  will  be  $745,702.  That 
the  method  of  financing  the  road  improvement  chosen  by 
Dallas  County  is  not  as  economical  as  might  have  been 
selected  is  indicated  by  the  fact  that  an  equal  amount  of 
bonds  at  the  same  rate  of  interest,  if  issued  under  the 
deferred  serial  bond  method,  with  the  first  bonds  payable 
6  years  from  the  date  of  issuance  and  an  equal  amount 
payable  each  year  thereafter  for  24  years,  would  cost  the 
county  at  the  end  of  the  30  years  $665,000,  or  a  differ- 
ence, as  compared  with  the  sinking-fund  method,  of  $80, 
702.  If  4  per  cent  could  be  realized  on  the  sinking  fund 
instead  of  3  per  cent,  the  saving  for  the  deferred  serial 
plan  over  the  sinking-fund  plan  would  still  be  $47,216. 

In  the  case  of  Manatee  County,  Fla.,  the  bond  issues 
aggregate  $250,000  and  run  30  years  at  5  per  cent.  As  in 
this  case  the  sinking  fund  also  yields  5  per  cent  interest, 
the  method  of  bonding  is  reasonably  economical  on  the 
present  basis.  It  is  doubtful,  however,  if  the  sinking 
fund  will  continue  to  bring  such  an  unusual  return,  and 
as  soon  as  a  lesser  rate  of  interest  is  obtained  or  any  of 
the  sinking  fund  is  not  promptly  invested,  the  sinking- 
fund  method  will  become  more  costly  than  the  serial 
method  which  might  have  been  adopted. 

Lee  County,  Va.,  adopted  the  deferred  serial  method, 
and  had  its  bonds  run  from  the  5th  year  to  the  26th  year. 
This  is  the  only  one  among  the  entire  eight  which  ap- 
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pears  to  have  adopted  the  most  prudent  and  economical 
method  of  handling  the  bond  issue. 

In  Wise  County  the  $960,000  of  5  per  cent  bonds  were 
issued  for  30  years,  with  a  20-year  redemption  clause. 
Assuming  that  the  bonds  are  retired  the  25th  year  on  the 
sinking-fund  plan,  with  interest  on  sinking  fund  bearing 
3  per  cent,  the  total  outlay  would  be  $1,858,269.  If  Wise 
County  had  adopted  the  serial  method  with  its  serial  pay- 
ments beginning  with  the  6th  year  and  ending  the  25th 
year,  the  total  cost  would  be  $1,704,000,  a  saving  for  the 
serial  plan  over  the  sinking-fund  plan  of  $154,269.  If  4 
per  cent  could  be  realized  on  the  sinking  fund,  the  sav- 
ing would  still  be  $72,288. 

Dinwiddie  County,  Va.,  issued  $105,000  of  5  and  6  per 
cent  bonds,  payable  in  30  years,  but  the  bonds  are  call- 
able after  20  years.  Assuming  that  they  will  be  retired 
at  the  end  of  25  years  on  the  sinking-fund  plan,  with  in- 
terest on  sinking  fund  at  4  per  cent,  the  total  cost  would 
be  $218,031,  whereas  if  they  had  adopted  the  6-25  year 
serial  method  the  cost  would  be  $201,100,  or  a  difference 
of  $16,931. 

Franklin  County,  N.  Y.,  is  operating  at  a  disadvantage, 
as  its  first  serial  payment  is  not  made  until  the  10th  year. 
This  county  also  has  followed  the  rather  dangerous  meth- 
od of  extending  its  date  of  payment  over  a  long  period 
of  years,  with  the  result  that  the  indebtedness  long  out- 
lines the  estimated  life  of  the  improvements  made.  The 
bonds,  amounting  to  $500,000  at  5  per  cent,  run  from  10 
to  50  years  under  the  deferred  serial  method. 

Lauderdale  County,  Miss.,  which  issued  $500,000  of  5 
and  5^i>  per  cent  bonds,  adopted  the  deferred  serial-bond 
method,  with  the  first  payment  coming  11  years  from  the 
date  of  issue  and  the  last  payment  25  years.  If  the  county 
had  issued  the  bonds  on  the  6-25  year  basis  the  cost 
would  have  been  $906,875,  as  compared  with  the  cost  on 
the  basis  adopted  of  $972,232,  or  a  difference  of  $65,367. 

It  would  seem  that  the  most  economical  form  of  bond 
to  issue  is  the  deferred  serial  with  the  first  payment  at 
the  end  of  the  6th  year  and  the  payments  then  extending 
to  a  final  term  varying  in  length  according  to  local  con- 
ditions, but  never  exceeding  30  years.  By  having  the  first 
payment  deferred  to  the  6th  year  the  county  has  an  op- 
portunity to  complete  its  road  system  and  enjoy  the  bene- 
fits before  beginning  paj-ment,  but  if  the  deferred  period 
is  much  greater  all  of  the  evils  of  the  sinking-fund  plan 
with  no  corresponding  merits  are  adopted.  If  local  com- 
munities throughout  the  United  States  could  profit  by 
these  examples  the  result  would  be  the  saving  of  many 
millions  of  dollars. 

In  one  of  the  counties  it  was  found  that  an  amount 
probably  aggregating  as  much  as  $5,000  had  been  lost  to 
the  county  through  a  premature  sale  of  the  bonds;  that 
is,  in  selling  the  bonds  before  the  funds  actually  were 
needed.  This  resulted  in  the  payment  of  interest  much 
in  excess  of  that  which  could  be  obtained  upon  cash  bal- 
ances in  bank.  Counties  should  pay  due  regard  to  this 
feature  of  road  finance,  even  though  the  necessary  pre- 
cautions would  save  only  a  small  amount. 

Management  of  the  Improvements. 

In  the  eight  counties  selected  several  forms  of  man- 
agement were  in  effect  and  a  noticeable  tendency  was 
demonstrated  on  the  part  of  county  authorities  to  select 
and  designate  for  improvement  a  larger  mileage  of  roads 
than  the  funds  contemplated  were  adequate  to  construct. 
This  was  especially  true  in  those  counties  where  a  con- 
siderable amount  of  grading  was  involved  and  where 
comparatively  expensive  types  of  construction  were  con- 
templated. Naturally  these  faulty  estimates  resulted  in 
dissatisfaction  and  distruct  among  the  taxpayers  and  to 
require  either  additional  heavy  outlays  or  the  leaving  of 
the  project  in  a  partially  completed  state.  Judging  from 
these  examples,  it  is  quite  obviously  essential  that  where 
any  county  contemplates  comprehensive  improvements  in- 
volving large  outlays  and  expensive  types  of  construc- 
tion, the  detailed  advice  and  estimate  of  a  competent 
highway  engineer  be  secured  before  the  people  are  asked 
to  approve  the  bond  issue.    In  the  case  of  the  four  Vir- 
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ginia  counties  the  actual  work  of  constructing  the  roads 
after  the  bonds  were  voted  was  under  the  control  of  the 
state  highway  department,  and  it  appears  that  excellent 
results  were  obtained  commensurate  with  the  outlay  of 
funds;  but  the  Virginia  law  was  evidently  defective  in 
that  no  provision  was  made  for  a  competent  authority  to 
make  estimates  and  to  give  advice  preliminary  to  the 
issuance  of  bonds.  The  Virginia  Legislature  has  since, 
at  its  1916  session,  enacted  legislation  covering  this 
point.  The  experience  of  the  counties  covered  by  these 
studies  indicates  the  wisdom  of  a  statute  in  each  state 
requiring  a  reliable  estimate  upon  which  bond  elections 
should  be  based. 

The  road  construction  in  these  counties  would  seem  to 
bear  out  the  assertion  which  has  often  been  made  that 
from  20  to  25  per  cent  of  the  total  road  mileage  of  a 
county,  if  wisely  distributed,  will  service  traffic  needs  to 
the  extent  of  at  least  80  or  85  per  cent  of  the  total.  In 
one  of  the  counties  included  in  these  studies  it  will  be 
noted  that  the  mileage  is  excessively  large  in  comparison 
with  the  ton-mileage  hauled  over  the  improved  roads.  In 
this  case  it  would  seem  that  the  county  has  overbuilt  its 
improved-road  system  and  that  a  lesser  mileage  would 
have  served  its  traffic  needs. 

A  question  partly  of  management  and  partly  of  finance 
is  involved  in  the  experience  of  the  eight  counties  in  re- 
gard to  road  maintenance.  In  the  study  of  these  eight 
counties  it  was  found  that  Franklin  County,  N.  Y.,  and 
Lauderdale  County,  Miss.,  were  most  effectively  meeting 
the  problem  of  maintenance.  In  the  case  of  Franklin 
County  the  state  was  directly  concerned  in  the  main- 
tenance of  the  roads  and  had  complete  control  over  such 
work  on  some  of  the  roads  and  an  indirect  control  over 
other  roads,  thus  applying  to  the  task  a  skilled  manage- 
ment, the  details  of  which  are  explained  in  the  chapter 
on  Franklin  County.  In  Lauderdale  County,  Mississippi, 
the  work  is  conducted  under  an  excellent  provision  of 
law  which  specifies  that  an  amount  of  not  less  than  1 
mill  on  the  dollar  shall  be  levied  to  provide  a  mainte- 
nance fund  for  all  of  the  roads  constructed  by  means  of 
bond  issues,  and  this  fund  is  to  be  kept  separate  from 
all  other  county  funds  and  can  be  used  only  for  mainte- 
nance. As  a  result  'of  this  law  the  Lauderdale  County 
roads  are  not  only  in  as  good  condition  today  as  when 
completed,  but  have  been  actually  improved.  Thus  the 
county's  investment  in  good  roads  has  not  been  allowed 
to  deteriorate  in  the  slightest  degree. 

The  1916  Virginia  Legislature  has  met  the  mainte- 
nance situation  by  providing  that  an  annual  tax  of  not 
less  than  3  per  cent  of  the  amount  of  bonds  issued  shall 
be  levied  to  provide  a  maintenance  fund.  A  conspicuous 
example  of  an  emergency  situation  with  reference  to  road 
maintenance  is  afforded  by  Spotsylvania  County,  where 
no  provision  was  made  for  maintenance  of  the  bond-built 
roads.  It  was  found  that  rapid  deterioration  was  taking 
place  and  that  insufficient  funds  existed  with  which  to 
meet  the  situation.  Accordingly  toll  gates  were  estab- 
lished on  the  principal  roads  and  a  sufficient  revenue 
was  derived  from  this  source,  not  only  to  maintain  the 
roads,  but  to  actually  extend  the  construction  a  short  dis- 


tance. This  reversion  to  a  system  long  since  abolished 
by  most  countries  is  partly  due  to  the  Virginia  adminis- 
trative and  fiscal  organization,  under  which  the  cities 
of  the  State  are  not  taxed  for  county  purposes  (although 
they  may  aid  in  the  improvement  of  roads  for  a  distance 
of  10  miles  from  the  city  limits  if  the  City  Council  so 
elects).  Thus  it  came  about  that  while  the  city  of  Fred- 
ericksburg, in  Spotsylvania  County,  contributed  no  part 
of  the  financial  burden  of  maintaining  the  roads,  it  was, 
because  of  the  heavy  automobile  traflfic  emanating  from 
that  point,  a  very  destructive  element  to  the  county  road 
system.  In  view  of  the  very  rapid  development  of  motor 
vehicles  during  the  past  decade  and  the  prospects  of 
much  more  widespread  use  of  this  means  of  transporta- 
tion in  the  future,  the  desirability  of  making  provisions 
so  that  the  cities  may  aid  in  the  construction  and  main- 
tenance of  roads  in  the  surrounding  territory. 

As  to  the  quality  of  supervision,  it  would  seem  that 
there  is  little  room  for  criticism  in  any  of  the  eight  coun- 
ties. The  work  in  the  four  Virginia  counties  was  directed 
by  a  resident  engineer  from  the  State  highway  depart- 
ment, while  the  work  in  Dallas,  Lauderdale,  and  Ma- 
natee Counties  was  all  directed  by  special  highway  com- 
missions, who,  without  exception,  selected  competent  en- 
gineers and  accomplished  most  commendable  results. 
Franklin  County,  New  York,  was  fortunate  in  having 
for  the  direction  of  its  work  a  competent  county  superin- 
tendent, who  possessed  all  of  the  practical  and  technical 
qualifications  for  the  successful  management  of  the  work. 

Economic  Benefits  to  the  Respective  Counties. 

In  arriving  at  an  estimate  of  the  benefits  which  a 
county  receives  through  the  improvement  of  its  public 
roads,  certain  factors  must  be  taken  into  account  more 
as  the  media  by  which  the  benefits  may  be  measured  than 
as  the  actual  benefits  themselves.  While  it  is  realized 
that  the  increase  in  the  value  of  land  must  not  be  added 
to  the  saving  in  hauling  costs,  the  convenience  and  ac- 
cess to  schools,  markets,  churches,  etc.,  but  is  rather  the 
effect  produced  by  those  causes,  it  is  perhaps  the  best 
index  which  can  be  obtained  as  to  the  economic  value 
of  the  roads  to  the  community.  A  study  of  the  increase 
in  the  values  of  farm  lands  in  the  eight  counties  reveals 
the  rather  interesting  fact  that  following  the  improve- 
ment of  the  main  market  roads  the  increase  in  the  sell- 
ing price  of  tillable  farm  lands  served  by  the  roads  has 
amounted  to  from  one  to  three  times  the  total  cost  of 
the  improvements.  The  increase  in  values  in  those  in- 
stances which  were  recorded  ranged  from  63  per  cent 
to  80  per  cent  in  Spotsylvania,  from  68  to  194  in  Din- 
widdle, 70  to  80  in  Lee,  25  to  100  in  Wise,  9.  to  114  in 
Franklin,  50  to  100  in  Dallas,  25  to  50  in  Lauderdale,  and 
from  50  to  100  in  Manatee.  The  estimates  of  increase 
were  based  for  the  most  part  upon  the  territory  within 
a  distance  of  one  mile  on  each  side  of  the  roads  improved. 
These  estimates  are  not  claimed  to  be  mathematically 
exact,  but  it  is  believed  that  they  will  give  a  fairly  ac- 
curate indication  of  the  results  which  may  be  expected 
under  similar  conditions.     , 

In  dealing  with  the  effect  of  road  improvement   upon 
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the  hauling  of  commodities,  the  method  has  been  adopted 
of  ascertaining  the  traffic  area  served  by  each  road  much 
in  the  same  manner  as  the  drainage  area  of  a  stream  is 
ascertained.  After  determining  such  areas  the  character 
and  amount  of  production  is  ascertained  and  an  esti- 
mate is  made  as  to  the  proportion  of  the  tonnage  pro- 
duced which  is  hauled  upon  the  roads.  A  further  in- 
vestigation is  made  as  to  shipments  by  rail  in  and  out 
of  the  county  and  information  is  obtained  from  United 
States  census  reports  and  from  merchants  and  producers 
to  verify  the  results  obtained  from  the  traffic-area  cal- 
culation and  the  freight-tonnage  inquiry.  In  some  cases 
an  actual  traffic  count  or  census  is  taken  to  determine 
the  tonnage  hauled  upon  the  roads.  From  these  various 
sources  it  is  possible  to  arrive  at  a  reasonably  accurate 
estimate  of  the  tonnage  hauled  over  the  improved  roads. 
It  is  a  comparatively  easy  matter  to  determine  the  aver- 
age length  of  haul  in  each  case  and  the  prevailing  rate 
of  wages  for  men  and  teams.  With  these  factors  the 
total  tonnage,  the  total  ton-mileage,  and  the  cost  per 
ton-mile  before  and  after  the  improvement  of  the  roads 
are  computed.  The  saving  to  traffic  represented  by  the 
road  improvement  is  thus  expressed  in  dollars.  It  is  of 
course  realized  that  the  figures  given  do  not  represent 
an  actual  "dollars  and  cents"  saving,  as  many  of  the 
men  and  teams  figured  in  on  a  wage  basis  might  have 
been  idle  if  they  had  not  been  engaged  in  hauling  the 
products  of  farm  and  forest.    But  they  at  least  indicate 
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(Sand-clay   >$1.150-$1.500 

1  Gravel    >2,000-  2,500 

Gravel,    sand-clay. 

top-soil    1.300-  1.700 

1  Earth    '3.000.  3.500 

1  Macadam    '6.000-7.000 

r  Earth     5.700 

J  Macadam  9,200 

!  Bituminous    sur- 

[face    treatment..  400 

(Gravel    1.900-  2.500 

■(Macadam   3.000-  4,000 

(  Gravel    3.000.  3.600 

i  Sand -clay    1.500-  1,800 

1  Gravel-macadam    4.000-  6.000 

i  Sand-clay   1.700-  2,000 

r  Marl-rock     mac- 

I      adam    3,800 

.;  Flint-rock     mac- 

I  Shells    2.400 

I      adam   4.700 


the  saving  in  time  and  energy,  and  these  have  a  mone- 
tary value.  Therefore  the  saving  to  traffic  in  each  county 
is  stated  for  the  purpose  of  indicating  to  the  readers  of 
this  bulletin  a  relative  figure  by  which  they  can  deter- 
mine the  waste  due  to  a  system  of  poor  roads.  Consid- 
ering the  eight  counties  in  the  aggregate,  the  gross  an- 
nual saving  in  hauling  costs  due  to  their  good-roads  sys- 
tems affords  the  rather  impressive  total  of  $627,409  for 
a  traffic  of  3,489,652  ton-miles.  The  average  gross  sav- 
ing per  ton-mile  for  the  eight  counties  is  17.8  ct.,  this 
being  indicated  by  an  average  rate  of  33.5  ct.  before  the 
roads  were  improved,  as  compared  with  15.7  ct.  after 
the  roads  were  improved. 

In  order  to  determine  the  net  saving  on  a  ton-milage 
basis,  it  is  necessary  to  deduct  from  the  gross  saving 
the  estimated  annual  outlay  for  interest  and  retirement 
of  the  bonds  and  for  interest  on  the  value  of  aid  received 
from  the  State  or  from  any  source  other  than  the  bond 
issue.  Table  I  gives  not  only  the  gross  saving  per  ton- 
mile,  but  also  the  net  saving  after  taking  into  account 
the  cost  of  the  improvements  on  this  basis.  It  should 
be  borne  in  mind  that  the  estimated  annual  outlay  for 
interest  and  retirement  of  principal  may  not  conform 
strictly  to  the  practice  which  may  be  followed  in  the 
respective  counties,  as  instead  of  levying  the  amount 
which  would  be  mathematically  correct  for  this  pur- 
pose, they  may  raise  an  unnecessarily  large  amount  or 
an  utterly  inadequate  amount  from  year  to  year.  The 
table  is  based  upon  the  amounts  they  should  levy  each 
year  to  retire  the  bonds  under  the  plan  by  which  the 
bonds  were  issued.  The  annual  cost  of  maintenance 
should  be  considered  as  a  partial  offset  to  the  saving 
in  hauling  costs  if  the  outlay  for  maintenance  is  greater 
after  the  roads  are  improved  than  before  improvement. 
That  the  cost  is  greater  after  improvement  can  scarcely 
be  doubted,  as  real  maintenance  was  scarcely  in  effect 
at  all  before  the  roads  were  improved.  Definite  cost  data 
on  maintenance  of  a  comparative  value  for  all  the  coun- 
ties are  lacking,  and  are,  therefore,  not  taken  into  ac- 
count in  the  table. 

A  comparison  of  the  effect  of  the  road  improvement 
upon  country  schools  affords  probably  a  more  complete 
vindication  of  the  outlay  than  even  the  material  features 
which  have  been  presented.  Combining  the  results  ob- 
tained in  all  of  the  eight  counties,  it  appears  that  be- 
fore the  roads  were  improved  the  average  school  at- 
tendance was  66  pupils  of  each  100  enrolled,  as  com- 
pared with  76  after  the  roads  were  improved.  A  consid- 
eration of  this  showing  must  reveal  the  fact  that  the 
good  roads  have  been  materially  responsible  for  the  ed- 
ucation of  10  children  out  of  each  hundred.  Not  only 
have  the  roads  contributed  toward  a  larger  school  at- 
tendance, but  they  have  been  quite  instrumental  in  lift- 
ing the  standard  of  instruction  by  making  easier  the 
consolidation  of  little  one-room  schools  into  graded 
schools.  In  Dinwiddie  County  the  system  of  taking  the 
children  to  and  from  school  by  means  of  wagons  has  been 
adopted  since  the  roads  were  improved. 

Taking  it  from  all  of  these  angles,  the  experience  of 
the  eight  counties  has  demonstrated  that  the  beneficial 
effects  of  the  road  improvement  justified  the  outlay,  and 
that  while  more  efficiency  and  economy  might  have  been 
obtained  in  some  cases,  the  loss  was  not  such  as  to  make 
the  citizens  of  any  of  the  counties  feel  that  the  move  for 
better  roads  had  been  an  unwise  one. 


TABLE  n*.— ROAD  BONDS  AND  TAXATION  DATA. 
Bonded  debt  incurred  for  roads. 


Virginia: 


St;ite  and  county. 


Spotsylvania '5173.000 


Dinwiddie 

Lee    

Wise    

New  York.  Franklin 

-Alabama.  Dallas   

^'ississippi.  Lauderdale 
Florida.   Manatee   


Per  $100 

Interest 

Average  rate  of 

tax  per  $100  of  as- 

Total  to 

assessed 

Term  of 

rate  on 

sessed 

valuation. 

to  1913. 

Per 

valua- 

bonds  in 

bonds. 

^— .MI  purposes?-^ 

,— Read 

bonds-~, 

inclusive. 

capita. 

tion  (1915). 

years. 

per  cent. 

1910. 

1915. 

1910. 

1915. 

'5173.000 

J10.93 

$4.97 

'5-30 

4%-5 

$1.20 

$1.70 

»$0.45 

$0,625 

in.:. 000 

2.6<i 

1.75 

'20-30 

5     -6 

1.20 

1.20 

.10 

453.000 

19.08 

9.13 

•■•3-26 

•=;% 

1.40 

1.96 

J 

.61 

9i;o.ono 

28.10 

7.04 

•20-30 

5 

1.40 

1.762 

0.30 

.562 

.sno.nno 

10.92 

3.66 

"10-50 

4V4-5 

(") 

(') 

(•> 

(•) 

3-.0.000 

6.37 

2.48 

'30 

:» 

1.35 

1.40 

•.176 

SfK)  000 

10.65 

3.08 

no-25 

5     -5% 

1.54 

1.66 

.16 

250.000 

26.17 

3.09 

"30 

5 

2.65 

2.60 

.70 

.30 

■Amount  authorized  but  only  $140,000  sold.  'Callable  after  5  years,  '.•\veragc  for  two  districts  only.  'Deferred  serial  with  sinking-fund  pro- 
vision. ^Deferred  serial.  "Ta-^es  levied  by  towns  and  vary  In  each.  'Sinking  fund.  'No  special  levy  made  for  road  bonds,  but  an  average  rate 
of  17.6  cents  on  the  $100  will  pay  interest  and  create  sinking  fund  with  which  to  retire  bonds  in  30  years. 
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ENGINEERING 
AND      CONTRACTING 


METHOD     AND     COST     OF     GROUTING 
PAVEMENTS. 


BRICK 


The  Illinois  State  Highway  Department  has  particu- 
larly specific  reciuirements  for  grouting  of  the  brack  pave- 
ments in  State  highway  work.  These  instructions  are 
given  in  the  standard  specifications  as  follows: 

The  cement  grout  used  In  filling  the  joints  In  the  brick  surface 
shall  consist  of  1  part  hy  volume  of  Portland  cement  and  1  part  sand, 
the  materials  to  be  of  the  character  specified  herein.  The  sand  and 
the  cement  shall  be  first  mixed  dry  in  a  suitable  box.  After  the  sand 
and  cement  have  been  mixed  dry  to  a  uniform  color,  water  shall  be 
added  slowly  and  the  mixing  continued  until  the  mortar  is  uniform 
and  of  a  consistency  thinner  than  thin  cream.  During  the  spreading 
of  the  mortar  on  the  pavement  surface,  the  mortar  in  the  box  shall 
be  constantly  stirred  and  shall  be  deposited  on  the  brick  by  means  of 
scoop  shovels.  Before  the  cement  grout  is  spread,  the  brick  surface 
shall  be  thoroughly  wetted.  Mortar  shall  then  be  poured  on  the 
surface  from  the  scoop  shovels  and  immediately  brushed  into  the 
openings  between  the  brick  with  a  coarse  rattan  broom,  the  broom 
being  worked  across  the  rows  of  brick  in  a  diagonal  direction.  The 
operation  of  filling  the  joints  shall  be  carried  along  continuously  until 
abo,ut  200  feet  of  the  roadway  has  been  treated.  The  gang  shall  then 
be  taken  back  to  the  point  of  starting  and  the  surface  gone  over  a 
second  time  in  the  same  manner,  except  that  the  consistency  of  the 
mortar  shall  be  somewhat  thicker  than  that  which  was  used  for  the 
first  filling  of  the  joints,  and  except  also  that  a  squegee  shall  be 
substituted  for  the  coarse  rattan  broom  for  brushing  the  mortar 
into  the  openings  between  the  brick.  As  many  different  applications 
of  the  mortar  shall  be  made  as  are  deemed  necessary,  in  order  to 
fill  completely  the  opening  between  the  bricks,  and  each  successive 
application  after  the  first  one  shall  be  attended  by  the  use  of  the 
squegee  Instead  of  the  rattan  broom.  "When  completed,  there  shall 
be  practically  no  excess  mortar  on  the  surface  of  the  brick,  but  all 
joints  shall  be  filled  flush  with  the  surface  of  the  pavement.  As 
soon  as  the  joints  have  been  filled  the  second  time,  the  surface  shall 
be  inspected,  and  if  approved  shall  be  covered  with  sand  and  kept 
wet  for  ten  days,  and  the  contractor  shall  permit  no  traffic  on  the 
roadway  for  3  weeks.  The  grout  filler  shall  not  be  applied  during 
freezing  weather,  and  if  freezzing  weather  occurs  within  one  week 
after  the  filler  is  applied,  the  contractor  shall  permit  no  traffic  on  the 
roadway  until  authorized  by  the  engineer  to  do  so.  The  entire  op- 
eration of  grouting  the  bricks  shall  be  carried  on  in  longitudinal  sec- 
tions of  the  road.  "While  being  grouted,  each  section  of  the  pavement 
is  to  be  separated  from  the  immediately  adjacent  section  by  tin  head- 
ers being  placed  between  two  adjacent  courses  of  brick  and  extend- 
ing entirely  across  the  width  of  the  pavement.  These  tin  headers 
shall  be  effective  to  the  end  that  the  grouting  of  the  bricks  in  any 
particular  section  shall  be  ended  against  a  vertical  plane. 

Further  details  regarding  the  Illinois  procedure  in 
applying  the  grout  have  been  furnished  us  by  Mr.  H.  E. 
Bilger,  Road  Engineer  of  the  State  Highway  Department. 

The  all-important  matter  in  the  entire  process  of  grout- 
ing is  to  make  sure  that  the  grout  extends  entirely  to  the 
bottom  of  the  brick.  When  a  sand  cushion  is  used  for  the 
brick,  this  is  practically  impossible,  inasmuch  as  after 
the  brick  are  rolled,  there  will  be  at  least  V'2  in.  of  sand 
come  up  between  them,  so  it  would  probably  be  better  to 
say  that  when  the  sand  cushion  is  used,  the  first  essential 
to  secure  a  first  class  job  in  grouting  is  to  see  that  the 
sand  is  not  rolled  up  between  the  brick  more  than  V2  in. 
Having  rolled  the  brick  and  kept  the  sand  cushion  down 
to  the  permissible  limit,  the  first  application  of  grout 
should  extend  entirely  to  the  bottom  of  the  brick.  In 
order  to  insure  this,  it  is  necessary  that  the  first  applica- 
tion be  mixed  exceedingly  thin;  in  fact,  practically  tha 
only  difference  between  it  and  water  is  the  color.  If  the 
first  application  is  kept  thin  and  the  grout  is  kept  stirred 
continually  while  it  is  being  scooped  from  the  box,  it  will 
approach  as  nearly  as  possible  what  might  be  called  "fool 
proof"  work.  It  will  be  thin  enough  to  go  to  the  bottom 
of  the  brick  of  its  own  accord,  filling  up  not  only  all  the 
cross  joints  between  the  brick,  but  also  the  joints  at  the 
ends  as  well. 

Some  people  have  made  objection  to  the  swelled  ends 
on  certain  types  of  bricks,  but  if  the  first  application  of 
grout  is  properly  mixed,  there  is  practically  no  chance 
whatever  for  either  the  end  joints  or  the  side  joints  to 
escape  being  completely  filled. 

In  mixing  this  thin  mortar,  there  should  not  be  added 
a  great  deal  of  water  at  first,  but  just  enough  to  make  a 
thin  mi.xture.  While  it  is  being  thoroughly  mixed,  more 
water  is  gradually  added  until  it  is  thinned  down  to  the 
proper  consistency.  If  all  the  water  is  added  at  one  time, 
it  makes  it  exceedingly  hard  to  keep  the  sand  and  the 


cement  from  separating  in  the  box.  It  would  appear  that 
the  best  box  for  this  purpose  is  the  one  recommended  by 
the  National  Brick  Manufacturers  Association.  Many 
boxes  in  use  have  too  steep  a  slope  with  the  consequent 
tendency  for  the  sand  to  sink  to  the  bottom  in  the  lowest 
corners.  When  this  occurs,  the  contents  of  the  box 
should  be  dumped  out  to  one  side  and  never  onto  the 
pavement.  It  does  not  have  enough  cement  to  make  a 
grout  of  the  proper  consistency,  but  even  worse  than  this 
is  the  fact  that  after  it  is  thrown  out  on  the  pavement  it 
will  fill  the  joints  at  the  top  and  will  not  allow  the  grout 
to  get  down  to  the  bottom  of  the  brick.  In  making  the 
first  application,  the  joints  should  be  completely  filled  but 
after  settling,  the  grout  will  probably  lack  from  Vo  to  % 
an  in.  of  reaching  the  top  of  the  brick.  As  the  second 
application  of  the  grout  is  of  a  thicker  consistency  than 
the  first,  it  is  essential  that  the  joints  all  be  filled  at  the 
first  application  in  order  to  insure  that  the  second  appli- 
cation will  flow  into  and  fill  the  remaining  spaces. 

The  first  application  of  grout  is  broomed  ahead  and  into 
the  joints  with  a  heavy  rattan  street  broom.  The  second 
and  all  subsequent  applications  that  may  be  needed  are 
pushed  ahead  with  the  squeegee.  Considerable  mortar  is 
generally  left  on  top  of  the  brick  after  the  second  applica- 
tion to  fill  any  low  joints  which  may  develop,  rather  than 
being  obliged  to  bring  the  boxes  back  again.  This  mate- 
rial is  not  allowed  to  take  its  initial  set  before  being 
finally  finished,  but  it  is  generally  necessary  to  add  a  lit- 
tle water  to  it  in  order  to  stiffen  it  up  a  trifle. 

Of  the  two  functions  of  the  squeegee  in  finishing  a  brick 
pavement,  one  of  them  is  to  leave  the  surface  smooth  and 
the  other,  which  is  equally  important,  is  to  work  all  the 
air  bubbles  out  of  the  grout.  In  order  to  insure  that  all 
these  bubbles  are  worked  out  of  the  grout,  there  should 
be  at  least  one  trip  made  over  the  pavement  with  the 
squeegee  where  no  attempt  is  made  to  finish,  just  simply 
starting  the  men  down  the  stretch  of  pavement,  one  fol- 
lowing the  other,  pushing  the  squeegee  back  and  forth, 
until  the  entire  length  of  the  pavement  has  been  covered. 
At  the  final  finishing  of  the  pavement,  the  squeegee 
should  be  pulled  rather  than  pushed  so  that  the  men  will 
not  track  up  the  newly  finished  surface.  It  should  be 
pulled  at  an  angle  of  about  45  degrees  with  the  joints  in 
the  brick  in  order  that  it  will  not  dig  out  the  grout  from 
between  the  brick  and  leave  same  lower  than  the  general 
surface  of  the  pavement. 

Quantity  of  Grout  Required  per  Unit  Area. — With  a 
grout  composed  of  1  part  cement  and  1  part  sand,  it  has 
been  found  that  1  barrel  of  cement,  with  an  equal  volume 
of  sand,  will  make  sufficient  grout  to  cover  the  areas  be- 
low under  the  two  types  of  bed  for  the  brick: 

4-IN.   BRICK  ON  ORDINARY  SAND  CUSHION. 

32  sq.  yd.  it  repressed  brick  is  used. 
24  sq.  yd.  if  wire-cut  lug  brick  is  used. 

4-IN.  BRICK  ON  %-IN.  MORTAR  BED. 
30  sq.   yd.   if  repressed  brick  is  used. 
22  sq.  yd.  if  wire-cut  lug  brick  is  used. 

It  will  be  noted  that  by  using  the  mortar  bed  instead 
of  the  customary  sand  cushion,  an  equal  volume  of  grout 
covers  a  smaller  number  of  square  yards,  this  being  due 
to  the  fact  that  when  the  sand  cushion  is  used,  some  of 
the  sand  finds  its  way  up  between  the  brick  and  prevents 
the  entrance  of  the  grout  for  the  full  depth  of  the  brick. 

It  has  been  found  that  10  gals,  of  water  are  necessary 
to  build  complete  a  4rin.  brick  pavement  with  a  grout 
filler  on  a  4-in.  concrete  base. 

Labor  Cost  for  Grouting  Brick. — In  some  of  the  state 
jobs  the  labor  cost  varies  from  about  1.6.  cts.  per  square 
yard  to  3.9  cts.  These  matters  are  so  dependent  upon  the 
efficiency  of  the  organization  rather  than  upon  the  rate 
per  hour,  that  the  cost  is  largely  dependent  upon  the 
foreman  in  charge.  As  a  fair  average  figure  for  estimat- 
ing purposes,  Mr.  Bilger  states  that  when  labor  is  25  cts. 
per  hour,  the  actual  labor  cost  without  making  any  allow- 
ance for  overhead,  etc.,  is  about  2^3  cts.  per  square  yard 
of  brick  pavement. 
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DETAILED    COST     OF     BITUMINOUS     SURFACE 
TREATMENT  WORK  AT  PHILADELPHIA. 

During  1915,  149.1  miles  of  waterbound  macadam  roads 
were  given  surface  treatment  by  the  Bureau  of  High- 
ways of  Philadelphia,  Pa.,  and  111  miles  of  rgads  were 
given  dust  layer  treatment.  The  average  cost  of  the 
bituminous  treatment  work  has  shown  a  steady  decrease. 
In  1913  it  was  7.3  ct.  per  square  yard;  in  1914,  5.8  ct. 
and  in  1915,  5.03  ct.  The  reduced  cost  has  been  due  both 
to  the  increased  efficiency  in  the  methods  of  performing 
the  work  and  to  the  decreased  amount  of  bituminous 
materials  used. 

When  bituminous  surface  treatments  were  first  started 
bv  the  Bureau  in  1912  there  were  only  a  few  of  the  water- 


30      c?    oo 


s 

p. 

e 

— ■« 

■*-* 

«  >, 

u 

■* 

^ 

•  ■o 

e-; 

;    O 

;  ■.*^. 

o 

o 

««■ 

««■ 

rHOSl 

M 

IM 

O       LA 

®       © 

o 

ooo 

d 

o 

aaTinbs  jad   jsod    ooooSoooooSooo 


ec 

^ 

o 

o 

o 

c 

«^ 

M- 

Applying  stone  chips,  tollowins  the  application  of  the  bitumiuous  roalcri 


Sequence  of  Operations  in  Bituminous  Surface  Treatment  Work  at 
Philadelphia. 

bound  macadam  roads  in  condition  to  warrant  this  treat- 
ment. The  efforts  of  the  Bureau,  however,  in  repairing 
the  roads,  have  been  so  successful  that  at  the  present 
time  practically  all  the  waterbound  macadam  highways 
have  received  bituminous  surface  treatment.  The  roads 
which  are  not  in  good  repair  are  covered  with  a  road  oil 
which  serves  as  a  dust  layer.  This  material  is  seldom 
used  on  the  waterbound  macadam  roads,  but  it  is  still 
employed  quite  extensively  on  the  dirt  roads  where  it 
minimizes  the  dust  nuisance.  The  roads,  in  general,  are 
treated  once  a  year  with  bituminous  material  and  given 
a  coat  of  gravel  or  chip.  The  method  of  operation  is 
shown  in  the  accompanying  illustration.  Table  I,  re- 
printed from  the  annual  report  of  William  H.  Connell, 
Chief  of  the  Bureau,    shows    the    detailed  cost    of    the 
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ENGINEERING 
AND      CONTRACTING 


bituminous  surface  treatment  work  for  1915.  The  aver- 
age labor  cost  per  square  yard  for  the  hand  and  ma- 
chine sweeping,  covering  and  cleaning  up  during  1915 
was  $0.0105,  as  compared  with  $0.0203  in  the  previous 
year. 

The  unit  costs  of  labor  and  material  during  1915,  1914 
and  1913  were  as  follows: 

, Unit  costs ^ 

Labor  and  material.                                                        IMS  1914.  1913. 

Torpedo  ffravcl.  per  2,000  IKs..  delivered  jn  road. .$2.03  $2.1-1  52.60 

Trap  roclc  chips,  per  2.000  lbs.,  delivered  on  road.  1.9I_  2.30  2.30 

Tan-la  A,  per  K'.iUon  applied 0S5           .085  .085 

Tarvia  B.  per  gallon  applied 0692         .07  .07 

U!jite  hot.    per  gallon   .•ii)i)lied 08            .09  .09 

T'Kite  cold,  per  fjallon  applied OG             .OS  .OS 

Asphalt  cutback,   per  gallon   applied 0i91         .114^  .1- 

.X.sphalt   road  oil.    per  gallon  applied „-S;'°*  o'S^-"  VAA 

Laborers,   per  S-hour  day 2.00  2.00  2.00 

Foremen,  per  S-hour  day. 4.00           4.00  4.00 

.\ssistant   foreman,   per  S-hour  day ^.00  .J.ou  6.m 

Teams,  per  S-hour  day 4.4S           i.i^  a.iU 

DETAILED  COST  OF  GRAVEL  ROAD 
MAINTENANCE. 

The  accompanying  tabulation  (Table  I)  reprinted  from 
the  recently  issued  report  of  the  State  Highway  Commis- 
sion of  Maine  for  1915  shows  the  distribution  of  cost  of 


',',  years  ago  and  has  proved  successful  both  as  regards  to 
wear  and  the  assuring  of  a  foothold  for  horses. 

The  pavement,  as  will  be  noted  from  the  plan  and  sec- 
tion shown  herewith,  has  a  30-ft.  roadway.  The  center 
lOVa  ft.  is  surfaced  with  asphaltic  concrete  for  the  con- 
venience of  automobiles.  On  each  side  the  roadway  is 
paved  with  corrugated  armored  concrete.  J.  D.  Welt 
is  Assistant  City  Engineer  of  Birmingham. 


STREET   CLEANING  WITH  VACUUM  CLEANERS 
AT  ST.  LOUIS,  MO. 

During  the  past  summer  the  Street  Division  of  the 
Department  of  Streets  and  Sewers  of  St.  Louis,  Mo.,  con- 
ducted a  60-day  experimental  test  of  a  vacuum  street 
cleaning  outfit.  This  plant  was  owned  by  the  Way- 
Cleanse  Co.  of  Sandusky,  0.,  and  consisted  of  a  machine 
for  cleaning  in  gutters  and  a  patrol  machine  for  clean- 
ing the  remainder  of  the  street.  The  following  conclu- 
sions based  on  this  experimental  run  are  taken  from  the 
report  of  C.   M.  Talbert,   Director  Department  of  Street 


TABLE  I.— DISTRIBUTION  OF  COST  OF  MAINTENANCE  OF  GRAVEL  ROADS  ON  STATE  HIGHWATS,  1915. 


Town. 


ui 


KK 


Fryeburg    

Woolwich     

Wi.'^casset    

Waldoboro    .  . . . 

Marren     

Northport    ...... 

-Vuburn     

Greene    

Leeds    

Monmouth 

Wiiithrop     

Farmington    . . . 

.Strong     

Newport    

Carniel    

Do\  er    

I-Ioulton    

New   Limerick 

Trenton    

Whiting     

Oxford    


S.71 

5.68 

$  2.97 

$  2. 88 

0.94 

5.7S 

7.09 

7.67 

5.86 

8.55 

7.65 

4.60 

2.28 

1.00 

1.45 

4.SS 

4.34 

2. SO 

.33 

a.62 

3.91 

4.30 

6.96 

1.75 

b.72 

(tS)Q 

5.46 

2.72 

6.69 

6.02 

7.54 

0   9^, 

3.77 

$      82,88     $ 


S2. 
ISO. 
114. 

70. 

36. 

78. 

65. 

72. 


20. 

44. 
15S. 

46. 

22. 

64. 
109, 


40 
25 
26 
98 
89 
74 
13 
85 
97 
64 
66 
,24 
£2 
,27 
.74 
.44 


192.56 

132.30 

98.13 

208.74 

82.84 

123.83 

215.25 

61.74 

37.52 

50.51 

20.33 

59.29 

45.17 

135.72 

66.38 

57.05 

8.52 

63.84 

146.42 

110.31 

21.34 


24.33 
44.75 


23.00 

30.00 

2. 88 


40.75 


Totals     

Percentages  ... 
Cost  per  mile. . 

*Sand-clay. 


108. SS 


$17.24     $37.61     $1,4S0.57 
.18S         .41  16.1 

.15S         .345  13.60 


$1,937.79     $177.58 
21.1  1.93 

17,79  1.63 


-^»  1>             J              S  " 

SS>  ■2-0          -og            2  go 

83.30  $     0.64     :...     $    276.49 

S)6.09  ' 278.77 

109.83  275.58 

177.86  61.13 

82.9"  79.31 

56.82  9.88     107.85 

102.75  1.00     $372. IS     $21.75  318.12 

10.44  1S6.06     80.92 

22.55  73.00     122.65 

46.67  28.07 

19.23  2.00     72. OS 

227.03  2.88     281.00 

14.43  11.85 

27.28  148.50 

20.16  5.92     339.41 

41. 7S  25.01 

10.88  23.41 

19.35      39.62 

43.00  126.47 

34.84  135.68     30.67  6S1.S9 

10.98  »75.67 

$1,258.24  $367,06     $372. IS     $58.42     $3,462.80 

13.7  4.00            4.05            .63  37.7 

11.55  3.37           3.41            .536  31.80 


.-'- 

$    635.87 

$  73.00 

602.46 

106.07 

572.26 

145.24 

636,17 

89.73 

368.18 

62. S3 

368.78 

48.20 

1,067.30 

232.02 

392.75 

128.39 

366.46 

252.73 

202.48 

41.48 

146.88 

52.45 

622.33 

172.19 

92.30 

23.60 

379.47 

88.25 

622.26 

89.40 

185.45 

27.60 

65.05 

23.91 

187.03 

27.94 

432.70 

71.  S7 

1,113.88 

120.68 

109.43 

29.02 

$9,169.49 

t$  84.21 

tAverage. 


maintenance   by   the   patrol   system    of   gravel    roads   on 
state  highways  in  1915. 


CONCRETE  PAVEMENT  ON  22  PER  CENT 
GRADE. 

A   special   type   of  concrete   pavement   is   used   by   the 
city  of  Birmingham,  Ala.,  for  hillside  work.     This  type 


^  ,    ^'Asphaltic  Concrete  ,      ;  Jg 
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..^.M 


I  Pt.  Portlpnd  Cement 
li  Pts  Stone.  I'to^'Dia 
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Longitudinal  Section 


Plan   and    Detail   of   Longitudinal  Section. 

has   been      laid   in   several   streets   with   grades    ranging 
from  12  to  22  per  cent.    The  oldest  piece  was  built  about 


and  Sewers  submitted  to  the  Board  of  Estimate  and  Ap- 
portionment: 

Among  the  things  which  can  be  said  in  favor  of  the  work  of  the 
machine,  are: 

First — A  very  complete  removal  from  the  street  surface  of  all  for- 
eign matter  and  particularly  what  is  known  among  those  who  study 
street  refuse  as  "dust,"  this  being  the  very  fine  and  at  times  im- 
paliJable  particles  which  lie  close  to  the  surface  of  the  pavement  and 
which  has  been  found  by  bacteriologists  to  be  the  germ-carrying  part 
of   street  refuse. 

Second — By  cleaning  these  streets  every  night,  the  department  has 
been  enabled  to-  entirely  eliminate  street  sprinkling  as  a  practice. 
There  has  not  been  on  the  streets  of  the  downtown  section  any  street 
sprinkling  since  about  the  first  day  of  July.  These  street  sprinklers 
make  from  six  to  eight  trips  eash  business  day  over  each  of  the 
downtown  streets  and  from  the  very  nature  of  their  work,  that  is, 
their  very  slow  movement  and  the  fact  that  they  must  take  the  cen- 
ter of  the  street  in  order  to  properly  cover  the  surface,  complicate  the 
traffic  problem. 

Third — This  absence  of  the  street  sprinkler  leaves  a  dry,  clean,  sur- 
face for  traffic,  and  in  these  days  when  probably  75  per  cent  of  the 
traffic  is  automobile,  it  adds  greatly  to  the  safety  by  eliminating  the 
tendency  to  skid;  the  report  of  the  police  and  others  interested  in 
traffic  shows  that  there  has  been  a  great  dimunition  of  accidents 
from  such  causes  during  the  past  thirty  days.  There  must  also  be 
considered  the  general  inconvenience  to  pedestrians  from  water  from 
the  sprinkler  sprays. 

Fourth — As  would  naturally  be  expected,  the  use  of  the  vacuum 
system  has  materially  reduced  the  labor  necessary  to  keep  clean  the 
sewer  inlets  and  catch  basins.  The  superintendent  of  sewers  reports 
a  reduction  in  material  removed  of  about  35  per  cent.  This  propor- 
tion will  be  increased  still  further  as  the  system  becomes  established 
and  it  is  anticipated  that  the  expense  of  cleaning  sewer  inlets  will 
be  reduced  about  50  per  cent.  It  has  also  very  materiallly  reduced 
the  number  of  complaints  of  stopped  oi    blocked  sewers. 

Fifth — From  an  examination  of  material  taken  from  the  streets, 
it  does  not  appear  that  the  asphalt  surfaces  are  sensibly  worn  by  the 
brooms. 

Sixth — The    more    complete    removal    of    dust    and    dirt    from    the 
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streets,  reduces,  of  course,  the  work  of  the  white  wings  and  while 
they  have  not  been  reduced  in  number  during  the  experimental  pe- 
riod, it  is  certain  that  it  a  permanent  arrangement  is  entered  into, 
some  reduction  will  be  made  in  their  number.  It  will  always  be 
necessary,  of  course,  any  system  of  street  cleaning  to  have  white 
wings  in  the  congested  district  during  the  business  hours. 

Among  the  disadvantages,  is  the  inability  to  use  the  machine  under 
any  other  conditions  than  when  the  roadway  and  gutter  is  per- 
fectly dry.  During  our  experimental  run  of  CO  days  there  have  been 
six  nights  on  which  work  could  not  be  successfully  done.  It  would 
appear  to  me  likely  that  during  the  rainy  season,  that  is  from  the 
middle  of  March  to  the  lirst  of  June,  it  would  be  necessary  to  use 
some  form  of  street  flushing  at  least  twice  per  week.  This  is  largely 
a  matter  of  guess,  as  no  two  seasons  are  at  all  alike.  There  have 
been  periods  wherein  the  vacuum  cleaner  could  undoubtedly  be  used 
a  good  portion  of  the  time  even  in  the  month  of  March,  which  is  one 
of  our  most  troublesome  months  on  account  of  the  prevalent  high 
winds.  It  must  be  borne  in  mind,  of  course,  that  the  same  rain  that 
would  stop  the  work  of  tile  vacuum  cleaner  would  have  a.  tendency 
to  wash  the  dust  into  the  sewer  or  if  not  heavy  enough  for  that,  to 
eliminate  it  through  a  natural  sprinkling. 

An  examination  into  materials  collected  by  the  gutter 
machine  and  the  patrol  machine  and  the  details  of  the 
materials  collected  by  each  showed  that  approximately 
60  per  cent  of  all  street  dust  is  found  within  8  ft.  of  the 
gutter  and  that  by  far  the  greater  part  of  the  coarse  dirt 
is  collected  from  the  gutter.  A  comparison  of  the  dis- 
tricts shows  the  following:  1.  Thoroughfares  traveled 
practically  exclusively  by  automobile.  2.  Mixed  automo- 
bile and  horsedrawn  vehicles,  steel  tired.  8.  Those  used 
almost  exclusively  by  horsedrawn  and  steel  tired  vehicles. 

It  was  found  in  the  first  type  street  dust  passing 
a  200-mesh  sieve  5.8  per  cent  and  that  retained  94.2  per 
cent.  On  the  second  type  passing  a  200-mesh  sieve  10.9 
per  cent  and  that  retained  89.1  per  cent.  On  the  third 
type  passing  a  200-mesh  sieve  30.6  per  cent  and  that  re- 
tained 69.4  per  cent;  total,  100  per  cent. 

It  would  appear  from  this  that  the  very  fine  dust  is 
collected  on  streets  that  are  subjected  to  steel  tire  traffic 
and  the  steel  shoes  of  horses  and  that  the  automobile 
traffic  tends  rather  to  leave  the  dust  in  coarser  particles. 

The  bacteriological  examination  shows  that  the  gutter 
dust  contained  270,000,000  germs  per  cubic  centimeter 
and  that  the  dust  from  the  center  of  the  street  contained 
249,000,000  germs  per  cubic  centimeter. 


CONVICT  LABOR  ON  HIGHWAY  CONSTRUCTION 
IN  ARIZONA. 

The  employment  of  convict  labor  in  state  highway  con- 
struction in  Arizona  has  effected  a  considerable  saving 
to  the  state,  according  to  the  recently  issued  report  of 
Lamar  Cobb,  State  Engineer.  The  matter  that  follows  has 
been  taken  from  Mr.  Cobb's  report.  The  first  work  of 
this  kind  was  done  in  1913  on  the  highway  from  the 
Grand  Canal  to  the  Tempe  Bridge  in  Maricopa  County. 
In  general  two  prison  camps  have  been  in  operation :  an 
honor  camp  of  35  to  50  men  and  a  guarded  camp  of  75 
to  100  men.  Table  I  gives  a  comparative  statement  of 
prison  labor  maintenance  in  road  construction  from  1913 
to  1916. 

The  prison  labor  work  of  the  Arizona  Highway  De- 
partment has  been  in  charge  of  Division  Engineer  F.  G. 
Twitchell.  In  a  paper  presented  last  year  before  the 
Association  of  Arizona  Highway  Engineers  Mr.  Twitchell 
outlined  the  methods  employed  and  the  results  obtained 
with  this  class  of  labor.    Extracts  from  this  paper  follow: 

The  figures  that  follow  are  taken  from  the  records  of 
the  camp  known  as  Prison  Road  Camp  No.  1.  This  camp 
was  organized  in  December,  1913,  on  a  small  basis,  with 
the  intention  of  using  it  for  general  repair  work  and 
minor  improvements.  When  first  put  in  the  field,  it  was 
made  up  of  29  men  and  8  teams,  under  the  direction  of 
one  foreman.  Since  that  time  it  has  expanded  until  now 
it  has  a  force  of  55  men  and  24  teams,  under  the  direction 
of  three  foremen  and  is  capable  of  handling,  and  has 
handled,  any  class  of  road  work. 

Acting  upon  the  principle  that  if  a  prisoner  is  worthy 
of  being  trusted  he  is  worthy  of  being  trusted  to  the  full- 
est extent,  the  ordinary  prison  rules  have  not  been  en- 
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forced  in  this  camp.  The  endeavor  has  been  to  avoid  as 
far  as  possible  anything  that  would  keep  the  man  con- 
stantly conscious  that  he  was  a  prisoner.  Responsibility 
for  his  actions  has  been  placed  upon  himself. 

Carrying  out  this  idea,  the  men  are  dressed  in  civilian 
clothes,  and  with  two  exceptions  are  not  restricted  any 
more  than  in  a  free  labor  camp.  The  first  of  these  two 
exceptions  is  that  there  is  a  set  hour  for  going  to  bed, 
and  the  second  is  that  the  men  are  not  allowed  to  leave 
the  camp  without  permission,  and  then  only  to  the  extent 
of  one  mile  free  range.  Under  no  circumstances  are 
they  allowed  to  go  to  town.  One  guard,  who  acts  as  night 
watchman  for  the  camp,  is  employed,  whose  principal 
duty,  outside  of  this,  is  to  look  after  the  clothing  and 
equipment  of  the  men. 

The  food  furnished  is  on  a  par  with  that  furnished  in 
the  best  free  labor  camps,  and  better  than  that  furnished 
in  many.  The  average  idea  is  that  any  kind  of  food  is 
good  enough  for  a  prisoner,  but  that  idea  is  based  upon 
altogether  wrong  premises.  It  is  not  a  prisoner  that  is 
being  fed,  but  a  workman,  and  this  is  a  fact  that  must 
never  be  lost  sight  of.  It  is  probably  not  necessary  for 
me  to  i-emind  you  that  a  man  poorly  fed  is  a  man  who  is 
discontented  both  in  mind  and  body,  whose  work  will 
reflect  his  state  of  being. 

For  sleeping  quarters  tents  are  furnished,  which  are 
heated  in  the  winter  time.  Each  man  is  furnished  with 
a  cot,  mattress,  sheets  and  blankets.  One  man  is  de- 
tailed as  a  laundryman,  who  takes  care  of  all  the  cloth- 
ing. An  effort  to  have  each  man  wash  his  own  clothes 
did  not  prove  successful. 

The  camp  under  discussion,  during  the  period  from 
Dec.  15,  1913,  to  Jan.  25,  1915,  spent  nearly  $30,000  on 
the  Globe-Roosevelt  highway,  and  of  this  amount  $10,477, 
or  about  one-third,  was  the  cost  of  maintaining  the  pris- 


T.\BLE    I.— COMPARATIVE    STATEMENT    OP   PRISON    LABOR 
MAINTE.VAXCE  ON  RO.VD  CONSTRUCTION,  1913  TO  1916. 


1913-1.1. 

Bisbee- 

Tombstone, 

Sec.  1 

Duration   of  work 11    months. 

Average  number  of  men 90 

Per  cent  on  camp  work 10% 

Cost  per  man  per  day — 

Groceries     277 

Meat    17."> 

Fuel    015 

Total  cost  per  man  per  day,  feeding    .467 

Total  cost  per  man  per  da>" — 

Tobacco    Ir,  groceries 

Clothing 121 

Medical    013 

Lights    In  groceries 

Transportation    131 

Haul    supplies,    teams...' 019 

Haul   supplies,    truck 

Escapes     017 

(;Juards     3S5 

E'luipnient     02 

^liscellaneous     

Cost  per  man  per  day.  total 1.173 

Cost  per  man  working  day,  total...  1.S16 


1913-15. 
Globe- 
Roosevelt 
Highway. 

Duration  of  work 3\  months 

-Vverage  number  of  men 31 

Per  cent   on   camp   work 19% 

Cost  per  man  per  day — 

Groceries    348 

.Meat     205 

Fuel    

Total  cost  per  man  per  day,  feeding4-.553 

Cost  per  man  per  day — 

Tobacco    023 

Clothing    139 

Medical     014 

Lights    006 

Transportation    

Haul  supplies,    teams 

Haul   supplies,    truck 

Escapes     

Guards     0.)2 

Equipment     

Miscellaneous     

Cost  per  man  per  day,  total 7S7 

Cost  per  man  working  day,  total...   1.29 
-t-Men  in  honor  camps  are  better  fed. 
Phoenix-Yuma.  Arlinaton-.Agua  Caliente. 
Phoenix-Yuma,  WelUon-Mohawk.   7  mile 
Tucson-Florence  Highway.  Section  2.  5  to 


Under    Guard 

1916, 

1915-16, 

Phoenix- 

BLsbee- 

Yuma 

Tombstone, 

Arl.  Agua 

Sec.   2. 

Caliente. 

7   months. 

4   months. 

79 

70 

14% 

17% 

.258 

.2076 

.1257 

.1313 

.0196 

.4033 

.3389 

.0163 

.0207 

.0756 

.1315 

.0171 

.0040 

.0175 

.0102 

.0512 

.1721 

.0101 

.0203 

.0213 

.0238 

.4085 

!4668 

.0507 

.0253 

.0007 

.0028 

1.0725 

1.1566 

1.6063 

1.6977 

1916, 

1915-16. 

Phoenix- 

Tucson- 

Yuma  Hy., 

Flor. 

^Vellton- 

Highway, 

Mohawk 

Sec.   2. 

Division. 

12  months 

2M  months 

39 

29.5 

18% 

21% 

.3048 

.5288 

.1546 

.097S 

.0317 

-I-.4911 

+.6264 

.0203 

.0199 

.1636 

.1189 

.0189 

.0093 

.006 

.0048 

.0345 

.2223 

.0199 

.0481 

.07S1 

.0439 

.0438 

.1133 

.1731 

.0926 

.1178 

.1449 

1.188 

1.421 

1.517 

1.9087 

35  mile  haul  for  supplies. 

haul  for  supplies. 

20  mile  haul  for  supplies. 
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oners.  Of  the  balance,  the  maintenance  of  teams  took 
nearly  $6,000,  paid  labor  took  $3,000,  the  material  bill  for 
culverts,  cement,  powder  and  similar  items  was  over 
$6,000,  and  maintenance  and  depreciation  of  the  equip- 
ment was  about  $3,000. 

On  the  Globe-Roosevelt  highway  in  1914  it  cost  us 
78  7/10  ct.  per  "day  to  keep  a  man,  this  covering  food, 
clothing,  medicine,  tobacco  and  the  night  watchman.  The 
cost  per  day  was  for  every  prisoner  in  the  camp,  includ- 
ing the  camp  force  of  cooks,  flunkeys,  etc.,  who  are  gen- 
erally known  as  "non-producers,"  and  for  every  day  in 
the  year,  including  Sundays  and  bad  weather  days,  when 
no  work  was  going  on.  The  cost  per  man  per  working 
day,  by  which  is  meant  the  cost  of  putting  the  prisoner 
on  the  job,  for  every  day  he  actually  worked,  was  $1.29. 
This  working  day  cost  includes  the  cost  of  the  camp  force 
on  Sundays,  or  days  when  the  weather  would  not  permit  of 
work,  and  on  days  when  the  camp  was  moving.  During 
the  period  13  months  referred  to  the  total  number  of 
days  lost  from  these  causes  was  97,  or  25  per  cent  of 
the  total  time  the  camp  was  in  operation  on  this  job.  It 
also  had  to  include  the  cost  of  transporting  the  men  from 
the  prison  to  the  camp,  which  amounted  to  a  total  of 
$1,252,  or  15  4/10  ct.  per  man  per  working  day. 

The  work  was  largely  repair  work  and  construction, 
was  scattered  over  some  10  miles  of  road,  and  the 
average  water  haul  was  3  miles  and  the  average  supply 
haul  was  21  miles.  The  unit  costs  of  the  work  done 
were: 

Clearing  and  grubbing — largely  mesquite  and  chap- 
paral — the  average  cost  of  some  57  acres  was  $9.13  per 
acre. 

Solid  rock  excavation — total  quantity  moved,  4,392  cu. 
yd.  Where  this  work  was  so  located  that  full  benefit 
could  be  derived  from  the  necessary  drilling  and  shoot- 
ing, the  cost  ran  from  65  ct.  to  85  ct.  per  yard.  When  it 
consisted  largely  of  shooting  off  projected  points,  and 
widening  the  road  at  narrow  places,  the  cost  was  from 
$1.25  to  $2.50  per  yard.  The  average  cost  for  the  total 
quantity  moved  was  $1,274  per  yard. 

Loose  rock  and  boulders — total  quantity  9,000  cu.  yd., 
ranging  in  cost  from  26  ct.  to  81  ct.  per  yard — this  latter 
being  material  that  had  to  be  shot,  although  it  could  not 
properly  be  classified  as  solid  rock — average  cost  66  3/10 
ct.  per  yard. 

Earth  borrow  and  excavation — total  quantity  20,428  cu. 
yd.,  ranging  in  cost  from  14  ct.  to  45  ct.  per  yard.  Most 
of  this  work  was  on  steep  hillsides.  Average  cost  25  2/10 
ct.  per  yard. 

Foundation  excavation — total  quantity  688  cu.  yd.; 
average  cost  56  1/10  ct.  per  yard. 

Dry  walls — total  quantity  126  cu.  yd.;  cost  $1,185  per 
yard. 

Rubble  masonry — total  quantity  612  cu.  yd.;  average 
cost  $3.82  per  yard. 

Concrete — total  quantity  116  cu.  yd.,  average  cost 
$13.16  per  yard.  This  high  cost  is  principally  due  to  the 
small  quantity  placed,  which  did  not  permit  the  men  to 
obtain  experience  and  skill  in  form  building  and  concrete 
mixing. 

Ditching — total  quantity  5,209  cu.  yd.,  average  cost 
35  3/10  ct.  per  yard. 

The  following  costs  relate  to  the  work  done  by  this 
same  camp  on  the  Tucson-Florence  highway  in  Pima 
County.  This  work  is  new  construction,  and  in  conse- 
quence of  not  being  scattered,  is  being  done  cheaper. 
The  average  water  haul  has  been  3  miles  and  the  supply 
haul  9  miles,  and  it  has  been  possible  to  reduce  the  cost 
of  a  prisoner  working  day  to  $1,144. 

The  unit  costs  on  the  work  have  been  as  follows: 

Clearing  and  grubbing,  $15.82  per  acre. 

Earth  excavation  and  borrow,  $0,182  per  cu.  yd. 

Solid  rock  excavation,  $0,844  per  cu.  yd. 

Ditching,  $0,175  per  cu.  yd. 

Concrete,  $9.88  per  cu.  yd. 
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METHOD  AND   COST  OF  STREET   FLUSHING 

AT  WORCESTER,  MASS.,  BY  TROLLEY 

FLUSHERS. 

The  city  of  Worcester,  Mass.,  is  stated  to  be  the  first 
municipality  in  the  United  States  to  adopt  the  trolley  car 
method  of  street  flushing.  Cleveland,  0.,  to  be  sure, 
developed  a  flusher  for  its  own  use,  but  this  did  not 
embody  many  of  the  features  of  the  new  car  used  at 
Worcester,  particularly  the  swinging  arm,  which  enables 
the  machine  to  cover  an  extremely  wide  street,  the  flush- 
ing at  all  times  going  in  the  proper  direction  during  the 
swinging  of  the  arm  outward  or  inward.  The  car  used 
at  Worcester  is  manufactured  by  the  American  Car 
Sprinkler  Co.  It  was  constructed  to  cover  the  demand 
of  the  city,  and  the  first  one  w£ls  placed  in  operation 
there  is  1915.  At  the  second  annual  convention  of  the 
Society  for  Street  Cleaning  and  Refuse  Disposal  last 
October,  Mr.  A.  T.  Rhodes,  Street  Commissioner  of  Wor- 
cester, presented  a  paper  giving  the  following  data  on 
the  work  of  this  machine. 

The  machine  operated  through  the  entire  season  with 
great  satisfaction,  together  with  several  of  the  old  style 
car  sprinklers.  In  fact,  the  operation  was  so  satisfac- 
tory that  in  the  year  1916  the  old  style  street  sprinkling 
was  abandoned  entirely,  and  the  new  style  of  flushing 
has  been  operated  on  all  types  of  permanent  paving,  in- 
cluding grouted,  granite  block  paving — of  which  the  city 
has  the  first  piece  in  existence  in  the  United  States — 
sand  joint  block  paving;  asphalt  and  Topeka,  both  with 
and  without  a  concrete  base;  Hassam  paving,  both  with 
and  without  a  bituminous  top;  wood  block  paving;  brick 
paving;  and  a  small  section  of  bitulithic.  There  have 
been  during  the  two  years  no  noticeable  defects  occur- 
ring in  any  of  these  types  of  paving,  through  the  opera- 
tion of  the  flusher.  The  sand  joint  granite  block  pav- 
ing, which  it  would  be  e.xpected  would  feel  the  efi'ects  to 
the  greatest  extent,  has  been  kept  in  a  very  clean  and 
sanitary  condition,  as  it  has  been  possible  to  wash  out 
the  joints  thoroughly  between  the  blocks  and  clean  the 
street  in  a  manner  much  more  satisfactory  than  the  old 
machine  broom  style,  or  any  other  style  in  use  previous 
to  the  adoption  of  this  flushing  system. 

The  machine  used  is  a  trolley  car,  containing  a  tank 
with  a  capacity  of  2,900  gal.,  which  is  filled  from,  hy- 
drants constructed  between  the  rails  or  tracks  of  the  trol- 
ley system,  covered  by  the  ordinary  sewer  manhole  cover, 
with  an  attachment  on  it  for  easy  removal,  whenever  it 
is  necessary  to  remove  it.  This  is  connected  with  the 
car  by  a  flexible  leather  pipe  for  filling  the  tank  in  the 
car.  The  pressure  for  flushing  is  obtained  by  a  centrifu- 
gal pump  having  a  maximum  capacity  of  from  500  to  600 
gal.  per  minute,  operated  at  a  speed  of  2,600  revolutions 
per  minute  and  working  under  a  normal  working  pres- 
sure of  80  lb.  The  pumps  are  equipped  with  a  by-pass 
enabling  the  operator  to  cut  the  pressure  down  to  as 
low  as  30  lb.,  giving  a  very  good  range  to  work  from  if 
a  lower  pressure  is  desired.  The  pump  is  operated  by  a 
45  hp.  General  Electric  motor,  The  operation  of  the  en- 
tire machine  is  handled  by  three  men. 

On  the  wide  streets  there  are'  five  nozzles  working  in 
the  direction  the  car  is  going,  three  on  the  car  and  two 
on  the  swinging  arms.  One  of  the  three  nozzles  on  the 
car  on  a  double  track  street  catches  the  refuse  lying  upon 
the  core  of  paving  between  the  two  tracks  and  throws 
it  onto  the  opposite  bound  track,  the  return  trip  in  the 
opposite  direction  catciiing  that  material  and  carrying  it 
to  the  gutters. 

Too  much  cannot  be  said  in  regard  to"  sprinkling  the 
pavement  within  an  hour  ahead  of  the  time  of  flushing. 
This  softens  up  any  deposits,  which  are  stuck  down  to 
the  pavement,  soaking  them  up  and  making  them  easy  to 
remove  when  the  flusher  operates. 

All  cars,  also  the  auxiliary  trucks,  which  operate  over 
streets  having  no  car  tracks,  are  equipped  with  Servis 
Recorders,  by  the  records  of  which  the  Street  Depart- 
ment can  see  whether  or  not  the  car  has  been  busy 
through  the  entire  night. 
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At  present  the  city  is  operating  two  trolley  flushers. 
Worcester  covers  each  night  5.09  miles  by  tractor,  and 
21.3  miles  by  car  flushers.  With  the  preliminary  sprinkl- 
ing such  as  is  done  in  Worcester  a  car  flusher  will  cover 
about  10.5  miles  of  streets  per  night,  each,  varying  from 
25  ft.  to  75  ft.  in  width  between  curbs.  A  n  average 
eight  hours'  work  for  a  car  doing  both  its  own  sprinkling 
and  flushing  is  about  9  miles.  During  the  8  hours'  work 
a  car  flusher  will  distribute  approximately  95,700  gal. 
of  water.  The  truck  flushers,  of  which  the  city  has  two, 
in  sprinkling  and  flushing  cover  each  night  a  trifle  over 
5  miles  between  them,  and  some  additional  flushing 
ahead  of  the  trolley  flushers  on  account  of  trolleys  hav- 
ing too  much  and  trucks  too  little  area  to  cover.  A  truck 
flusher  will  distribute  approximately  43,750  gal.  of  water. 
Water  for  sprinkling  and  flushing  is  furnished  gratis 
by  the  city.  One  car  load  of  water  sprinkling  a  street 
37  to  45  ft.  between  curbs  will  do  1  mile  of  roadway.  One 
carload  of  water  flushing  a  street  37  to  45  ft.  in  width  be- 
tween curbs  will  do  I4  to  Vs  mile  of  roadway.  The 
sprinkling  and  flushing  is  done  under  contract  with  the 
American  Car  Sprinkler  Co.  at  the  following  rates: 

.'Sprinkling,  Plushing, 

per  mile.  per  mile. 

Streets  25  ft.  wide $    396.00  $    44S.SO 

Streets  30  ft.  wide ■164. C4  .■522,72 

Streets  35  ft.  wide 5?.3.28  5!)6.64 

Streets  40  ft.  wide 564.96  633.60 

Streets  45  ft.  wide 596.64  670.56 

Streets  50  ft.  wide 665.28  749.76 

Streets  55  ft.  wide 733.92  823.68 

Streets  60  ft.  wide 929.28  1,045.44 

Streets  65  ft.  wide 997.92  1.119,36 

Streets  70  ft.  wide 1,129.92  1.272.4.S 

Streets  75  ft.  wide ,. 1,198.56  1.346.40 

Streets  SO  ft,  wide 1,261,92  1,420,32 

The  American  Car  Sprinkler  Co.  pays  the  Street  Rail- 
way Co.  for  power  and  operates  the  cars  with  its  own 
help.  The  assessments  are  made  against  the  abuttors 
on  the  streets  flushed  and  sprinkled,  so  much  a  running 
foot,  according  to  the  width  of  the  street,  as  follows: 

Lin  ft. 

Streets  25  ft,  wide $0,03V!! 

Streets  30  ft,  wide 04 

Streets  35  ft.  wide , 04% 

Streets  40  ft,  wide 04% 

Streets  45  ft,  wide 05 

Streets  50  ft,  wide 05V4 

Streets  55  ft,  wide 06 

Streets  60  ft.  wide , 071^ 

Streets  65  ft,  wide OS 

Streets  70  ft,  wide 09 

Streets  75  ft,  wide 09% 

Streets  SO  ft,  wide 10 

Streets  100  ft,  wide , HH 

The  American  Car  Sprinkler  Co.  covers  all  streets 
under  contract  each  night,  except  that  under  the  48- 
hour  law  on  the  down-town  streets  the  work  is  split  into 
two  4-hour  shifts  for  Saturday  night  and  Sunday  night, 
giving  a  48-hour  total  for  the  week's  work. 

Previous  to  the  adoption  by  this  city  of  flushing  nights, 
the  streets  were  sprinkled  under  the  same  system  dur- 
ing the  day.  Under  the  sprinkling  system  during  the 
day  the  water  simply  laid  all  the  dust  and  other  refuse 
which  had  accumulated  upon  the  street  surface  right 
where  it  landed,  forming  a  greasy,  slippery  scum  on  the 
surface,  which  was  extremely  dangerous  to  vehicular 
traffic,  and  through  its  slipperiness  causing  many  acci- 
dents. It  has  been  found  that  with  the  flushing  at  night 
the  city  has  been  able  to  discontinue  the  sprinkling  dur- 
ing the  day,  thus  obviating  these  very  dangerous  con- 
ditions and  leaving  a  clean,  dry  street  through  work- 
ing hours. 

When  the  day  sprinkling  was  in  operation,  three  car 
sprinklers,  making  several  trips  over  each  street  every 
day,  covered  the  same  area  now  covered  by  two  flush- 
ers, making  one  trip  nightly  for  sprinkling  and  flush- 
ing combined,  the  flushers  working  8  hours  and  the 
sprinklers  under  the  old  method  of  14  hours. 

The  amount  of  water  used  under  the  flushing  system 
is  about  60  per  cent  of  that  used  under  the  old  style 
day  sprinkling,  while  the  present  combined  sprinkling 
and  flushing  uses  about  85  per  cent  of  the  amount. 

The  cost  of  catch  basin  cleaning  has  been  just  about 
doubled  on  streets  which  are  flushed.  The  average  cost 
per  catch  basin  per  year  for  cleaning  was  $1.95,  and  on 
streets  flushed  this  has  been  increased  to  $3.90.  How- 
ever, there  is  no  doubt  but  that  it  has  been  of  great 
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benefit  to  the  street  cleaning  end,  a  great  deal  of  the 
refuse  and  deposits  being  flushed  through  the  catch  ba- 
sins and  into  the  sewer  and  entirely  gotten  rid  of. 

Previous  to  the  installation  of  this  system  of  flushing 
the  Street  Department  operated  two  machine  broom 
squads,  which  worked  at  night,  covering  these  paved 
streets  from  two  to  three  times  per  week.  This  work 
was  not  very  satisfactory,  and  it  was  also  a  difficult 
matter  to  keep  track  of  labor  during  the  night  hours. 
This  has  been  discontinued  entirely,  the  only  cleaning 
necessary  being  taken  care  of  by  the  push  cart  men  the 
first  thing  in  the  morning,  who  clean  up  the  gutters  as 
the  first  duty  they  perform  on  reaching  their  stations, 
and  owing  to  the  fact  that  their  street  is  absolutely 
clean  of  any  material  when  they  reach  it.  Machine 
broom  work  amounted  to  about  $14,000.00  yearly. 

The  following  cities  have  adopted  the  flushing  system, 
using  the  American  car  sprinkler  car  flushers: 

Worcester,  Maiden,  Mass.;  Manchester,  N.  H. ;  New 
Bedford,  Mass.;  Springfield,  Mass.;  Somerville,  Mass.; 
Syracuse,  N.  Y. 


CONVICT  LABOR  ON  ROAD  CONSTRUCTION 
IN  MAINE. 

The  first  attempt  in  Maine  to  use  the  labor  of  prisoners 
for  the  improvement  of  highways  was  made  during  the 
season  of  1915  by  the  State  Highway  Commission.  The 
results  accomplished  are  described  in  the  recently  issued 
report  of  the  Commission,  from  which  the  following  notes 
are  taken : 

The  Commission  entered  into  an  agreement  with  the 
county  commissioners  of  Cumberland  County  on  May 
11th,  for  working  prisoners  upon  road  construction  in 
the  towns  of  Windham  and  Raymond. 

The  county  furnished  and  transported  prisoners  to  and 
from  the  road  camp,  provided  necessary  guards,  pur- 
chased all  food,  and  guaranteed  that  the  average  daily 
cost  for  raw  material  constituting  the  food  for  prisoners, 
guards,  and  all  state  superintendents  should  not  exceed 
50  ct.  per  day  per  man. 

The  state  furnished  all  camp  outfit,  including  build- 
ings, beds,  bedding,  cooking  utensils  and  food,  including 
that  for  the  guards  and  cook.  The  state  furnished  all 
tools  and  equipment  and  paid  the  wages  of  the  superin- 
tendent, foremen  and  cook. 

Work  was  started  June  1  and  finished  Dec.  11.  The 
work  consisted  of  grading  and  surfacing  with  sand-clay 
2  miles  of  road  in  Windham  and  1  mile  in  Raymond.  The 
force  was  composed  of  a  superintendent  at  $4.50  per  day, 
two  foremen  at  $3.00  and  board,  one  rollerman  at  $2. "75 
with  board,  one  cook  at  $15.00  per  week  with  board,  one 
timekeeper  at  $40.00  per  month.  The  average  number  of 
teams  per  day  was  7.7,  and  the  rate  was  50  ct.  per  hour, 
or  $4.50  for  a  9-hour  day.  The  county  furnished  40 
laborers,  3  of  whom  were  used  constantly  as  helpers  to 
the  cook.  Three  guards  were  paid  by  the  countv  at  the 
rate  of  $17.50  per  week  and  board. 

All  bills  for  camp  equipment  and  supplies  were  ap- 
proved by  the  sheriff  and  also  by  the  superintendent  in 
charge,  before  being  passed  by  the  Commission. 

The  cost  of  the  work  is  shown  as  follows: 

Raw  materials   $  3,815,86 

Camp  and  equipment 833,84 

Tel.    and    express 462,28 

Materials,  superintendence  and  cook 3,919.51 

Teams    4,181.33 

Surveys  an^   engineering 801,19 

Total    $14,014.01 

The  prisoners  were  allowed  Saturday  afternoon  and 
Sunday  for  recreation  and  rest. 

The  equipment  consisted  of  one  10-ton  steam  roller, 
one  watering  cart,  one  pump,  one  disc-harrow,  one  plow, 
two  road  machines  (borrowed)  and  an  old  farm  house, 
in  which  the  guards  and  cook  lived.  A  dining-room  was 
built  in  connection  with  this  farm  house  of  sufficient  size, 
10  ft.  X  30  ft.  X  6  ft.,  to  seat  forty  men,  and  a  camp  was 
built  to  provide  sleeping  accommodations  for  the  pris- 


508 


EN  GINEERING 
AND      CONTRACTING 


oners.  This  camp  was  18  ft.  x  40  ft.  x  12  ft.  high,  with 
an  addition  of  18  ft.  x  10  ft.  x  C.  ft.  high. 

The  force  worked  a  total  of  46,351  hours  or  the  equiva- 
lent of  5,150  1-9  9-hour  days.  The  cost  of  raw  material 
alone  delivered  at  the  camp  averaged  $  .83  per  day  for 
each  day's  labor  performed.  Taking  the  gross  number  of 
days'  board  furnished,  superintendent,  rollerman,  guards, 
cook  and  prisoners,  7,985,  the  average  cost  of  raw  mate- 
rial delivered  at  the  canjp  per  day  per  man  was  $  .53577. 

The  above  figures  make  no  allowance  for  rental  or 
depreciation  of  camp  and  equipment  nor  for  the  expense 
of  preparing  food. 

Careful  measurements  of  the  work  performed  in  grad- 
ing and  surfacing  the  three  miles  of  road  disclose  the 
fact  that  7,696  cu.  yd.  of  grading,  unclassified,  cost 
$7,977.05,  or  an  average  cost  of  $1,036  per  cu.  yd.,  and 
6,655  cu.  yd.  of  sand-clay  surface  cost  $4,117.49  or  an 
average  cost  of  $0,618  per  cu.  yd.  The  grading  was  not 
difficult  except  in  one  cut,  when  probably  1,500  yd.  of 
boulders  and  loose  rock  was  handled.  The  cost  seems 
unreasonably  high  and  reflects  the  inefficiency  of  the 
labor.  On  the  other  hand  the  surfacing  was  done  at  a 
very  reasonable  cost.  The  clay,  2,550  cu.  yd.,  was  hauled 
an  average  distance  of  1  mile.  The  sand,  4,105  cu.  yd., 
was  hauled  an  average  distance  of  ^2  mile. 

It  is  stated  that  if  the  highway  commission's  foremen 
could  be  deputized  as  guards  it  is  thought  better  results 
would  obtain. 


COST   DATA  ON  STREET  CLEANING  IN 
PHILADELPHIA,  PA. 

During  the  past  year  special  effort  has  been  made  by 
the  Bureau  of  Highways  and  Street  Cleaning,  of  Phila- 
delphia, to  obtain  and  classify  as  much  data  as  possible  as 
to  the  cost  and  most  effective  method  of  street  cleaning. 
Not  only  have  automobile  flushers  been  made  the  subject 
of  special  investigations,  but  each  kind  of  apparatus  em- 
ployed has  been  studied  as  carefully  as  possible  and  the 
results  analyzed  in  the  effort  to  ascertain  the  method  of 
operation  producing  the  best  results.  A  synopsis  of  the 
actual  costs  of  operation  and  detailed  studies  of  the  costs 

T.^BLE    I.— STREET    CLEANING    COST    DATA — UNIT    COST    PER 
1,000  SQUARE  YARDS. 
w         1 
. — Machine  brooui — >     ^        "l 
Unit  cost-Spl.  tests,     g        ; 


District  No.       o;                 3          S         g,|  g^ 

1   I   1    I    |!  i| 

5       m       ^         w        <<  i'C: 

1-A     ISS     134     .179  .218 

1-B     220     .193     12S     .212  .176 

2    290     .211     .177     .160     .280  .275 

3     2CG     .171     .135     .145     .252  .310 

4-A     243     203     .188     .241  .310 

4-B     242     .218     .205     .168     .21G  .377 

5    271     .218     .157     .182     .232  .313 

6     234     .178      163     .205  .232 

Average     . . .   .240     .193     .166     .159     .226  .277 
*Blncltmen. 

Gallons  of  water  used  per  1.000  sq.  yd. 

cleaned     9S 

Cubic  yards  of  dirt  removed  per  1.000 

sq.    yd.    cleaned 118 
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DIAGRAMS  FOR  THERMAL  CORRECTIONS   FOR 

ROAD  OIL  AND  FOR  CONTENTS 

OF  TANKS. 

The  specifications  of  the  Road  Department  of  Los  An- 
geles County,  California,  for  road  oil  for  macadam  con- 
tain the  following  clause  for  thermal  corrections: 


of  cleaning  the  different  classes  of  streets  with  the  dif- 
ferent forms  of  apparatus  are  shown  in  Table  I,  which  is 
reprinted  from  the  report  of  William  H.  Connell,  Chief 
of  the  Bureau. 

The  data  in  this  table  are  based  on  the  following  as- 
sumptions regarding  the  cost  of  labor  and  material: 

Blocknu  n     $  1.50 

Gangmen     1.75 

Jlaciiine  broom    5. 50' 

Squecj;:ee     6.00 

Pirt    cart    3.50 

n-rt   wasron 5.00 

Sprinkler    5.00 

A.itovnobile   flnshcr 15.00 

The  cost  of  water,  4  ct.  per  1,000  gal.,  is  included  in 
the  special  test  data,  but  not  in  the  district  daily  report 
costs.  District  Nos.  3  and  6  operated  automobile  flushers, 
the  flusher  dirt  being  removed  by  blockmen.  The  souee- 
gees  were  used  only  on  sheet  asphalt  and  wood  block 
streets. 


Thermal    Correct'ions  for  Rood  Oil 

By  formula;    V^-Vol  cold  Oil 
Vj,  '  Vol  hof  Oil 
^  -  Fahrenheil  lemp  observed 
Thtn,V^.Vi,-Vi,(tJO,o0o3 
IbbI-  iZgall  --  661  Cu  Ft      '" 
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Diagram  for  Determining  Thermal  Corrections  for  Road  Oil. 

In  detemiining  the  quantity  of  oil  delivered,  the  correction  for  ex- 
pansion by  heat  shall  be  as  follows: 

From  the  measured  volume  of  oil  received  at  any  temperature  above 
60°  F.  an  amount  equivalent  to  0.3  of  1  per  cent  for  every  10°  above 
said  60°  F.  shall  be  substracted  as  the  correction  for  expansion  by  heat. 


Vol  of  Cjhrdsrs 
Ic^  ft  r/oter  =  743aalland^ei3hH&24Jbi 
5b2'  '  HoodOn-iilga!! Sfie<3hH^i'llbi>rrel. 
Lerath  ofO,l,nderir  Ft 


o  ^  ^l  !..«.> 


Diagram  for  Finding  Contents  of  Tanks. 

For  the  purpose  of  measuring  this  oil.  a  temperature  of  60°  F.  shall 
be  deemed  normal  temperature. 

The  accompanying  diagram  was  devised  by  E.  Earl 
Glass  of  the  Road  Department  for  applying  the  thermal 
correction.     The  following  example  illustrates  the  meth- 
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od:  A  tank  received  measures  1,100  gal.  of  oil  at  375°  F. 
The  slant  line  1,100  gal.  hot  oil  intersects  the  375°  verti- 
cal line  at  995  gal.,  which  would  be  the  60°  F.  volume  of 
the  load.  The  chart  is  used  by  the  inspectors  on  road 
oiling. 

The  other  diagram,  also  devised  by  Mr.  Glass,  is  used 
for  finding  the  contents  of  all  ordinary  sized  tanks  used 
in  road  oiling. 


A    METHOD    OF    GRADE    CALCULATIONS    FOR 
STREET  INTERSECTIONS. 

Studies  with  a  view  to  arriving  at  better  conditions 
of  easy  grade  transitions  and  standard  crown  for  street 
intersections  have  been  completed  recently  by  Mr.  R. 
G.  McMullen,  Assistant  Engineer,  Department  of  Public 
Works  of  Portland,  Ore.  As  a  result  of  these  studies 
Mr.  McMullen  has  devised  a  method  of  constructing  street 
intersections,  the  main  feature  of  which  is  a  transition 
of  grade  across  intersections  without  the  abrupt  break 
usually  found  at  the  property  lines.  The  method  also 
provides  for  the  calculation  of  grades  to  produce  the 
results  noted  above,  and  for  the  giving  of  adequate  data 
for  record  before  work  begins.  By  this  method  the 
grades  may  be  decided  by  calculation  to  a  known  result, 
without  depending  upon  the  experience  of  the  foreman. 
The  results  of  Mr.  McMullen's  studies  were  submitted 
to  the  Department  as  a  report,  and  from  this  the  follow- 
ing matter  has  been  abstracted. 

The  proposed  method  of  grade  calculation  in  the  city 
of  Portland  is  described  in  an  ordinance  prepared  by 
Mr.   McMullen,  which  is  printed  below  in  full: 

Proposed    Method    of    Grade    Calculation    in    the    City    of    Portland. 

The  grades  of  the  property  lines  and  curb  lines  shall  be  cal- 
culated from  the  grades  established  by  ordinance  at  the  center  inter- 
section of  street^. 

The  grades  of  the  roadway  shall  conform  to  the  parabolic  crowns 
hereinafter  described,  and  be  controlled  by  the  grades  of  the  gutter 
lines  and   center   intersection. 

For  the  calculation  of  grades  on  all  intersections  where  the  es- 
tablished grades  do  not  exceed  4  per  cent,  first  calculate  the  grade  at 
the  propprt>'  line,  at  the  center  of  each  street,  which  shall  conform  to  a 
straight  line  between  the  centers  of  the  adjacent  cross  streets,  pro- 
vided that  the  grade  from  the  center  intersection  to  the  property  line 
shall  not  exceed  .02  per  foot.  From  these  points  calculate  the  grade 
of  the  block  corner,  by  taking  the  means  of  the  relative  grade 
points  thus  obtained  plus  three-tenths  of  1  ft. 
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The  crown  center  or  high  point  of  the  roadway  shall  be  calculated 
laterally  oft  true  center  toward  the  upper  side  of  the  roadway,  a  dis- 
tance of  three  times  the  difference  in  elevation  of  the  corresponding 
curb   grades. 

The  crown  centers  shall  be  connected  by  a  curved  line,  described 
on  their  greater  radius,  and  any  point  along  the  crown  centers  within 
the  block  lines  shall  be  controlled  by  the  one-quarter  point  grade 
hereinafter  determined.  From  the  crown  centers  the  lateral  grade 
to   the  gutter  lines  shall  be  parabolic. 

At  the  intersection  of  the  crown  centers,  the  center  shall  be 
"sprung"  or  the  elevation  arbitrarily  raised  five- tenths  of  1  ft.  plus 
the  lateral  and  longitudinal  offsets,  from  true,  to  crown  center,  for  a 
36-ft.  intersection  and  proportionally  increased  or  decreased  for  other 
widths. 
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Fig.    1  —  Method    for    Obtaining    Controlling    Points. 

Where  roadways  of  different  widths  Intersect  use  the  proportion 
for    superelevation    of   the    widest    roadway. 

From  the  center  intersection  of  the  crown  centers,  to  the  crown 
center  opposite  the  block  corners  the  grade  shall  be  a  straight  line, 
and  from  any  point  along  this  line  the  lateral  grade  shall  be  para- 
bolic  to   the   curving  crown   center  line   grade. 

Within  the  ciown  center  grade  platform  the  grade  shall  radiate 
parabolically  from  the  crown  center  lines  to  the  sides  of  the  center 
grade  platform.  The  one-quarter  control  point  of  the  center  platform 
shall  be  obtained  by  taking  one-third  of  the  total  fall  from  the  crown 
center  intersection  to  the*  gutter  line  on  the  center  of  the  respective 
crown  center  curve  and  subtracting  this  from  the  crown  center  inter- 
section. 


Fig.   2 — Visualization   of  Controlling    Points 

The  grade  of  the  property  line  or  side  line  of  the  street  shall  be  a 
straight  line  between  such  points,  unless  a  vertical  curve  or  grade 
establishment  inter\-ene  between  such  points,  then  such  property  line 
grade  shall  conform  to  the  intervening  grade. 

The  lateral  grades  of  the  sidewalk  area  between  the  curb  line  and 
property  line  shall  be  preferably  2  per  cent  descending  to  the  curb. 
but  optional  with  the  City  Engineer  to  increase  lateral  grade  to  4 
per  cent,  opposite  block  corners,  provided  the  lateral  rate  of  2  per 
cent  is  again  maintained  at  a  point  12  ft.,  or  in  distance  three  times 
the  rate  of  grade,   back  from  the   block  centers. 

For  all  hard  surface  pavements  the  proi?ortion  of  crown  shall  in- 
crease or  decrease  in  the  ratio  of  five-tenths  of  1  ft.  crown  to  36  ft. 
of  roadway,  and  the  elevation  of  the  crown  be  fixed  by  the  elevation 
of  the  high  gutter  line. 


on   12   Per   Cent   and   6   Per   Cent  Grades. 

The  establishment  of  a  grade  point  on  the  curb  at  the  center  of 
the   sidewalk   corner  shall  be  optional   with  the   City   Engineer. 

For  the  calculation  of  grades  on  intersections  where  the  estab- 
lished grades  exceed  4  per  cent  first  calculate  the  grade  on  the  re- 
spective center  lines  to  the  point  of  intersection  of  the  respective 
curb  lines  at  the  rate  of  one-half  of  such  established  gradient.  From 
the  above  points  of  grade  on  the  intersecting  curb  lines,  calculate  the 
grade  to  the  respective  property  lines  at  the  rate  of  two-thirds  of 
such   established  gradient. 

The  lateral  grade  of  the  sidewalk  shall  conform  to  an  equalized 
grade  from  points  on  the  property  line,  in  distance  three  times  the 
rate  of  grade,  back  from  the  block  corner,  at  which  points  the  lateral 
grade  shall  conform  to  a  two  per  cent  descending  grade  to  the  curb 
as   hereinbefore   set   forth. 
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F^om  the  grade  points  on  the  center  lines  of  the  respective  streets 
opposite  the  property  lines,  calculate  the  grade  of  the  curb,  by  taking 
the  rate  of  grade,  within  the  curb  line  platform  or  one-half  the  es- 
tablished gradient,  laterally  plus  or  minus  for  one-half  the  width  of 
roadway,  and  calculate  the  curb  grades,  opposite  the  block  corner. 
This  gives  the  eight  basic  points  for  the  complete  Intersection. 

Proceed  as  hereinbefore  set  forth  by  establishing  the  gutter 
depths,  thus  fixing  the  gutter  line,  calculating  the  crowns  from  the 
high  gutter  ine,  using  the  ratio,  plus  or  minus,  of  five-tenths  to  36 
ft.,  determining  the  crown  center  by  offsetting  from  true  center 
three  times  the  difference  in  elevation  of  opposite  curbs,  connecting 
by  curved  lines  the  crown  centers  on  their  greater  radius,  except  on 
grades  exceeding  S  per  cent  connect  the  crown  centers  of  the  high 
quarter  by  their  lea.-it  radius,  where  the  confining  grades  are  descend- 
ing to  the   intersection. 

The  grades  of  the  crown  centers  shall  conform  to  the  rates  as 
before  described,  full  rate  as  established  outside  of  property  lines, 
two-third  rate  from  property  line  to  curb  line. 

The  points  of  inter.section  of  the  crown  centers  with  the  property 
line  and  curb  line  shall  be  fixed  points  of  grade,  from  which  further 
calculation  necessary  will  be  based.  Nothing  in  this  ordinance  shall 
be  construed  as  a  change  of  grade. 

The  grade  of  the  roadway  shall  be  governed  by  the  gutter  lines 
and  crowns  and  the  type  of  the  improvement  of  the  roadway,  pro- 
vided that  on  intersections  covered  by  an  elevated  plank  roadway, 
bridge  or  viaduct,  the  grades  of  the  intersections  shall  conform  to 
such   elevations   recommended    by   the   City   Engineer. 

Provided,  further,  that  the  method  of  calculating  grades  herein 
described,  shall  affect  only  such  work  as  will  in  no  way  conflict  with 
the  permanent  improvements  made  under  former  ordinances  governing 
grade   calculation. 

Provided  further  that  on  streets  having  car  tracks,  the  crown 
centers  shall  be  so  calculated  that  car  tracks  can  be  constructed  on 
their  respective  franchise  lines,  in  accordance  with  standard  prac- 
tice. 

On  summits,  with  descending  grades  in  all  directions,  or  basins 
with  ascending  grades  in  all  directions,  the  intersection  shall  be 
made  level. 

A  particularly  interesting  feature  of  the  studies  was 
the  use  of  models  for  visualizing  the  grades.  An  ex- 
ample of  how  these  were  employed  is  given  below.  In 
Fig.  1  is  shown  the  method  by  which  the  eight  control- 
ling points  are  obtained.  The  eight  points  are  the  curb 
grades  opposite  the  block  lines.  The  grade  rate  is  the 
rate  established  from  one  certain  intersection  to  the 
next.  After  establishment  of  the  eight  parts  the  remain- 
der of  the  intersections  are  of  no  further  use,  as  the 
final  surface  grades  are  controlled  by  the  gutter  lines, 
crovi'ns,  crown  centers  and  platforms.  Figure  2  shows 
a  visualization  of  Fig.  1  on  a  12  per  cent  and  a  6  per  cent 
crossing  grades.     The  horizontal  scale  in  this  is   ^2   in. 


TABLE    I.— ORDINATES    FOR    PARABOLIC    ROADWAY    CROWNS 

FOR  36-FOOT   ROADWAY. 

Center  of  roadway  is  three  times  the  vertical  distance  between  gutter 

lines  off  of  true  center  to  liigh  side  of  street. 


to  1  ft.  and  the  vertical  scale  1  in.  to  1  ft.  This  does  not 
show  the  property  lines.  Only  the  center  and  curb  lines 
with  the  black  paper  strip  connecting  the  different  parts 
laterally  and  diagonally  are  shown. 

These  models  are  made  on  a  plain  drawing  board,  and 
set  up  over  any  convenient  scale,  from  1  ft.  to  1  in.  up  to 
10  ft.  to  1  in. 

The  vertical  scales  are  all  alike  and  made  of  a  brass 
post,  graduated  to  inches  and  tenths  of  an  inch,  firmly 
attached  to  the  base,  which  has  three  small  points  that 
are  pressed  into  the  board  to  hold  the  instrument  ver- 
tical. 

A  sliding  clamp  encircles  the  post  and  has  a  notched 
hole  through  the  end  for  holding  the  thread  at  the  proper 
height. 

The  readings  on  the  post  are  exactly  opposite  the 
thread  hole,  and  any  one  of  the  three  points  in  the  base 
are  exactly  under  the  thread  hole. 

The  clamp  moves  up  and  down  by  releasing  pressure 
on  the  wings  of  the  spring,  also  turns  horizontally  in 
same  plane  around  post  to  any  point  desired. 
'  After  threading  the  model,  strips  of  black  paper  are 
hung  over  the  threads  to  accentuate  the  lines  in  pho- 
tography. 
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A  NEW  CONVERTIBLE  DISCHARGE  MIXER. 

A  new  convertible  discharge  concrete  mixer  has  been 
placed  in  the  market  recently  by  the  Waterloo  Cement 
Machinery  Corp.  of  Waterloo,  la.  This  machine  is  so  ar- 
ranged that  it  can  discharge  at  the  front,  the  rear,  or 
on  either  side,  without  disturbing  the  trucks  or  moving 
it  any  direction.  This  is  accomplished  by  removing  four 
bolts  in  the  turntable  which  is  mounted  between  the 
truck  frame  and  the  I-beam  frame  of  the  machine.  After 
turning  the  mixer  frame  with  the  chute  po'inting  to  any 
one  of  the  four  sides  on  which  it  is  desired  to  discharge, 


Four   Positions   of    Discharge   of   New   Mixer. 


the  bolts  are  replaced  and  securely  tightened,  thus  rig- 
idly bolting  the  mixer-  frame  to  the  truck  frame,  and  the 
machine  is  again  i-eady  for  business.  The  change  can 
be  made  in  less  than  10  minutes.  The  accompanying 
illustration  shows  the  four  positions  of  discharge. 


According  to  the  Portland  Cement  Association,  the 
roads,  .streets  and  alleys  that  have  been  placed  under  con- 
tract during  the  present  year  to  be  built  of  concrete,  total 
nearly  23,000,000  sq.  yd.  Owing  to  many  unfavorable 
conditions  in  the  labor  world,  much  of  this  work  will  carry 
over  into  next  season.  If  the  disturbing  influences  that 
have  prevailed  this  year  are  absent  in  1917,  no  doubt  the 
new  year  will  be  a  record  one. 
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SOME  COMMENTS  ON  LETTERS  FROM  CORRES- 
PONDENTS RELATIVE  TO  THE  UNION  OF 
WATER  WORKS  SOCIETIES. 

No  suggestion  made  in  these  columns  has  brought  forth 
more  comment  than  our  "get-together"  editorial  of  Oct. 
11.  In  our  November  Water  Works  and  Hydraulic  issue 
we  published  18  letters  and  in  this  issue  we  publish  24 
more,  some  against  but  more  in  favor  of  the  union  of  the 
New  England  and  the  American  Water  Works  Associa- 
tions. 

Mr.  John  C.  Trautwine,  Jr.,  voices,  we  believe,  a  senti- 
ment to  which  the  great  majority  of  water  works  engi- 
neers and  superintendents  will  subscribe,  when  he  urges 
some  sort  of  union  not  only  of  our  water  works  societies 
'  but  of  all  engineering  societies. 

It  will  be  noted  that  several  correspondents  are  averse 
to  a  consolidation  of  the  two  water  works  associations  on 
the  ground  that  each  association  is  doing  a  good  work 
now,  and  that  there  is  no  assurance  that  a  union  of  the 
two  would  better  the  work  of  either  one.  Reasoning  in 
matters  of  this  kind  must  proceed  by  analogy.  Were  it 
established  by  experience  that  several  independent  local 
societies  are  more  effective  than  one  national  organiza- 
tion, we  should  now  have  a  large  number  of  successful 
water  works  societies,  for  example,  and  an  equally  large 
number  of  independent  local  societies  in  every  branch  of 
civil  engineering.  Local  civil  engineering  societies  exist 
and  perform  excellent  service,  but  there  is  only  one  na- 
tional civil  engineering  society.  The  New  England  Water 
Works  Association  is  purely  local  in  name  only.  It  is  a 
national  organization  and  its  members  are  found  in  every 
state.  Insofar  as  it  takes  on  a  local  character  because  of 
its  frequent  meetings  held  in  New  England,  it  becomes 
akin  to  the  local  chapters  of  the  national  societies.  Inso- 
far as  its  papers  and  discussions  are  of  nation-wide  in- 
terest, it  is  akin  to  the  American  Society  of  Civil  Engi- 
neers. Can  it  not  join  the  American  Water  Works  Asso- 
ciation in  such  a  manner  as  to  merge  its  national  features 
with  the  latter,  while  preserving  its  local  features? 

One  of  our  correspondents  suggests  that  if  it  were  wise 
to  unite  two  independent  civil  engineering  societies  it 
would  be  equally  wise  to  consolidate  two  or  more  inde- 
pendent civil  engineering  periodicals.  As  a  matter  of 
fact,  that  is  what  has  happened.  Engineering  and  Con- 
tracting is  itself  a  consolidation  of  four  independent  jour- 
nals. The  tendency  in  the  field  of  technical  journalism, 
as  in  all,  other  enterprises,  has  been  steadily  toward  such 
consolidations. 

We  believe  that  a  much  to  be  desired  rivalry  can  be 
maintained  among  the  secretaries  of  the  local  chapters 
of  a  national  society,  in  building  up  membership,  in  secur- 
ing good  papers,  and  in  promoting  the  welfare  of  technical 
men  and  engineers  locally.  Already  this  is  being  done  by 
the  local  chapters  of  the  American  Society  of  Electrical 
Engineers. 

In  order  to  trj-  out  the  feasibility  of  a  union,  why  should 
not  the  two  water  works  associations  form  a  "federation 
of  independent  states,"  each  preserving  its  name  and 
identity,  while  joining  under  a  common  name  for  a  com- 
mon purpose?  Let  the  name  be  the  International  Water 
Works  Society,  as  suggested  by  Mr.  Gwinn.  Let  the  funds 
available  for  printing  the  papers  be  pooled,  and  let  the 
transactions  be  published  jointly. 

If  this  were  done,  and  if  the  international  water  works 


society  were  to  make  it  one  of  its  prime  objects  to  take  a 
hand  in  purifying  municipal  politics,  water  works  manage- 
ment would  soon  become  a  profession  more  attractive  be- 
cause of  the  permanence  of  tenure,  the  opportunity  to 
serve  the  public  notably,  and  the  high  remuneration  re- 
sulting from  such  service. 

Pinhead  politics  and  "graft"  are  the  coal  dust  twins  of 
municipal  administration.  We  can  not  agree  with  our  cor- 
respondent who,  while  deploring  the  fact,  despairs  of  get- 
ting rid  of  these  "twins"  through  any  effort  of  any  asso- 
ciation of  water  works  men.  Who  shall  rid  our  cities  of 
ignorant  or  grafting  politicians  if  the  very  men  who  see 
its  malign  effects  most  clearly  act  as  if  they  were  the 
blindest  to  it?  Water  works  superintendents  and  engi- 
neers have  long  enough  scolded  in  private  and  kept  silent 
in  public  about  political  maladministration  of  their  de- 
partments. Let  there  be  a  general  union  of  all  water 
works  men,  first,  for  increasing  technical  knowledge,  sec- 
ond, for  the  promotion  of  public  and  personal  welfare 
through  giving  trained  men  complete  control  of  our  water 
supply. 


IRRIGATION  BY  PUMPING  AS  A  FIELD  FOR  EN- 
GINEERING PROMOTERS. 

In  our  November  Waterworks  and  Hydraulics  issue  we 
suggested  that  civil  engineers  should  find  a  profitable 
field  in  promoting  irrigation  projects  where  pumping 
could  be  effectively  applied.  Large  gravity  irrigation 
projects  have  so  engrossed  the  attention  of  engineers  in 
past  years  that  many  have  failed  to  realize  that  vastly 
greater  areas  can  be  irrigated  by  pumping  than  by  grav- 
ity. Moreover,  pumping  projects  can  be  undertaken  on 
a  relatively  small  scale,  thus  enabling  many  engineers  to 
promote  successful  irrigation  works  of  this  character. 
Irrigation  by  pumping  is  being  done  in  the  very  heart  of 
this  country,  and  therefore  so  close  to  the  homes  of  cap- 
italists that  their  interest  can  be  easily  aroused. 

We  shall  publish,  during  1917,  a  great  deal  of  infor- 
mation relative  to  irrigation  by  pumping.  Some  of  the 
information  will  not  be  new  to  some  of  our  readers,  for 
we  shall  abstract  matter  from  various  public  documents, 
trade  literature,  etc.  But  we  know  that  nearly  all  of  it 
will  be  new  to  most  of  our  readers.  In  any  event  it  will 
be  made  available  in  such  form  as  to  save  our  readers  a 
great  deal  of  labor  searching  for  it. 

We  hope  to  indicate  to  many  engineers  how  they  may 
so  prepare  themselves  with  knowledge  about  irrigation 
that  they  may  be  able  to  persuade  capitalists  to  back 
them. 

Several  methods  of  promotion  are  available.  A  few 
hundred  acres  of  land  may  be  purchased  outright  and  a 
pumping  plant  installed  upon  it.  Then  the  land  may  be 
sold  in  small  plots  to  farmers  who  receive  their  water 
from  the  central  pumps.  This  plan  works  well  where 
garden  truck  is  raised  on  the  land.  Another  plan  in- 
volves the  development  of  several  hundred  acres  to  be 
sold  en  bloc  after  it  has  been  operated  a  year  or  so.  A 
third  plan  involves  the  organization  of  a  small  irrigat- 
ing company  whose  stock  is  partly  or  entirely  sold  to  a 
small  group  of  farmers  whose  farms  are  watered  from  a 
central  pumping  plant  or  plants.  A  fourth  plan  is  to 
drill  the  wells  and  equip  the  irrigating  plant  under  a 
contract  with  the  owner  of  the  land.  The  contract  is 
preferably  a  cost  plus  a  percentage  contract,  in  which 
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the  percentage  is  forfeited  to  the  extent  that  the  actual 
cost  exceeds  the  estimated  cost. 

Many  engineers  have  already  learned  that  one  of  the 
best  ways  to  get  good  jobs  is  to  make  the  jobs.  Instead 
of  waiting  for  some  one  to  hire  them  for  a  salary  or  a  fee, 
they  fare  forth  and  discover  a  place  where  a  plant  would 
yield  a  profit.  Then  they  demonstrate  the  fact  and  se- 
cure the  necessary  financial  support  to  carry  out  their 
plans.  For  that  type  of  engineer  the  world  will  never 
be  "too  full  of  engineers." 

In  this  issue  we  publish  some  interesting  facts  about 
the  advantages  of  large  (30-in.  to  36-in.)  wells  and  meth- 
ods of  sinking  them. 


BETTER  A  LOAN  TO  THE  MISSISSIPPI  LEVEES 
THAN  TO  THE  EUROPEAN  ALLIES. 

For  nearly  40  years  the  Mississippi  River  Commission 
of  army  and  civil  engineers  has  existed,  and  during  its 
existence  has  periodically  pointed  out  the  advisability  of 
Federal  aid  in  building  a  great  levee  system  to  protect 
the  low  lands  of  the  Mississippi  delta.  Never  was  a  more 
worth  while  project  submitted  for  national  support,  with 
the  possible  exception  of  the  Panama  Canal.  At  half  the 
cost  of  that  great  waterway  the  levee  system  can  be  com- 
pleted, and,  for  an  equal  sum  in  addition,  drainage  ca- 
nals can  be  built  to  reclaim  14,000,000  acres  of  now  al- 
most useless  low  lands  in  the  great  delta. 

Half  a  billion  dollars'  credit  was  extended  to  Europe 
as  a  result  of  a  few  weeks'  conference  between  American 
and  European  financiers.  Doubtless  such  a  credit  was 
warranted.  It  has  kept  busy  many  a  mill  and  many  a 
farm  ajjd  many  a  mine  in  America — for  a  short  time.  Let 
us  consider  what  an  equal  sum  would  do  if  spent  in  the 
Mississippi  delta. 

Stretching  from  Memphis  to  New  Orleans  is  an  allu- 
vial deposit  covering  16,000,000  acres  in  area  and  of  great 
depth.  It  is  in  fact  a  vast  mine  where  for  centuries  the 
Mississippi  has  dumped  the  lime,  the  potash,  and  nitrates 
of  its  upper  reaches.  Here  is  a  veritable  "placer,"  whose 
nuggets  are  the  minerals  that  plants  may  feed  upon  and 
transmit  to  gold.  But  the  transmutation  can  be  effected 
only  under  two  conditions:  First,  protection  of  these 
lands  from  floods,  and,  second,  drainage  of  the  lower  bot- 
toms. 

Already  a  vast  levee  system  has  been  built  in  this  delta 
without  Federal  aid,  representing  some  $70,000,000,  but 
the  work  has  moved  at  snail's  pace.  While  these  levees 
have  made  possible  the  partial  reclamation  of  almost 
4,000,000  acres  of  land,  every  four  years  a  great  flood 
tops  them  and  destroys  millions  of  dollars  worth  of  prop- 
erty. To  give  complete  protection  to  these  4,000,000  acres 
and  to  make  possible  the  reclamation  of  the  remaining 
12,000,000  acres  of  this  delta,  about  230,000,000  cu.  yd.  of 
earth  must  be  added  to  the  existing  levees  at  a  cost  of 
less  than  $60,000,000,  and  then  brush  and  stone  mattress 
revetments  must  be  built  at  an  additional  cost  of  about 
$80,000,000.  Let  us  call  it  $150,000,000  for  the  levees  and 
their  revetments. 

No  experiment  is  involved  in  any  of  this  work,  for  the 
methods  of  construction  and  the  costs  have  been  well  es- 
tablished by  the  work  already  done.  In  fact  it  seems 
likely  that  if  the  work  were  done  within  a  period  of,  say, 
five  years,  the  cost  could  be  greatly  reduced;  for,  in  that 
event,  labor-saving  machinery  could  be  used  on  a  large 
scale.  We  think  it  altogether  likely  that  under  those  con- 
ditions the  earthwork  would  cost  less  than  20  ct.  per  cubic 
yard,  so  that  the  levees  alone  would  cost  not  more  than 
$45,000,000.  At  present  the  revetment  costs  about  $150,- 
000  per  mile,  and  as  700  miles  of  this  will  be  needed,  the 
present  prices  would  entail  a  total  cost  of  $105,000,000 
for  revetment.  But,  done  on  a  large  scale,  the  cost  of 
the  stone  and  brush  for  the  mattresses  would  be  reduced 
considerably,  probably  20  per  cent.  Hence  the  entire 
levee  system,  including  revetments  that  will  make  it  per- 
manent, can  be  built  for  about  $125,000,000.  This  much 
the  Federal  government  may  well  spend.  Indeed  we 
think  it  may  wisely  go  farther  and  bulid  the  network  of 
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drainage  canals  that  will  be  needed.  These  canals  now 
cost  about  $8  per  acre,  which  would  make  the  cost  of 
draining  the  12,000,000  acres  about  $100,000,000. 

Through  its  Reclamation  Service  the  Federal  govern- 
ment has  reclaimed  large  areas  of  arid  land  suitable  for 
certain  kinds  of  vegetation,  but  the  lands  thus  reclaimed 
are  not  adapted  for  cotton,  for  example.  In  brief,  not 
only  are  the  delta  lands  adapted  to  the  growth  of  crops 
difi'ering  from  those  of  the  arid  lands,  but  they  are  located 
in  the  very  heart  of  the  continent.  The  cost  of  the  levees 
and  revetments  necessary  to  reclaim  the  remaining  12,- 
000,000  acres  of  Mississippi  delta  lands  will  be  about  $10 
an  acre.  Adding  to  this  $8  for  the  drainage  canals  and 
laterals,  and  about  $17  per  acre  for  clearing  off  trees, 
gives  a  total  cost  of  about  $35  per  acre  for  land  that  will 
be  worth  at  least  $50  an  acre  when  thus  improved. 

An  expenditure  of  $35  an  acre  on  12,000,000  acres  would 
total  $420,000,000,  or  less  than  the  half-billion  dollar  loan 
to  the  Allies,  and  but  slightly  more  than  the  cost  of  the 
Panama  Canal.  Can  there  be  any  doubt  as  to  which  in- 
vestment would  be  most  advantageous  to  America  in  the 
long  run — a  war  loan  or  the  reclamation  of  12,000,000 
acres  of  most  fertile  soil? 


ARTIFICIAL  RAIN   FROM  ARTIFICIAL   CLOUDS. 

Artificial  rain  is  obtainable,  provided  artificial  clouds 
have  been  created.  It  may  astonish  hydraulic  engineers 
to  learn  to  what  extent  artificial  clouds  already  exist.  The- 
writer  was  surprised  when  he  began  to  make  inquiry  as 
to  the  use  of  what  are  called  "overhead  systems  of  irri- 
gation," or  the  artificial  rain  systems. 

One  of  the  most  widely  used  of  these,  "the  Skinner  sys- 
tem," is  to  be  found  in  every  state;  for,  contrary  to  pop- 
ular impression,  irrigation  is  'required  for  maximum  pro- 
ductivity even  in  the  most  humid  parts  of  America.  This 
system  consists  of  a  series  of  parallel,  overhead  pipes, 
provided  with  nozzles  spaced  3  to  4  ft.  apart.  The  pipes 
are  designed  to  be  rotated,  either  by  hand  or  by  power, 
so  that  the  fine  spray  of  water  from  the  nozzles  is  distrib- 
uted uniformly.  An  overhead  system  of  this  piping  equip- 
ment (exclusive  of  the  pumping  plant  and  mains  lead- 
to  the  field)  ordinarily  costs  about  $100  an  acre,  but 
the  increased  output  of  garden  truck,  resulting  from  the 
frequent  application  of  artificial  rain,  will  usually  re- 
pay the  full  first  cost  of  the  piping  plant  the  first  season. 

For  example,  the  Connecticut  Valley  Onion  Co.,  South 
Deerfield,  Mass.,  .states  that  on  a  plot  of  5  acres  they 
doubled  the  onion  crop  as  a  result  of  installing  overhead 
irrigation.  Then  they  added  15  acres,  and  harvested  800 
bu.  to  the  acre,  whereas  the  rest  of  the  farm,  which  was 
not  irrigated,  averaged  less  than  500  bu.  to  the  acre. 

One  of  the  improvements  in  this  overhead  system  is  the 
suspension  of  the  pipes  from  small  wire  cables,  thus 
greatly  reducing  the  number  of  supporting  columns.  At 
a  casual  glance  this  arrangement  looks  like  the  "catenary 
system"  of  a  modern  interurban  trolley  line.  In  our  Jan- 
uary Waterwcfi-ks  and  Hydraulic  issue,  illustrations  and 
description  of  this  novelty  will  be  given,  together  with 
information  about  the  automatic  devices  for  continuous 
"oscillation"  of  the  pipe  lines  during  sprinkling^ 

The  largest  farm  irrigated  by  "the  Skinner  system"  is 
that  of  R.  M.  Kellogg  Co.,  Three  Rivers,  Mich.  There 
are  120  acres  gridironed  with  overhead  pipes,  and  served 
by  a  centrifugal  pump  operated  by  a  75-hp.  electric  motor. 
The  pump  has  a  capacity  of  1,300  gal.  per  minute.  Elec- 
tric current  is  secured  from  the  lines  of  a  municipal 
power  plant.  Water  is  pumped  from  the  river.  The  en- 
tire plant — overhead  system,  mains,  pump,  motor  and 
building— cost  about  $30,000,  or  $250  per  acre.  Straw- 
berries and  cantaloupes  are  the  only  products  of  this  farm. 
The  glimpse  that  this  brief  editorial  has  given  of  the 
successful  application  of  artificial  rain  in  humid  climates, 
may  serve  to  turn  the  attention  of  more  engineers  to  this 
engineering  problem.  Certainly  this  is  a  field  that  has 
barely  begun  to  be  exploited  in  spite  of  the  fact  that  over- 
head irrigation  plants  are  by  no  means  a  novelty. 


December   13,    1916 
Vol.  XLVI.    No.  24 

EDITORIAL  COMMENT. 

The  mining  towns  of  Coolgardie,  Kalgoorie  and  others 
in  the  Goldfields  district  of  Australia  are  supplied  with 
water  that  is  pumped  330  miles.  According  to  Mr.  J.  D. 
Birrell,  in  The  Water  Works  Journal,  5,600,000  gal.  per 
24  hrs.  are  pumped  through  a  30-in.  "locking  bar  pipe" 
against  a  total  head  of  2,700  ft.  There  are  eight  pump- 
ing stations  and  20  Worthington  pumping  engines.  The 
plant  cost  $12,500,000,  which  is  an  investment  of  $2,230,- 
000  per  million  gallons  of  daily  capacity.  We  believe  this 
is,  by  all  odds,  the  most  costly  water  supply  plant  in  the 
world.  Estimating  the  fixed  charges  (interest  and  de- 
preciation) at  8  per  cent,  we  have  a  fixed  charge  of  50 
ct.  per  1,000  gal.  exclusive  of  operating  expenses.  Water 
evidently  comes  high  enough  in  Goldfields  to  make  even 
a  milkman  think  twice  before  using  it  as  a  diluent. 


A  business  man  who  has  been  highly  sujccessful  told 
the  writer  that  he  attributed  his  success  to  the  fact  that 
he  had  made  it  his  constant  business  to  keep  informed 
on  the  progress  of  applied  science.  "Ignorance,"  said 
he,  "is  the  best  patent  that  a  business  man  can  have  to 
protect  himself  from  competition — the  ignorance  of  the 
other  fellow."  If  so,  the  vast  majority  of  mankind  is 
pretty  well  shut  out  of  competition  with  the  few  who 
make  it  their  business  to  keep  abreast  of  scientific  prog- 
ress— provided  the  well  informed  few  are  alert  enough 
to  apply  their  knowledge.  "Knowledge  is  power"  only 
when  applied.  Engineering  is  the  application  of  science, 
but  relatively  few  engineers  go  forth  into  the  byways 
seeking  opportunity  to  apply  engineering.  Indeed,  most 
of  them  stand  around  waiting  for  some  fellow  who  is  not 
an  engineer  to  find  engineering  work  fbr  them.  Defec- 
tive engineering  training  accounts  largely  for  this  an- 
omolous  state  of  affairs. 


Few  men  have  learned  how  to  schedule  their  work  so 
as  to  achieve  a  maximum  of  success.  Neither  to  the  man 
who  spends  all  his  time  studying  what  others  have  dis- 
covered or  demonstrated,  nor  to  the  man  who  spends  all 
his  time  "mixing"  with  others,  does  the  greatest  worldly 
sucess  come.  The  confirmed  student. knows  so  few  men 
that  rarely  does  any  man  of  affairs  know  that  he  is  even 
well  informed.  The  bookworm's  chance  of  being  hired 
for  his  knowledge  is  therefore  rather  slim.  The  con- 
firmed "mixer"  spends  so  much  of  his  time  getting  and 
keeping  acquainted  that  he  rarely  learns  anything  save 
what  comes  to  him  by  word  of  mouth.  Shouldn't  the 
"mixer"  type  of  man  diligently  hunt  for  a  superior  speci- 
men of  the  "grind"  type  and  force  upon  him  the  chance 
to  acquire  a  large  income  through  membership  in  the 
firm  of  Mixer  &  Grind?  As  a  fact,  several  of  the  most 
sucessful  partnerships  in  the  consulting  engineering  field 
are  of  this  alloy. 
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LETTERS    TO    THE     EDITOR     CONCERNING     A 
UNION  OF  THE  TWO  WATER  WORKS 
SOCIETIES. 

It  seems  inconceivable  that  there  can  be  any  question 
of  the  eminent  desirability  of  effecting  as  close  a  union 
as  the  practical  men  may  find  feasible,  between  the  Amer- 
ican and  the  New  England  Water  Works  Associations; 
but,  as  I  read  your  editorial  of  Nov.  8,  "A  Proposed  Union 
of  the  Two  Water  Works  Societies,"  I  found  myself  ask- 
ing two  questions: — First,  "Why  only  these  two  associa- 
tions? Are  there  not  asteroidal  state  or  sectional  water 
works  associations,  in  parts  of  the  country  other  than 
New  England,  which  also  need  gathering  into  the  fold?" 
And,  second,  "Why  only  the  water  works  associations? 
Why  not  all  civil  (non-military)  engineering  societies?" 
I  soon  found  my  second  question  answered  by  your  edi- 
torial, further  on  in  the  same  issue:  "Shall  There  Be  a 
Federation  of  All  Civil  Engineering  Societies?" 
Why  not? 

The  American  Society  of  Civil  Engineers  (of  which  I 
am  an  associate)  has  in  so  far  outgrown  its  "identity" 
hysteria  of  a  dozen  years  ago  as  to  be  at  least  willing 
(and  by  a  large  majority)  to  dwell  under  the  same  roof 
with  other  national  engineering  societies. 

True,  this  was  accomplished  only  by  assuring  the  more 
timid  of  its  members  that  there  was  nothing  in  the  cry 
(set  up  by  some  of  the  "stalwarts")  that  the  .step  would 
mean  a  loss  of  some  of  its  precious  "identity"  to  the  A. 
S.  C.  E. ;  but  "the  Civils"  will  shortly  be  finding  that  the 
other  societies  are  not  the  dangerous  neighbors  that  they 
were  supposed  to  be ;  and  they  may  then  be  in  position  to 
consider  something  akin  to  the  bug-a-boo  they  feared; 
just  as  they  have  now  shown  themselves  broader-minded 
than  were  their  predecessors  of  that  earlier  day  when 
their  society  could  not  bring  herself  to  accept  the  hos- 
pitality of  her  sisters. 

"The  thoughts  of  men  are  widen'd  with  the  progress  of 
the  suns." 

And  every  real  patriot — every  man  desiring  his  coun- 
try's real  welfare,  and  willing  to  use  his  gray  matter  to 
perceive  upon  which  side  that  country's  bread  is  but- 
tered, will  not  only  welcome  Mr.  Gwinn's  suggestion  that 
the  greater  society  be  called  "International,"  but  will  in- 
sist that  it  be  international. 

Statesmen  may  continue  to  scheme  for  the  undoing 
of  the  race  by  the  perpetuation  and  the  accentuation  of  in- 
ternational boundaries.  Let  engineers  show  that  they 
have  outgrown  this  childishness,  and  that  they  can  clasp 
hands  across  these  relics  of  a  barbarism  which,  let  us 
hope,   is  becoming  effete. 

John  C.  Trautwine,  Jr. 
Philadelphia,  Pa. 


A  thoroughly  well  balanced  training  for  engineers 
would  be  one  that  would  compel  them  to  spend  about 
equal  parts  of  their  time  in  three  ways:  (1)  Going 
among  men  to  acquire  the  power  to  influence  them.  (2) 
Studying  what  other  men  have  discovered  and  invented. 
(31  Endeavoring  to  plan  and  carry  through  something  to 
fruition.  In  so  far  as  college  life  fails  to  give  systematic 
experience  along  these  three  lines  it  is  insufficient. 
Usually  too  much  emphasis  is  placed  on  the  second  of 
the  two  kinds  of  training  above  named.  It  then  devolves 
upon  the  graduate  to  train  himself  to  be  both  a  "mi.xer" 
and  an  executive. 


I  believe  it  would  be  of  benefit  to  all  if  there  was  but 
one  strong  organization  to  cover  the  United  States,  Can- 
ada, and  Mexico,,  and  any  outside  communities  which  it 
would  be  of  advantage  to  be  associated  with  the  main 
one  on  the  northern  part  of  this  continent. 

If  the  two  old  societies  can't  agree  to  eliminate  one  or 
the  other  let  them  select  some  new  and  appropriate  name 
that  will  embrace  all  parts  of  the  continent. 

D.  V.  Bell, 
Superintendent  Water  Cos.,  U.  P.  R.  R.  Co. 

Rock  Springs,  Wyo. 


Yes,  "politics"  is  a  much  abused  word,  but  poli- 
ticians have  .so  abused  the  public  that  who  can  now 
be  seriously  critici-sed  for  asking  that  "politics"  be  elim- 
inated from  water  works  management  and  other  municipal 
affairs?  If  every  organization  of  municipal  engineers 
and  superintendents  of  water  works,  streets,  etc.,  will 
"jump  in,"  graft  politicians  and  ignorant  politicians  can 
be  forced  to  jump  out,  fall  out  and  stay  out.  But  there 
will  be  no  real  "jumping  in"  until  we  all  jump  together. 


If  the  interest  of  all  water  works  associations  could 
be  conserved  by  one  great  national  organization,  it  would 
of  course  be  desirable  to  consolidate  all  such  associa- 
tions into  one,  but  the  very  fact  that  there  are  a  great 
many  small  water  works  the  superintendents  of  which 
would  like  to  attend  the  convention  of  water  works  offi- 
cials, but  cannot  cannot  afford  to  do  so,  and  which  fact 
has  called  smaller  associations  into  existence,  like  the 
Illinois,  Central  States  and  others,  it  would  seem  that 
there  is  a  field  for  local  associations,  as  well  as  one  of 
a  national  character.  These  associations  are  intended  to 
be   helpful  to   its  members   and  when   any   one   of  them 
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cease  to  be  so  the  latter  will  seek  membership  in  the 
one  which  best  meets  that  requirement.  The  time  may 
come  when  the  members  of  the  two  associations  you  re- 
fer to  will  find  it  desirable  to  consolidate,  but  the  move 
must  originate  and  find  expression  from  among  its  mem- 
bers in  order  to  be  successful. 

G.  H.  Benzenberg, 
Consulting  Engineer. 
Milwaukee,  Wis. 


I  have  asked  our  sanitary  engineer  to  state  his  opin- 
ion as  to  the  desirability  of  consolidating  the  two  water 
works  associations.    His  statement  is  as  follows: 

"The  advantages  in  the  consolidation  of  the  two  water 
works  associations  must  be  apparent  to  all  members  of 
either  or  both  organizations,  and  to  all  persons  interested 
in  water  works.  Consolidation  will  eliminate  useless 
duplication.  The  economies  effected  thereby  will  enable 
the  publications  of  the  consolidated  organization  to  cover 
the  entire  field  more  thoroughly  than  could  be  attempted 
by  either  organization  at  present.  The  data  published  by 
both  organizations  constitute  two  different  sources  of 
information  to  the  public.  The  reports  of  any  one  com- 
mittee in  either  organization  lack  at  present  the  confir- 
mation of  the  other  organization.  The  interested  pub- 
lic would  be  greatly  benefited,  not  only  from  the  point  of 
view  of  saving  time,  but  also  by  obtaining  valuable  au- 
thentic information,  if  these  two  organizations  were  con- 
solidated." 

Pittsburgh  Testing  Laboratory, 

Director  of  Laboratories. 

Pittsburgh,  Pa. 


It  seems  to  me  that  your  position  in  the  matter  of  a 
consolidation  of  the  two  Water  Works  Associations  is 
very  appropriate. 

I  am  a  member  of  both  societies  and  consider  the  Pro- 
ceedings secured  by  my  membership  worth  the  expense. 
However,  I  see  absolutely  no  reason  why  the  two  associa- 
tions should  not  become  one,  and  believe  that  the  com- 
bined influence  will  be  much  greater  than  the  divided 
influence  of  the  two  old  societies. 

W.   R.   Gelsten, 
Superintendent  Water  Works  Commission. 

Quincy,  111. 


I  have  been  a  member  of  both  of  these  organizations 
for  several  years,  and  feel  that  they  should  be  consoli- 
dated. Under  the  present  system,  there  is  a  considerable 
amount  of  duplication  of  Committee  work;  also  a  dupli- 
cation of  papers  and  discussions  on  important  water  sup- 
ply subjects.  I  feel  that  since  the  American  Water  Works 
Association  has  authorized  the  formation  of  local  sec- 
tions, that  the  main  argument  against  the  consolidation 
has  been  removed.  As  I  see  it,  the  chief  advantage  that 
the  New  England  Association  has  had  over  the  American 
Association,  is  that,  covering  only  a  limited  territor:,, 
it  has  been  possible  to  hold  frequent  meetings,  and  hence, 
the  members  have  become  acquainted  with  one  another, 
and  the  papers  presented  at  these  meetings  have  always 
called  forth  much  discussion. 

Since  leaving  New  England,  I  have  continued  to  belong 
to  the  Association,  in  order  to  receive  the  proceedings, 
but  I  feel  that  a  single  society  would  be  able  to  publish 
a  journal  which  would  prove  to  be  of  greater  value  to 
water  works'  men,  than  the  two  now  published.  One  na- 
tional association  of  water  works'  men  would  be  capable 
of  fostering  a  greater  expansion  than  two  separate  so- 
cieties, and  I  trust  such  an  association  will  be  formed  in 
the  near  future.  H.  P.  Lettey, 

Sanitary  Engineer,  U.  S.  Public  Health  Service. 

Chicago,  111. 


The  editorial  articles  in  your  issue  of  Oct.  11,  entitled 
"Competing  Water  Works  Societies  and  the  Resulting 
Loss  of  Efliciency"  and  "Why  Have  -Two  Water  Works 
'Shows'?"  have   been   read   with   interest.     They  present 


an  argument  which  might  be  unanswerable  if  certain 
conditions  were  different. 

In  the  first  place,  there  is  a  considerable  overlapping 
of  the  membership.  I  do  not  know  how  many  persons 
belong  to  both  the  American  and  the  New  England 
Water  Works  Associations,  but  it  is  probably  safe  to 
say  that  the  number  is  between  100  and  200.  Among 
the  past  presidents  of  the  New  England  Association  two 
have  also  held  the  presidency  of  the  American  Associa- 
tion. If  consolidation  were  at  present  practicable  these 
two  men  would  naturally  be  found  working  for  it;  but 
such  is  not  the  case. 

Next  let  us  compare  the  histories  of  the  two  societies. 
The  New  England  Association  from  the  start  has  had 
from  four  to  seven  or  eight  meetings  a  year;  until  verj' 
recently  the  American  had  but  one.  The  New  England 
Association  has  published  a  quarterly  journal  almost 
from  the  beginning;  the  American  Association  has  had 
such  a  quarterly  only  two  years.  The  character  and 
significance  of  the  papers,  discussions,  and  committee 
reports  has  also  been  materially  different  until  within 
the  last  decade.  Is  it  fair  to  expect  the  New  England 
Association  to  merge  with  the  American,  at  any  rate 
until  the  latter  has  demonstrated  that  the  "reformation" 
is  permanent?  and  that  the  experiment  of  the  establish- 
ment of  the  sections  will  in  fact  make  possible  all  that 
independent  existence  has  made  possible  to  the  New 
England  Water  Works  Association? 

Leaving  such  matters  out  of  considera*:ion,  however, 
what  would  the  members  of  the  New  England  Associa- 
tion have  to  gain  by  merging  with  the  American  Asso- 
ciation, becoming  a  local  branch  of  the  latter?  If  all 
the  members  retained  their  membership,  they  would  be- 
long to  a  larger  and,  perhaps,  more  influential  society; 
and  they  would  receive  all  the  papers  presented  to  all  the 
sections  of  the  association.  On  the  other  hand,  how- 
ever, the  annual  dues  would  be  increased  from  $3  to  $5; 
the  headquarters  would  be  (presumably)  in  New  York, 
and  much  less  accessible  to  the  ordinary  New  England 
member;  a  large  proportion  of  the  conventions  would 
be  in  such  distant  cities  that  there  would  be  no  possi- 
bility of  his  attending;  and  there  has  been  a  certain  de- 
gree of  domination,  of  the  American  Association  (par- 
ticularly at  its  conventions),  by  the  manufacturers,  to 
which  the  New  England  members  have  been  unwilling 
to   submit   in  their   own   organization. 

It  will  be  urged  that  the  men  now  holding  duplicate 
membership  will  be  relieved  of  one  set  of  dues.  This  is 
true,  but  these  are  mostly  professional  men  and  superin- 
tendents in  the  large  cities,  to  whom  the  additional  pay- 
ment is  a  matter  of  slight  moment.  The  ordinary  small- 
town superintendent  would,  however,  feel  the  increase 
in  dues  from  $3  to  $5  as  unreasonable,  particularly  in 
view  of  the  other  inconvenience  or  losses,  and  it  is  be- 
lieved that  a  large  loss  of  membership  would  result.  If 
the  consolidated  society  exceeded  1,600  in  membership, 
even  after  several  years  of  campaigning,  it  would  be  sur- 
prising. 

There  is  some  probability  that  at  the  present  time  a 
wholesome  rivalry  between  the  two  societies,  which  are 
nearly  equal  in  membership  and  perhaps  in  influence,  is 
resulting  in  urging  them  both  to  efforts  which  would  not 
be  made  without  this  spur. 

But  "Why  Do  We  Have  Two  Water  Works  Shows?" 
Because  it  is  one  of  the  best  ways  in  which  manufacturers 
can  advertise  their  goods.  If  the  two  conventions  could 
be  combined  into  one  of  double  the  size,  so  that  the  ex- 
hibits could  reach  twice  as  large  a  clientele  with  but  little 
larger  cost,  it  would,  of  course,  be  much  to  their  advan- 
tage; but  I  believe  that  consolidating  the  societies  and 
holding  but  one  convention  would  not  result  in  mate- 
rially increasing  the  attendance.  Rather  it  would  mean 
that  the  manufacturers  would  nearly  cut  in  half  the  audi- 
ence before  which  their  "show"  is  staged. 

In  short,  mere  consolidation  would  accomplish  but  little 
unless  the  local  section  experiment  proves  successful  and 
the  central  organization  can  grow  to  really  national  pro- 
portions and  representation,  and  this  is  largely  a  financial 
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problem,  as  a  brief  consideration  of  the  experience  of 
other  societies  will  make  clear.  The  problem  is  the  more 
difficult  in  that  increase  in  dues  means  loss  in  members. 

So  far  as  the  New  England  Water  Works  Association 
is  concerned,  were  it  to  become  a  section  of  the  American 
Water  Works  Association  it  would  suffer  increase  in  dues, 
with  decrease  in  funds  available  to  it  to  maintain  its 
headquarters  and  to  publish  in  full  its  transactions,  for 
it  has  always  been  the  thriftier  manager  of  the  two,  and 
the  more  active  organization.  Mere  consolidation  of 
widely  scattered  units  does  not  always  benefit  closely 
knit,  well-managed  local  organizations,  particularly  if 
their  experience  and  traditions  have  been  different.  As 
a  case  in  point  one  might  ask  "Would  not  great  gain  result 
from  an  amalgamation  of  Engineering  and  Contracting, 
Engineering  Record,  and  Engineering  News?"  What  a 
subscription  list  there  would  then  be,  and  how  much 
larger  a  field  the  advertiser  would  reach!  No  subscriber 
would  then  miss  any  important  article  because  he  did  not 
take  all  three  papers,  and  he  would  get  it  all  for  the 
price  of  one!  Yet  I  doubt  if  consolidation  of  these  papers 
would  be  for  the  best  interest  of  the  public  or  of  the 
individual.  Charles  W.  Sherman, 

Consulting  Engineer. 

Boston,  Mass. 


I  have  read  with  much  interest  your  article  on  the  con- 
solidation of  the  two  water  works  associations,  and  while 
consolidation  is  a  good  thing  in  many  instances,  it  seems 
to  me  that  if  the  two  societies  were  united  it  might  take 
away  many  very  pleasant  associations. 

With  so  large  a  body  of  men  and  so  few  meetings  in 
the  year,  it  would  have  a  tendency  for  members  to  lose 
their  interest  in  it.  Also  the  New  England  Water  Works 
Association  would  lose  some  of  its  authority  and  broth- 
erly feeling  in  a  way.  I  have  been  a  member  of  the 
New  England  Association  for  the  past  17  years  and  have 
attended  many  of  their  meetings  in  Boston  and  received 
much  good. 

I  believe  in  each  society  working  for  the  best  interest 
of  each  other,  and  for  the  betterment  of  all. 

I  should  feel  very  sorry  to  learn  that  the  New  England 
Water  Works  Association  was  to  be  no  more.  It  was  a 
great  work  that  those  few  superintendents  got  together 
and  started  years  ago. 

Let  the  good  work  that  they  started  go  on,  for  time 
has  proved  it  to  be  all  O.K.  If  it  could  be  done,  I  should 
say  that  it  would  be  a  grand  thing  to  eliminate  politics, 
and  the  water  works  would  be  run  in  a  more  profitable 
way. 

I  should  say  for  the  present  let  well  enough  alone.  My 
point  of  view  may  be  considered  one-sided,  as  I  only  be- 
long to  one  society.  Frank  B.  Wilkins, 

Superintendent  Water  Works. 

Milford,  N.  H. 


Personally,  I  can  see  no  real  benefit  to  be  derived  by  the 
mere  consolidation  of  the  two  societies,  the  American 
and  the  New  England  Water  Works  Associations.  To 
many  of  us,  who  find  we  cannot  take  a  day  off  in  the 
middle  of  the  week,  and  travel  40  to  100  miles  to  attend 
the  monthly  meetings  of  any  society,  membership  merely 
signifies  subscription  to  another  magazine;  and  the  re- 
ceipt of  the  monthly  or  quarterly  proceedings  is  the  only 
benefit  we  derive  therefrom.  Therefore,  it  signifies  little 
to  us  as  to  whether  there  be  one  or  a  dozen  such  societies. 
The  larger  number  simply  gives  us  a  choice  as  to  which 
proceedings  we  prefer  to  subscribe. 

This,  to  my  mind,  constitutes  the  greatest  objection  to 
one  large  society,  to-wit,  the  meetings  must  of  necessity 
be  held  at  one  place  which  is  bound  to  be  remote  from 
the  vast  majority  of  its  members.  This  prohibits  their 
attendance,  thus  defeating  the  very  aim  of  the  large  so- 
ciety— that  of  bringing  many  men  into  close  fellowship. 

It  is  proposed  to  alleviate  this  condition  by  means  of 
local  branches  or  chapters.  This  remedy  certainly  sounds 
attractive  and  these  smaller  meetings  can  be  made  very 
interesting   and   enjoyable.     The   main   objection    that    I 


can  see  here  is  that  small  chapters  or  branches  will  not 
be  able  to  secure  the  men  for  speakers  or  the  papers  for 
their  meetings  that  a  larger  organization  can.  This, 
again,  can  be  wholly  remedied  by  a  close,  hearty  and 
friendly  co-operation  betweert  all  the  chapters,  big  and 
little;  the  larger  ones  contributing  freely  and  gladly  of 
their  possible  abundance  to  the  smaller  ones'  probable 
scarcity.  By  doing  this,  all  or  nearly  all — surely  a  larger 
number  than  at  present — would  receive  that  real  benefit 
to  be  desired,  that  of  "rubbing  elbqjws"  with,  enjoying  the 
good  fellowship  of,  as  well  as  comparing  experiences 
with,  his  fellow  engineers. 

As  far  as  the  national  society's  taking  an  active  part  in 
eliminating  politics  from  the  management  of  city  water 
works  is  concerned,  I  think  every  engineer  should  say, 
"Go  to  it!"  At  least  I  presume  you  mean  by  "politics" 
partisan  or  bad  politics;  for  there  are  both  good  and  bad 
politics.  It  has  been  rumored  that  even  civil  engineers 
have  been  known  to  use  all  the  political  subterfuges  at 
their  command  to  get  a  particularly  attractive  position. 
But  possibly  this  is  aside  from  the  question. 

J.  A.  Cushman. 

Clinton,  Mass. 


While  common  sense  suggests  one  society  with  local 
chapters,  nevertheless  I  am  of  the  opinion  that  the  best 
interests  of  the  New  England  Waterworks  Association 
will  be  served  by  a  continuance  of  its  present  name  and 
organization.  Therefore  if  I  am  called  upon  as  a  mem- 
ber of  that  society  to  vote  on  the  question  of  the  union 
of  the  two  societies,  I  will  vote  in  the  negative. 

Richard  W.  Sherman, 
Consulting  Engineer. 

Albany,  N.  Y. 


I  have  read  with  a  great  deal  of  interest  the  letters  that 
you  are  now  printing  relating  to  a  union  of  the  two  water 
works  societies. 

The  writer  is  one  of  the  younger  members  of  both  of 
these  societies,  having  joined  them  since  1910.  He  has 
studied  with  care  the  papers  that  have  been  published 
in  the  proceedings,  and  has  derived  a  great  deal  of  benefit 
therefrom. 

The  Journal  of  the  New  England  Water  Works  Asso- 
ciation has  papers  containing  a  great  deal  of  valuable 
matter  that  otherwise  might  not  have  reached  the  water 
works  fraternity.  On  the  other  hand,  if  these  matters 
can  all  be  incorporated  in  the  proceedings  of  one  national 
organization,  I  believe  that  it  would  be  of  greater  benefit 
than  the  present  division  into  two  publications. 

It  occurs  to  me  that  a  union  of  the  New  England  Water 
Works  Association  with  the  national  organization  might 
deepen  the  interest  of  the  more  local  organizations.  They 
no  doubt  have  an  "esprit  de  corps,"  due  to  local  condi- 
tions and  the  contracting  territory  that  is  covered,  that 
would  be  difficult  to  duplicate  in  a  national  organization. 
This  spirit  could  be  continued  by  provisions  for  local 
chapters,  as  some  of  the  letters  have  suggested. 

Personally,  I  would  regret  very  much  to  see  the  Jour- 
nal of  the  New  England  Water  Works  Association  discon- 
tinued. On  the  other  hand,  if  the  two  organizations  can 
be  combined  and  secure  better  results,  I  would  favor  such 
a  proceeding.  F.  L.  Anders, 

City  Engineer. 

Fargo,  N.  Dak. 


I  have  read  your  editorial  on  the  union  of  the  two  water 
works  societies,  and  also  most  of  the  letters  from  mem- 
bers of  the  two  societies  commenting  on  your  editorial 
on  the  same  subject. 

With  regard  to  the  union  of  the  two  water  works  so- 
cieties, I  am  personally  absolutely  and  unqualifiedly  op- 
posed to  the  same.  The  New  England  Water  Works  Asso- 
ciation has  made  for  itself  a  name  and  place  in  this  coun- 
try which  cannot  be  duplicated  by  any  other  society,  and 
which  I  for  one  do  not  feel  should  be  swallowed  up  or  ab- 
sorbed by  any  other  organization.    There  is  room  enough 
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in  this  country  of  ours  for  two  such  societies,  and  I  can 
see  no  advantage  in  the  proposed  union. 

I  should  regret  it  very  much  if  the  associate  members 
decline  to  exhibit  at  either  of  the  associations'  meetings, 
but  if  they  feel  they  cannot  afford  the  expense  of  both, 
it  is  for  them  to  decide  which  of  the  two  is  the  more  de- 
sirable to  retain  on  their  exhibition  list.  As  has  already 
been  said,  a  great  many  of  our  active  members  attend  the 
convention  principally  to  find  out  and  study  what  new 
appliances  may  have, been  brought  out  to  help  in  the 
prosecution  of  their  daily  work;  the  papers  that  are  read 
at  our  convention  can  be  studied  at  their  homes  in  the 
journal  when  issued.  From  some  of  the  reports  of  sales 
made  at  our  last  coHvention  in  Portland,  I  do  not  be- 
lieve many  of  the  associate  members  will  be  inclined  to 
abandon  their  annual  exhibition  at  our  September  con- 
ventions. However,  if  such  is  the  case,  and  it  is  a  loss 
to  us,  we  must  bear  it  as  best  we  can  and  satisfy  our- 
selves with  the  intellectual  feasts  which  are  always  ob- 
tainable at  those  meetings.  I  have  many  personal  friends 
among  the  associate  membership,  and  should  regret  very 
much  their  absolute  withdrawal  from  our  meetings,  but 
if  the  firms  which  they  represent  feel  that  they  cannot 
afford  longer  to  continue  showing  their  goods.  I  cannot 
feel  that  the  New  England  Water  Works  Association  can 
any  better  afford  to  allow  its  individuality  and  reputation 
to  be  absorbed  by  any  other  association  now  in  existence 
or  that  may  be  formed  in  the  future. 

A.  E.  Martin, 
Superintendent  Water  Department. 

Springfield,  Mass. 


I  believe  that  the  best  interests  of  the  water  works 
branch  of  the  engineering  profession  would  be  best 
served  by  one  strong  national  society  with  local  chap- 
ters. In  my  opinion,  the  national  society  should  hold 
one,  or  perhaps  two,  meetings  per  year,  and  the  local 
branches  should  meet  as  often  as  may  seem  most  desira- 
ble to  the  members  of  the  local  branch,  possibly  once  or 
twice  per  month. 

Regarding  the  desirability  of  the  national  society  tak- 
ing an  active  part  in  eliminating  politics  from  the  man- 
agement of  city  water  works,  I  believe  that  this  is  most 
desirable  wherever  it  can  be  effectively  done.  I  believe 
that  any  engineering  organization  should  take  such  steps 
as  may  be  possible  for  the  betterment  not  only  of  the 
interests  of  its  members,  but  of  the  public  at  large,  and 
surely  the  establishing  of  the  practice  of  technical  and 
professional  employes  of  the  city  on  the  basis  of  their 
technical  skill  rather  than  their  political  affiliation  is  a 
step  in  this  direction.  Elton  D.  Walker, 

Professor   of   Hydraulic    and    Sanitary   Engineering, 

Pennsylvania  State  College. 

State  College,  Pa. 


As  a  member  of  both  societies,  I  see  no  reason  why  the 
union  of  these  two  important  water  works  associations 
would  not  be  productive  of  much  good  in  promoting 
greater  efliciency  in  the  water  works  business  of  this 
country.  "In  union  there  is  strength."  Should  these  two 
societies  unite  under  a  different  name  with  local  chap- 
ters or  sections  throughout  the  country,  I  do  not  think 
it  would  be  long  before  local  associations  would  join,  as 
all  these  associations  seem  to  have  a  common  aim  and  a 
common  goal,  namely,  to  attain  greater  efficiency  in  the 
management  and  service  of  the  water  utility.  More 
definite  principles  could  be  established  for  the  guidance 
of  all  water  works.  A  national  society  with  one  journal 
could  give  to  its  members  the  product  of  the  best  thought 
and  discussion  on  all  vital  questions  concerning  the 
•water  works  business. 

I  think  the  national  society  should  take  an  active  part 
in  eliminating  "politics"  from  the  management  of  mu- 
nicipal  water  works. 

I  believe  the  good  it  could  do  along  these  lines  would 
be  far  reaching  in  its  effect  to  educate  the  people  to  the 
fact  that  municipally  owned  water  works,  because  of 
"politics,"   are   often   inefficiently   managed   and    inferior 


ENGINEERING 
AND      CONTRACTING 

service  rendered  at  a  greater  cost  to  the  taxpayer  than 
private  water  works,  although  the  demagog  tries  to  make 
the  people  believe  that  the  reverse  is  true.  If  municipali- 
ties were  required  to  conduct  their  water  works  along  the 
same  lines  as  private  water  works  and  give  a  strict  ac- 
counting of  the  cost,  etc.,  there  would  doubtless  be  revela- 
tions that  would  change  the  prevalent  opinion  that  mu- 
nicipal and  government  ownership  benefits  the  people 
from  the  standpoint  of  efficiency  and  economy. 

Certainly  one  national  society  would  be  more  instru- 
mental in  bringing  about  such  a  reform  than  local  asso- 
ciations in  their  limited  spheres. 

E.  D.  Bistline, 

Secretary  Lebanon   Valley  Consolidated  Water  Supply 
Co. 

Newport,  Pa. 


I  feel  it  would  be  of  considerable  advantage  if  the  two 
great  water  works  societies  of  this  country  could  be  har- 
moniously merged  together.  These  societies  offer  the 
manufacturer  and  consumer  an  opportunity  to  get  to- 
gether and  exchange  experiences  to  mutual  advantage. 
In  order  to  give  all  the  interested  parties  an  opportunity 
to  discuss  questions  having  to  do  with  the  manufacture 
of  water  works  supplies,  it  is  now  necessary  to  take  up 
these  problems  with  each  of  the  societies,  which  means 
a  duplication  of  effort.  The  local  chapters  of  such  a  na- 
tional water  works  society  would  serve  for  the  discussion 
of  local  problems  and  would  lead  up  to  more  general  dis- 
cu.ision  after  such  matters  had  developed  into  national 
importance.  F.  N.  Speller, 

Metallurgical  Engineer,  National  Tube  Co. 

Pittsburgh,  Pa. 


It  appears  to  me  as  a  member  of  the  New  England  Asso- 
ciation that  as  the  consolidation  of  the  two  associations 
demands  their  division  again  into  local  chapters  they  will 
finally  be  united  in  name  and  not  in  fact. 

There  is  more  interest  now  taken  in  the  discussion  of 
water  works  problems,  and  more  effort  made  to  solve  them 
by  the  New  England  Association  than  there  would  be  if 
that  association  became  merely  a  chapter  of  a  large  and 
unwieldly  organization. 

No  association  of  water  works  employes  can  eliminate 
"politics"  from  the  management  of  city  water  works. 
Those  who  wish  to  reform  or  eliminate  "politics"  from 
public  affairs  usually  wish  to  direct  public  policy  as  they 
think  is  best.  Not  until  politicians  cease  to  direct  and 
control  the  national,  state  and  municipal  governments 
will  they  lose  control  of  the  minor  divisions  thereof. 

The  water  works  superintendent,  manager  or  engineer 
should  bear  in  mind  that  the  management  of  his  city 
changes  frequently,  and  that  such  management  has  the 
right,  as  well  as  the  power,  to  change  the  policy  or  the 
personnel  of  the  department,  and  he  should  be  prepared 
to  seek  other  employment  when  he  becomes  persona  non 
grata. 

H.  B.  Macksey, 
Superintendent  of  Public  Works. 

Woburn,  Mass. 


I  have  read  the  editorial  and  letters  in  the  November 
Water  Works  and  Hydraulic  issue  on  the  projected  union 
of  the  two  societies  and  see  that  much  has  been  said  in 
favor  of  the  suggestion  as  well  as  something  against  it. 
I  do  not  know  what  the  general  sentiment  is  in  the  N.  E. 
W.  W.  Association,  of  which  I  am  a  member,  but  speak- 
ing as  an  individual,  I  should  say  that  the  proposed  union 
would  be  a  step  forward  toward  obtaining  standard  speci- 
fications for  pipes,  fire  protection  service,  accounting,  etc. 

I  am  in  favor  of  the  N.  E.  Association  continuing  its 
own  meetings  and  also  publishing  its  journal,  even  if  the 
more  important  papers  from  New  England  members  were 
to  be  printed  in  the  journal  of  the  main  society. 

In  regard  to  your  second  query  I  understand  that  as 
the  word  "politics"  is  in  quotation  marks  that  it  means 
polities  in  a  bad  sense.  Referring  to  a  copy  of  Webstei-'s 
unabridged  I  find  that  politics  in  a  bad  sense  means  "art- 
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ful  or  dishone.st  management  to  secure  the  success  of  po- 
litical candidates  or  parties;  political  trickery."  Taking 
tliis  to  be  the  meaning  in  question  I  should  say  that  the 
national  society  would  be  shamefully  derelict  in  its  high- 
est duties  if  it  did  not  take  an  active  part  in  eliminating 
"politics"  from  the  management  of  municipal  water 
works.  However,  as  the  word  politics  in  a  good  sense 
means  "The  science  of  government;  that  part  of  ethics 
which  has  to  do  with  the  regulation  and  government  of 
a  nation  or  state,  the  preservation  of  its  safety,  peace  and 
prosperity,  the  defense  of  its  existence  and  rights  against 
foreign  control  or  conquest,  the  augmentation  of  its 
strength  and  resources,  and  the  protection  of  its  citizens 
in  their  rights,  with  the  preservation  and  improvement 
of  their  morals,"  I  should  say  that  the  National  Water 
Works  Association  might  do  well  to  take  an  active  part 
in  introducing  the  good  variety  of  politics  in  municipal 
water  works  management  and  anywhere  else  where  it 
appeared  to  be  needed.  Frank  S.  Bailey, 

With  Stone  &  Webster  Engineering  Corporation, 

Boston,  Mass. 
East  Braintree,  Mass. 


A  combination  of  the  New  England  and  the  American 
Water  Works  Associations  would  surely  increase  the 
efficiency  and  the  economy  of  the  work  of  the  two  organ- 
izations. 

One  organization  could  furnish  a  monthly  journal  to 
its  members.  This  would  be  more  easily  done  with  a 
large  membership,  for  a  large  part  of  the  cost  of  publi- 
cation consists  in  preparing  the  matter  for  press.  After 
tne  matter  is  prepared  for  the  press»  copies  can  be  fur- 
nished to  additional  members  for  the  mere  cost  of  print- 
ing. The  equivalent  of  the  two  journals  now  issued  could 
be  sent  to  the  members  of  the  combined  organizations  for 
very  little  if  any  increased  cost. 

E.xcept  when  joint  meetings  are  held,  meetings  of  the 
two  organizations  should  be  continued.  The  Illinois 
Water  Supply  Association,  for  example,  has  given  up  its 
identit}'  to  become  a  section  of  the  American  Water 
Works  Association,  but  the  members  residing  in  Illinois 
v.'ish  to  continue  their  meetings.  Many  of  them  find  it 
impossible  to  spend  the  time  to  travel  the  great  distances 
to  attend  all  the  general  meetings.  The  sectional  meet- 
ings provide  near  home  an  opportunity  for  men  who  have 
similar  problems  to  get  together. 

Some  plan  for  union  can  be  devised  in  which  both  of 
these  strong  organizations  can  get  together.  Each  can 
retain  some  interest  in  the  name  and  in  the  organizations 
of  a  large  association.  Personally,  I  should  like  to  see 
committees  appointed  by  the  two  organizations  to  con- 
sider the  union  and  to  suggest  a  scheme  under  which 
union  may  be  brought  about. 

Edward  Bartow, 
Director  State  Water  Survey,  University  of  Illinois. 

Urbana,  111. 


The  union  of  the  two  large  water  works  societies  which 
you  have  so  ably  advocated  in  your  recent  editorials  in 
Engineering  and  Contracting  is  a  subject  which  merits 
serious  consideration.  Duplication  of  effort  is  waste- 
ful and  retards  progress.  However,  no  union  can  really 
be  effective  that  does  not  have  the  sincere  co-operation 
of  both  parties.  Unless  the  ideals  and  objects  to  be  at- 
tained in  both  organizations  are  alike,  union  will  be  of 
little  or  no  value  to  either  society.  The  euphonious 
phrases  which  may  be  found  in  their  written  constitutions 
and  which  purport  to  express  the  objects  of  their  organ- 
isation, do  not  necessarily  indicate  how  well  these  ideals 
are  lived  up  to. 

A  federation  of  the  two  societies  might  be  possible  with- 
out either  one  losing  its  identity.  But  a  federated  associa- 
tion needs  able  guidance  in  order  to  make  possible  true  co- 
operation. The  formation  of  local  chapters  may  be  ad- 
visable, but  the  creation  of  divisions  into  which  the  vari- 
ous phases  of  waterworks  construction,  operation  and 
maintenance   will   naturally    divide   themselves,    and    the 
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meeting  of  these  divisions  or  sections  at  different  periods 
of  the  .vear,  seems  to  the  writer  a  better  plan. 

Any  candid  observer  in  the  waterworks  field  is  bound 
to  admit  that  considerable  progress  has  been  made  during 
the  last  decade  in  reducing  the  bad  effects  of  political 
interference  in  waterworks  management,  in  spite  of  the 
fact  that  there  are  still  with  us  many  horrible  examples. 
No  one  realizes  so  well  as  the  waterworks  manager  the 
high  price  the  tax  and  rate  payers  hand  over  annually,  so 
that  the  great  American  game  of  politics  may  continue  to 
be  played.  If  those  who  foot  the  bills  prefer  to  pay  and 
growl  rather  than  to  bestir  themselves  and  demand  ef- 
ficiency instead  of  inefficiency,  what  can  the  conscientious 
waterworks  manager  do  except  to  utter  protest  against 
unbusiness  like  methods  whenever  opportunity  offers.  If 
he  follows  this  course  the  time  will  come  when  he  will  be 
able  to  point  to  his  record  and  say  to  the  careless  and  in- 
different layman,  "I  told  you  so  but  you  would  not  listen." 

You  have  my  best  wishes  for  your  campaign  of  agitation 
and  education. 

J.  W.  Ellms, 
Consulting  Engineer. 

Cincinnati,  O. 


I  have  read  with  interest  your  editorial,  "The  Union  of 
the  Two  Water  Works  Societies." 

I  am  a  firm  believer  in  one  national  society  with  local 
chapters.  These  local  chapters  should  more  and  more  be 
conducted  in  the  interests  of  the  men  actually  in  charge 
of  the  smaller  water  works  plants.  The  criticism  that 
these  organizations  have  over-shadowed  the  average  wa- 
ter works  Superintendent  has,  unfortunately,  a  basis  in 
fact.  The  national  society  should  certainly  take  an  active 
part  in  seeing  that  the  management  of  city  water  works 
remains  constantly  in  the  hands  of  competent  men,  and 
that  so-called  politics  are  eliminated. 

Alexander  Potter, 
Consulting  Engineer. 

New  York,  N.  Y. 


Your  article  in  the  October  issue  on  the  union  of  the 
two  water  works  societies,  and  your  article  on  "Why 
Have  Two  Water  Works  Shows,"  are  very  timely  and 
should  have  the  earnest  attention  of  the  officials  of  both 
societies. 

There  is  no  question  but  that  better  results  could  be 
obtained  through  one  national  organization  having  geo- 
graphical sections,  and  possibly  state  sections. 

I  believe  that  a  single  organization  could  get  better  re- 
sults in  the  matter  of  eliminating  politics  in  the  manage- 
ment of  city  water  works. 

Walter  P.  Schwabe, 
President  Thompsonville  Water  Co. 

Thompsonville,  Conn. 


For  a  number  of  years  I  have  been  a  member  of  both 
the  New  England  Water  Works  Association  and  of 
the  American  Water  Works  Association,  and  it  is  my  opin- 
ion that  eventually  the  New  England  Water  Works  Asso- 
ciation should  become  affiliated  with  the  American  Water 
Works  Association.  I  do  not  believe  that  this  can  be  ac- 
complished at  the  present  time  as  there  are  too  many 
members  of  the  New  England  Water  Works  Association 
who  feel  that  on  the  basis  of  the  record  to  date,  the  New 
England  society  has  been  of  more  service  to  the  water 
works  fraternity  than  the  American  association,  and  has, 
generally,  set  a  higher  standard  both  in  its  committee 
work  and  in  the  papers  presented  and  their  discussion. 
For  the  present,  both  the  New  England  and  the  American 
associations  should  recognize  that  any  attempt  to  produce 
standards,  either  in  specifications,  design  or  practice, 
should  be  the  result  of  concurrent  action.  There  certainly 
should  not  be  two  standards  for  the  design  of  and  specifi- 
cations for  water  pipe  and  specials,  etc. 

Centralization  is  helpful,  where  it  can  be  effected  with- 
out eliminating  or  even  reducing  the  interest  in  and  work 
accomplished  by  local  associations.  Where  dependence  is 
placed  either  largely  or  wholly  on  volunteer  ser\-ice,  many 
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societies,  each  with  its  officers  and  committees,  will  gen- 
erally accomplish  much  more  than  would  a  single  large 
society  made  up  of  the  individual  members  of  the  many 
smaller  societies.  The  individual  who  gives  his  time,  and 
frequently  his  financial  support,  to  an  organization  in 
which  he  is  an  officer  or  a  member  of  a  committee,  will 
seldom  give  the  same  thought  and  time  to  a  large  organ- 
ization where  he  is  simply  one  of  the  members.  The 
American  Association,  through  its  formation  of  sec- 
tions, provides  a  scheme  of  organization  which  preserves 
the  advantages  of  the  local  associations  with  their  officers 
and  committees,  and  at  the  same  time  furnishes  the  cen- 
tral control  which  is  necessary  where  action  is  to  be  taken 
on  matters  which  affect  the  interests  of  many  localities 
and  sections  of  the  country. 

1  believe,  therefore,  that  there  should  be  one  national 
water  works  society,  with  local  chapters,  and  that  a  feasi- 
ble basis  for  the  amalgamation  of  the  New  England  asso- 
ciation with  the  American  association  will  be  found. 

As  to  the  question,  whether  the  national  society  should 
take  active  part  in  eliminating  politics  from  the  manage- 
ment of  city  water  works,  I  find  such  a  question  is  a  good 
deal  easier  to  ask  than  to  answer.  I  think  the  society 
should  use  its  influence  toward  eliminating  politics  from 
the  management  of  city  water  works,  but  just  how  this 
can  be  accomplished,  I  am  not  now  in  a  position  to  state. 
An  open  discussion  of  these  questions  such  as  you  have 
started,  is  helpful,  and  will  undoubtedly  bring  forth  use- 
ful results. 

Wm.  W.  Brush. 

New  York  City. 


I  am  much  interested  in  your  editorial  suggesting 
the  merging  of  the  several  water  works  associations  into 
one  national  society  and  the  comments  of  your  subscribers 
thereon,  and  as  a  member  of  one  of  the  present  societies 
I  think  I  can  see  some  advantages  that  would  come  to  the 
membership  as  a  body  by  such  action,  and  conversely  there 
are  perhaps  some  valid  reasons  against  such  a  merging. 

I  assume  that  it  will  be  granted  that  if  a  new  grganiza- 
tion  is  to  be  successful  it  must  either  meet  an  existing 
want  or  fill  in  better  measure  the  public  service  that  is 
now  supplied  by  the  existing  societies.  There  are  at  pres- 
ent I  believe  two  or  three  active  water  works  societies  and 
possibly  other  organizations 'that  are  working  in  this  field, 
and,  in  fact,  several  of  the  state  engineering  societies  give 
some  attention  to  water  supply  and  water  works  manage- 
ment. Both  the  New  England  and  the  American  associa- 
tions have  each  had  a  continuous  existence  of  more  than 
30  years,  and  in  that  time  the  work  of  both  societies  has 
been  of  great  service  to  their  members  and  to  the  public 
at  large,  particularly  within  their  respective  field  of  influ- 
ence, if  that  term  can  be  applied  to  water  works  manage- 
ment, and  has  so  far,  I  think,  met  the  necessities  for  such 
.an  organization  equally  well  as  one  national  organization 
would  have  done. 

The  New  England  society  by  holding  monthly  or  quar- 
terly meetings,  the  session  lasting  but  one  or  at  most  two 
days,  has  so  far  been  able  to  secure  a  good  attendance  and 
to  bring  out  and  publish  many  valuable  papers  in  its  quar- 
terly magazine,  and  has  kept  the  per  capita  cost  of  mem- 
bership within  very  reasonable  bounds.  As  I  am  not  a 
member  of  the  American  Water  Works  Association  I  am 
not  so  well  advised  as  to  its  measure  of  success. 

By  a  merger  of  the  present  societies  there  would  be  one 
large  body  of  widely  scattered  members,  extending  from 
Panama  to  Alaska  and  from  Maine  to  Manila,  the  individ- 
ual members  planning  and  handling  municipal  work  over 
a  very  large  field  with  varying  climatic  conditions,  from 
torrid  heat  to  arctic  cold,  and  with  varied  labor  condi- 
tions. Such  an  organization  would  of  necessity  have  a 
central  office  in  some  city  from  which  its  affairs  would  be 
managed  along  lines  similar  to  the  present  national  engi- 
neering societies.  It  would  probably  hold  one  or  possibly 
,  two  meetings  a  year  in  the  larger  cities  of  the  Union,  last- 
ing perhaps  a  week.  The  program  would  include,  besides 
the  usual  grist  of  papers  read,  a  number  of  junket  trips 
or  excursions  to  places  of  interest  in  the  locality  as  ad- 


ditional educational  and  social  features,  highly  appre- 
ciated by  those  attending.  If  the  society  published  a 
weekly  or  monthly  journal  the  papers  with  the  discussions 
thereon,  if  any,  would  appear  therein,  otherwise  the  sec- 
retary would  publish  the  proceeding  in  one  or  two  vol- 
umes, each  member  of  the  society  being  entitled  to  a  copy. 
It  is  probable  that  the  national  society  would  secure  a 
numerically  larger  attendance  of  members  than  either  of 
the  small  ones,  but,  judging  from  my  own  personal  ex- 
perience, I  question  whether  the  percentage  of  total  mem- 
bership attending  the  meetings  will  be  as  great  as  the  per- 
centage of  membership  attending  the  meetings  of  the  local 
societies,  but  the  papers  read  may,  and  probably  would, 
take  in  a  greater  range  of  subject  matter,  and  in  this  re- 
spect there  would  be  a  gain  by  the  merger. 

The  per  capita  cost  of  the  one  national  society  would 
probably  be  not  greatly  different  than  the  present  per 
capita  dues  in  either  of  the  existing  societies.  It  is  prob- 
able that  the  national  society  would  be  slow  to  commit  its 
membership  to  settled  public  policies,  but  when  such 
measures  were  adopted  by  the  society  unquestionably  its 
action  would  carry  with  the  measure  much  greater  weight 
and  confidence  with  the  public  than  a  like  action  by  in- 
dividual societies.  The  matter  of  personal  prejudice 
mentioned  by  some  member  I  believe  is  in  most  cases  at 
least,  more  imaginary  than  real  and  the  factor  of  politics 
in  the  management  and  control  of  municipal  plants  will 
not  be  greatly  changed  either  way  by  a  merging  of  ex- 
isting societies. 

Regarding  the  plan  of  holding  the  present  local  asso- 
ciations and  others  that  may  be  formed  as  sub-units,  with 
a  general  body  exercising  a  sort  of  protectorate  over 
them,  about  the  only  direct  benefit  I  can  see  to  the  indi- 
vidual member  that  he  would  not  receive  from  either  of 
the  smaller  societies  if  managed  as  at  present,  or  from 
the  one  national  society  if  so  organized  by  merging  the 
local  societies,  would  be  the  honor  that  would  come  to  a 
limited  few  who  would  be  representative  delegates  from 
the  smaller  societies  to  hold  for  a  time  a  seat  on  the 
board  of  directors  of  the  general  body.  The  ordinary 
member,  it  is  true,  would  have  the  privilege  of  writing 
after  his  name,  "Member  of  Section  A,  or  Section  B,  of 
the  National  Waterworks  Society,  United  States  of  Amer- 
ica." This  might  give  the  member  social  privileges  or 
professional  standing  in  some  cases  that  he  does  not  now 
enjoy,  but  in  the  element  of  cost  per  capita  for  benefit 
received  I  fail  to  see  where  the  local  member  will  be  the 
gainer  by  this  plan,  if  the  local  societies  hold  monthly 
or  quarterly  meetings  as  at  present,  and  the  grand  body 
holds,  say,  one  annual  session  and  prints  and  distributes 
the  proceedings  of  the  local  societies  with  its  own. 

Seth  Dean, 
Civil  Engineer. 
Glenwood,  la. 


From  the  standpoint  of  the  small,  privately  owned 
water  works,  we  would  favor  whichever  plan  gives  us, 
in  the  official  journals  or  in  the  trade  publications,  the 
greater  amount  of  usable  small-works  data.  The  trade 
publications  give  the  prompter  reports,  but  we  cannot 
take  them  all  and  therefore  cannot  be  sure  of  getting  the 
report  that  is  edited  for  our  requirements.  We  prefer 
the  complete  official  journals.  Another  reason  for  prefer- 
ring them  is  their  better  sized  page.  Of  course,  we  take 
some  of  the  trade  publications  also. 

The  United  States  is  some  big  country,  and  America  is 
bigger  yet.  The  association  that  so  spreads  itself  must 
take  up  many  questions  that  are  useless  to  us  to  the  ex- 
clusion of  some  we  want. 

We  want  the  opportunity  to  study  the  new  exhibits  and 
want  the  inspiration  of  the  meetings  and  the  personal 
touch  with  other  water  works  men  and  so  we  attend  the 
meetings  within  our  reach.  New  York,  Philadelphia,  Port- 
land, etc. 

The  present  arrangement  is  excellent.  The  consolida- 
tion does  not  seem  to  promise  any  improvement  for  us. 

As  to  "politics,"  that  is  a  much  abused  word.    You  mean 
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graft  politics,  bad  politics,  Republican  politics  (I  am  a 
Democrat).  Yes,  jump  in  and  eliminate  it.  The  Lord 
will  be  with  you  and  we  are  with  Him.  Really,  there's 
none  of  it  in  our  company.  Wm.  A.  Wilcox, 

President  Waterloo  Water  Co. 
Waterloo,  N.  Y.  . 


emergency;  chlorine  installations. 

To  the  Editor:  In  your  issue  of  March  1  you  comment 
editorially  on  the  little  attention  paid  by  the  consuming 
public  to  the  contamination  notices  sent  out  from  time 
to  time  by  water  boards  and  utility  companies. 

It  would  seem,  considering  what  is  now  known  about 
chlorine  as  a  sterilizing  agent,  the  small  cost  of  installa- 
tion, and  the  ease  of  manipulation,  that  a  water  board  that 
neglects  to  afford  this  means  of  protection  for  emergency 
use  would  lift  from  its  shoulders  but  a  small  part  of  the 
responsibility,  should  epidemic  follow,  by  merely  send- 
ing out  notices  for  the  patrons  to  boil  the  water. 

Liquid  chlorine  has  much  to  commend  it  over  the  older 
chloride  of  lime  treatment.  More  effective  and  positive 
as  a  sterilizing  agent,  and  cleaner  and  simpler  of  manipu- 
lation, it  has  the  further  great  advantage  for  an  emerg- 
ency installation  of  always  being  ready  at  the  turning 
of  a  tap.  The  gas  coming  compressed  to  liquid  form  in 
the  steel  cylinders  will  suffer  no  deterioration  though 
months  or  even  years  may  elapse  before  there  be  need 
for  treating  the  supply. 

Towns  and  small  cities  seem  to  offer  the  most  serious 
problem  in  the  way  of  obtaining  safe  water  supplies.  Es- 
pecially is  this  true  if  filtering  or  any  sort  of  treating  is 
resorted  to.  The  superintendents  sometimes  not  having 
either  the  facilities  or  the  knowledge  to  make  the  tests 
themselves,  and  the  city  authorities  not  feeling  disposed 
to  make  the  necessary  expenditure  incident  to  the  em- 
ploying of  a  competent  chemist  or  bacteriologist  to  at- 
tend to  the  taking  of  the  samples  and  the  making  of  the 
examinations,  it  often  happens  that  it  is  not  till  an  epi- 
demic is  well  under  way  that  suspicion  is  directed  to  the 
water  supply.  In  many  places  there  are  manufacturing 
establishments  maintaining  laboratories  of  their  own, 
and  these,  for  a  nominal  charge,  or  in  some  cases  merely 
for  the  interest  in  the  health  of  their  own  employes,  and 
without  any  charge  at  all,  will  make  the  examinations  of 
the  water,  and  so  keep  the  system  in  order  at  all  times. 
In  any  event  it  would  seem  that  an  emergency  chlorine 
installation  should  be  a  part  of  every  system  not  draw- 
ing its  supply  from  a  reserve  from  which  permanent  habi- 
tation is  excluded,  and  over  which  the  movements  of  in- 
dividuals is  under  strict  control. 

Irrigating  Small  Tracts. 

In  your  issues  of  Aug.  9  and  Sept.  13  you  comment  on 
the  desirability  of  water  commissions  and  utility  com- 
panies encouraging  their  patrons  to  use  water  for  irri- 
gation, and  you  draw  a  contrast  between  the  policy  of 
these  in  trying  to  hold  the  per  capita  consumption  down 
to  a  minimum,  and  the  policy  of  the  gas  and  electric 
companies  which  are  ever  and  ever  trying  to  sell  more 
of  their  product. 

The  trouble  seems  to  be  that  there  is  no  way  of  irrigat- 
ing a  small  tract  in  town  w-ithout  an  inordinate  waste  of 
water  or  still  more  inordinate  waste  of  time. 

William  Alien  White  in  declining  to  leave  Emporia  to 
assume  the  editorship  of  a  great  New  York  daily  is  re- 
ported to  have  explained  his  action  by  saying  that  "There 
are,  after  all,  few  pleasures  in  life  greater  than  water- 
ing your  own  lawn  with  a  25-ft.  hose." 

This  sentiment  is  fine,  and  the  expressing  of  the  thought 
leaves  nothing  to  be  desired,  but  the  fact  remains  that 
after  watering  tl|e  lawn  on  the  first  one  or  two  warm 
evenings  of  early  summer  we,  or  most  of  us,  decide  gen- 
erously to  leave  this  particular  pleasure  to  our  wives,  or 
to  a  25-ct.  sprinkler,  which  latter  does  effective  irrigat- 
ing for  15  minutes,  and  then  proceeds  recklessly  to  waste 
water  until  some  one  bethinks  himself  to  move  it  along 
or  shut  off  its  supply. 
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I  think  it  is  safe  to  say  that  of  all  the  crude  ways  left 
for  doing  things  in  this  enlightened  age  when  invention 
and  adaptation  has  done  so  much  to  make  life  agreeable, 
none  persists  in  its  pristine  crudeness  to  compare  with 
the  irrigating  of  a  lawn  or  small  garden  in  town.  While 
the  gas  companies  and  the  electric  companies  have  been 
bestirring  themselves  to  bring  out  new  devices  to  do 
many  things  which  before  had  been  done  in  other  ways, 
the  matter  of  distributing  water  has  gone  on  in  the  same 
way.  Surely  a  fortune  awaits  the  individual  or  corpora- 
tion that  can  devise  a  system  of  elevated  sprinkler  heads, 
or  depressed  or  disappearing  sprinkler  heads,  which  will, 
when  not  in  use,  be  out  of  the  way  of  the  lawnmower,  the 
whole  to  be  under  a  system  of  remote  control,  say  from 
a  switchboard  in  the  kitchen,  so  that  one  after  another, 
or  in  series  of  twos  or  three,  they  will  when  once  started, 
operate  for  10,  15  or  20  minutes  in  succession  until  all  the 
lawn  shall  have  been  irrigated.  Until  something  like  this 
is  produced  it  would  seem  that  the  irrigating  of  gardens 
in  town  will  continue  to  be  an  expensive  proposition — 
expensive  to  the  consumer  if  the  service  is  metered,  and 
expensive  to  the  company  or  water  board  if  no  meters  are 
used.  H.  A.  Rands, 

Consulting  Engineer. 

Portland,  Ore. 

Oct.  27,  1916. 


LIME  AS  AN  AID  TO  ALUM  AS  A  COAGULANT. 

Lime  used  as  an  adjunct  to  alum  in  the  treatment  of 
the  Missouri  River  supply  at  the  filtration  plant  of  Coun- 
cil Bluffs,  la.,  made  possible  the  securing  of  a  much  bet- 
ter quality  of  water,  and  also  was  more  economical  than 
the  use  of  alum  alone,  according  to  a  paper  by  J.  B.  Thor- 
nell,  chemist  at  the  plant,  presented  at  the  October  meet- 
ing of  the  Iowa  and  Illinois  sections  of  the  American 
Water  Works  Association. 

The  water  is  lifted  from  the  Missouri  River  into  the 
first  group  of  three  settling  basins.  Between  basin  No. 
1  and  Basin  No.  2  is  a  weir  45  ft.  long  over  which  the 
water  flows  in  a  sheet  about  3  in.  deep.  The  lime  and 
alum  used  as  coagulants  are  added  at  this  weir.  The 
lime  is  applied  through  a  perforated  pipe  extending  over 
the  entire  length  of  the  weir.  The  device  for  feeding  the 
lime  is  located  in  the  gate  house  near  the  weir.  A  large 
iron  hopper  is  filled  with  dry  lime.  In  the  bottom  of  the 
hopper  is  a  w-orm  which  pushes  it  into  a  smaller,  funnel- 
shaped  hopper  below.  A  stream  of  water  flows  into  the 
lower  funnel  dissolving  the  lime  and  carrying  it  out 
through  a  2-in.  pipe  to  the  weir.  A  small  electric  motor 
drives  the  feeding  device  and  is  also  attached  to  a  small 
centrifugal  pump  which  draws  from  one  of  the  settling 
basins  the  water  for  dissolving  the  lime. 

By  an  arrangement  of  pulleys  and  gears  the  speed  of 
the  worm  may  be  regulated  as  desired.  About  30  gal.  of 
water  are  used  for  each  pound  of  lime.  The  large  vol- 
ume of  water  used  is  one  of  the  main  factors  in  the  suc- 
cess of  the  treatment  because  it  completely  dissolves  the 
lime,  thereby  preventing  clogging  of  pipes  and  bring- 
ing about  thorough  mixing  of  the  lime  solution  with  the 
raw  water  before  it  received  the  charge  of  alum  solution. 

The  alum  solution  is  applied  through  a  second  per- 
forated pipe  immediately  after  the  lime  solution.  The 
amount  of  alum  required  varies  between  one  grain  and 
three  grains  per  gallon  and  the  amount  of  lime  varies 
between  one-half  and  one  grain  per  gallon  of  water 
treated. 

Comparison  of  the  available  data  on  the  turbidity  of 
the  settled  water  and  of  the  water  at  the  point  of  appli- 
cation of  the  coagulants,  and  calculations  of  the  cost  of 
coagulants  before  and  since  the  use  of  lime  as  an  aid  to 
alum  was  commenced  shows  that  a  much  better  quality 
of  water  has  been  obtained  by  the  use  of  lime  with  the 
alum  and  that  it  is  more  economical  than  the  use  of  alum 
alone. 
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LEAKAGE  FROM  PIPE  JOINTS. 

Interesting  statistics  regarding  the  leakage  from  pipe 
joints  were  presented  at  a  meeting  of  the  New  England 
Water  Works  Association  on  Nov.  8  by  Mr.  F.  A.  Barbour, 
Consulting  Engineer,  Boston,  Mass.  This  matter  supple- 
ments the  information  on  this  subject  contained  in  the 
paper  presented  at  the  September  convention  of  the  As- 
sociation and  printed  in  abstract  in  the  Oct.  11  issue  of 
Engineering  and  Contracting.  Extracts  from  Mr.  Bar- 
bour's supplementary  statement  follow: 

The  fact  that  in  entirely  metered  systems,  or  in  sys- 
tems where  the  meters  exceed  85  per  cent  of  the  service, 
at  last  20  per  cent  of  the  water  furnished  is,  on  the  aver- 
age, unaccounted  for,  does,  however,  stand  out,  and  the 
question  arises  as  to  whether  we  should  be  content  with 
such  a  condition.  This  20  per  cent  loss  is  not  based  on  a 
comparison  of  pump  records  with  the  water  sold,  but  on 
the  figures  furnished  by  superintendents  as  to  the  water 
unaccounted  for  in  their  systems,  these  figures  presum- 
ably making  corrections  for  such  items  as  pump  slippage. 
It  would  seem  that  a  loss  of  20  per  cent,  due  to  leakage 
from  mains  and  services  or  to  under-registratibn  of 
meters,  which  undoubtedly  represents  the  best  condi- 
tions, is  sufficiently  sizable  to  justify  careful  considera- 
tion  of  possible   remedies. 

We  all  know  that  the  total  unaccounted  for  water  in 
unmetered  systems  is  enormous ;  presumably  we  all  agree 
that  metering  is  the  great  remedy,  and  yet,  as  reported 
by  the  United  States  Department  of  Commerce,  only  40 
per  cent  of  the  services  are  metered  in  201  cities,  con- 
taining 26,000,000  people  and  having  an  average  per  capita 
consumption  of  139  gal.  per  day. 

The  total  population  in  the  United  States  supplied  with 
water  from  public  works  may  be  taken,  for  present  pur- 
poses, at  50,000,000  people,  and  the  average  amount  of 
water  furnished  per  day  at  100  gal.  per  capita.  The  total 
water  supplied  daily  by  public  works  is,  therefore,  in 
round  figures,  5,000,000,000  gal.  It  is  probably  a  safe  state- 
ment that  50  per  cent  of  this  quantity  is  wasted,  and  as- 
suming the  actual  cost  of  furnishing  the  useless  2,500,000,- 
000  gal.  to  be  $25  per  1,000,000  gal.— and  this  is  an  ex- 
tremely low  figure — the  cost  per  day  of  the  water  wasted 
is  equal  to  $62,500  or  $22,800,000  per  year,  which  is  equal 
to  the  interest  on  an  investment  of  $500,000,000. 

As  already  stated,  metering  is  the  great  means  of  re- 
ducing the  total  waste  on  which  the  previous  figures  are 
based,  but  there  remains  the  fact  that  in  the  fully  me- 
tered systems,  on  the  average,  at  least  20  per  cent  of  the 
water  furnished  is  unacounted  for,  and  probably  if  more 
accurate   data  were  available  this   percentage   would   be 
shown   to   be   materially   greater.     Emil    Kuichling   esti- 
mated 2,500  to  3,000  gal.  per  mile  per  day  as  the  leakage 
from  well-laid  mains;  Dexter  Brackett  estimated  a  leak- 
age of  from  10,000  to  15,000  gal.  per  day  in  the  Metropol- 
itan District;  and  John  R.  Freeman  stated  that  his  best 
guess  of  the  underground  leakage  in  New  York  was  from 
25  to  35  gal.  per  day  per  capita,  equal  to  from  20,000  to 
30,000  gal.  per  day  per  mile  of  pipe.     In  six  cities,  with 
95  per  cent  of  the  services  metered,  reported  by  Brackett 
in  1904,  36  per  cent  of  the  water  was  unaccounted  for, 
equal  to  an  average  loss  of  11,300  gal.  per  mile  of  pipe. 
James  H.  Fuertes  in  the  1906  Report  to  the  Merchants' 
Association   of   New   York,   presented   statistics   from    13 
cities  in  which  on  the  average  82  per  cent  of  the  services 
were  metered,  which  showed  that  31  per  cent  of  the  sup- 
ply was  unacounted  for,  equivalent  to  approximately  18,- 
000  gal.  per  mile  of  pipe.    What  part  of  these  losses  is 
chargeable  to  the  mains  is  unknown,  but  from  the  results 
of  such  leakage  surveys  as  have  been  made,  and  from  the 
reported   actual   losses   discovered   in   some  cities,    it    is 
probable  that  7,500  gals,  per  mile  of  pipe  per  day  is  a 
conservative  estimate  of  the  water  lost  by  leakage  from 
the  60,000  miles  of  mains  now  in  use  in  the  public  sup- 
plies of  this  country,  or  450,000,000  gal.  daily.     At  $25 
per  1,000,000  gal.,  this  is  equal  to  a  daily  loss  of  $11,250 
or  $4,110,000  per  year,  or  the  interest  on  $100,000,000. 
Are  we  taking  suflicient  care  in  testing  pipe  for  water 


tightness  when  laid?  About  60  per  cent  of  those  reply- 
ing to  the  circular  of  the  committee  state  that  the  pipe 
is  tested  when  laid,  and  all  but  six  make  the  test  before 
backfilling.  In  the  writer's  experience,  testing  before 
backfilling  in  the  ordinary  work  of  laying  distribution 
systems  is'  rare,  and  it  is  undoubtedly  from  the  practice 
of  simply  turning  on  the  water  without  any  test  that  a 
considerable  part  of  the  present  leal^ge  develops.  The 
standard  of  those  who  test,  as  indicated  by  the  replies 
received,  is  "absolute  tightness,"  but  in  the  writer's  ex- 
perience this  result  is  not  easy  to  obtain,  and  only  possi- 
ble where  the  joints  are  gone  over  several  times  after 
the  pressure  is  applied. 

Where  pipes  are  backfilled  before  testing,  the  allow- 
able leakage,  as  determined  by  such  test,  has  varied 
greatly  in  difi'erent  specifications.  John  H.  Gregory  at 
Columbus  made  the  limit  500  gal.  per  inch  mile  per  day. 
At  Akron  200  gal.  per  inch  mile  per  day  was  specified, 
while  actual  results  at  Akron  showed  about  70  gal.  per 
inch  mile  per  day.  E.  G.  Bradbury,  in  his  paper  before 
the  New  England  Water  Works  Association  in  1914,  pro- 
posed 100  gal.  per  inch  mile  per  day  as  a  reasonable  stand- 
ard for  the  allowable  leakage  in  testing  after  backfilling, 
and  he  figured  that  the  difference  between  500  and  100 
gal.  per  inch  mile  per  day,  estimating  the  cost  of  the 
water  at  $25  per  1,000,000  gal.,  would  equal  a  yearly  cost 
for  water  lost  in  a  city  of  100,000  people,  of  $5,256,  or 
in  other  words,  the  city  could  afford  to  spend  $470  per 
mile  in  order  to  save  400  gal.  of  leakage  per  inch  mile  per 
day. 

Again,  are  the  present  jointing  methods  the  best  quali- 
fied to  maintain  tightness  after  periods  of  use?  Who 
knows  anything  about  the  comparative  leakage  when  laid 
and  after  several  years?  In  this  latter  connection  the 
history  of  the  work  at  Grandview,  0.,  is  of  interest.  As 
reported  by  Mr.  Bradbury,  the  supply  is  measured  by  a 
tested  meter  and  all  service  pipes  are  metered.  The  5.5 
miles  of  pipe  originally  laid  were  tested  before  back- 
filling and  the  leakage  before  any  connections  were  made 
amounted  to  0.31  gal.  per  inch  mile  per  day,  or  in  other 
words,  the  system  was  practically  watertight.  Subse- 
quently 0.9  miles  of  additional  mains  were  laid,  and  grad- 
ually in  the  four  years  since  the  date  of  original  construc- 
tion the  services  have  increased  to  the  presenj;  number 
of  205.  Either  by  less  careful  work  in  the  extension  or 
by  depreciation  of  the  original  work,  or  by  under-registra- 
tion  of  the  gradually  increasing  number  of  meters,  the 
unaccounted  for  water  has  increased  until  at  the  present 
time  it  averages  about  150  gal.  per  inch  mile  per  day.  An 
interesting  feature  in  connection  with  these  records  is 
that  the  unaccounted  for  water,  based  on  three  years'  ob- 
servations, averages  60  gal.  per  inch  mile  per  day  dur- 
ing the  six  months  from  October  to  April  and  213  gal. 
during  the  six  months  from  April  to  October.  In 
other  words,  the  records  indicate  in  this  system  that  the 
unaccounted  for  water  is  three  times  as  great  during  the 
summer  as  during  the  winter  months.  Whether  some 
local  explanation  can  be  found  for  this  result,  or  whether 
it  is  a  reasonable  result  of"  temperature  changes  is  not 
known,  but  data  from  other  systems  showing  the  unac- 
counted for  water  during  periods  of  varying  temperature 
would  be  of  considerable  interest. 


A.  F.  Barnes,  Dean  of  Engineering  of  the  New  Mexico 
College  of  Agriculture  and  Mechanic  Arts,  State  College, 
New  Mexico,  has  been  .endeavoring  to  organize  a  South- 
western Engineering  Society.  Letters  have  been  received 
from  prominent  engineers  in  the  three  states  of  New  Mex- 
ico, Arizona  and  Texas  expressing  the  need  of  such  an 
organization.  Among  the  men  who  have  promised  their 
support  are  Dean  C.  M.  Butler  of  the  University  of  Ari- 
zona, Tucson,  Ariz.;  Dean  S.  H.  Worrell  of  the  Texas 
School  of  Mines  at  El  Paso,  Tex.;  Prof.  Brenneman  of  the 
University  of  New  Mexico,  Albuquerque,  N.  M.;  Mr.  Sam- 
uel I.  Bousman,  engineer  for  the  Chino  Copper  Co.,  Hur- 
ley, N.  M.;  Mr.  H.  L.  Stevens,  consulting  refrigeration 
engineer.  El  Paso,  Tex.;  Mr.  E.  H.  Baldwin  of  El  Paso, 
Tex.,  project  manager  of  the  Elephant  Butte  Dam. 


December    13,    1916 
\'ol.  XLVI.    No.  24 

LABOR  COSTS  OF  CONSTRUCTING  AN  UNDER- 
GROUND PUMPING  PLANT. 

Contributed    l\v   II.    B.    Ferriss. 

The  following  costs  represent  the  carefully  kept  and 
segregated  items  of  cost  connected  with  the  construction 
of  an  underground  pumping  plant.  In  order  to  under- 
stand the  records  a  brief  description  of  the  plant  is  per- 
haps necessary. 

The  company  owns  a  subdivision  for  which  it  purchases 
water  in  bulk.  The  normal  pressure  as  supplied  to  the 
company  is  satisfactory  up  to  elevation  140  only.  A  con- 
siderable portion  of  the  subdivision  lies  above  this  eleva- 
tion, and  in  order  to  give  adeciuate  pressure  to  the  pur- 
chasers within  this  high  level  district  the  pumping  plant 
was  constructed. 

The  engineer's  original  scheme  consisted  of  the  usual 
elevated  tanks,  etc.,  but  was  changed  owing  to  the  owner's 
set  policy  of  placing  all  utilities  underground.  The  plant, 
as  finally  approved  by  the  directors,  consists  essentially 
of  two  electrically  driven  pumps  connected  to  two  large 
tanks;    two  motors   operating  the   pumps;    an   automatic 
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Layout  of  Principal   Equipment  for  Pumping   Plant. 

sump-pump  and  an  air  compressor  with  self-contained 
motors;  all  housed  within  an  underground  concrete  vault. 
The  sump-pump  is  mounted  on  an  iron  bracket  fastened 
to  the  walls  of  the  vault.  The  rest  of  the  equipment  is 
placed  on  raised  concrete  foundations,  with  the  excep- 
tion of  the  tanks,  which  rest  on  the  floor,  part  of  which 
was  strengthened  for  this  purpose.  The  plant  is  con- 
nected to  large  municipal  mains  and  is  entirely  automatic 
in  its  operation. 

The  vault  housing  the  machinery  and  tanks  is  built  of 
1:2:4  concrete  with  a  percentage  of  hydrated  lime.  The 
work  was  done  very  carefully  in  order  to  make  the  vault 
as  nearly  watertight  as  possible.  The  roof  is  5  in.  thick 
of  reinforced  concrete,  supported  on  "I"  beams.  The 
floors  are  6  in.  thick,  surfaced  with  1  in,  of  1:2  mortar, 
except  under  the  tanks,  where  the  floor  is  12  in.  thick. 
All  openings  for  pipes,  etc.,  were  carefully  caulked  and 
the  vault  is  considered  practically  watertight. 

The  excavation  for  the  vault  was  in  stiff  white  clay, 
and  no  timbering  was  requiied,  nor  was  there  any  diffi- 
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culty  with  water.  The  dimensions  of  the  excavation  were 
18x38  ft.  x  11  ft.  deep,  or  281  cu.  yd.,  including  the  sump- 
hole.  Of  the  total  earth  removed,  200  cu.'yd.  were  back- 
filled, 150  cu.  yd.  were  hauled  to  a  dump  1  mile  away, 
and  111  cu.  yd.  to  a  dump  half  a  mile  away,  both  hauls 
over  good  pavements.  Two  large  boulders  were  removed 
during  the  work.  The  wagons  were  loaded  as  the  earth 
was  removed.  Weather  was  good  and  the  work  very  well 
handled. 

The  materials  for  concrete  were  delivered  conveniently 
near  the  work,  mixed  on  top  at  one  end,  and  handled  in 
wheelbarrows.  After  the  forms  and  reinforcement  were 
placed  the  walls  were  brought  up  in  one  continuous  op- 
eration. The  floor  was  laid  first  and  special  precautions 
taken  to  secure  a  good  bond  with  the  walls,  which  were 
built  two  or  three  days  later.  The  workmanship  was  ex- 
cellent. 

A  good  foreman  and  well  organized  crew  were  employed 
from  the  first  and  it  is  believed  that  the  costs  on  excava- 
tion and  concrete  are  close,  considering  the  character  of 
the  work. 

The  cost  of  installing  the  machinery,  electrical  equip- 
ment, etc.,  however,  is  regarded  as  high,  as  the  men  em- 
ployed for  this  work  were  slow,  although  thoroughly  com- 
petent and  conscientious.  Also  there  was  considerable 
delay  over  the  delivery  of  some  special  castings  and  other 
parts  of  the  equipment.  The  company,  however,  was  not 
affected,  as  the  work  was  done  under  contract.  It  should, 
therefore,  be  mentioned  that  in  the  following  costs  the 
rates  fcJr  this  part  of  the  work  are  assumed.  The  hours 
are  correct. 

LABOR    COSTS    OF    CONSTRUCTING    UNDERGROUND    PU.MPING 

PLANT. 

Excavation   (2S1   Cu.   Td.). 

Per 
cu.  yd. 

Foreman,  SO  hr.  at  JO. 50 %  40.00  $0.14 

Labor,  570  hr.   at  JO. 25 142. .".0  .50 

Team.s.   120  !ir.   :it  $0.70 S4,00  .30 

Blacksn'ith.   20   hr.    at  $0.30 6.00  .02 

Backfill  and   clean -up,   55   hrs.   at   $0.25 13.75  .OS 

Total    $286.25  $1.01 

Note;     Two  extra  dump  wagons  were  incltided  in  the  above  rate  of 
70  ct.    for  teams,   which   were  loaded   w-hile  the  teams   were   traveling. 
The  unit  cost  for  backfill  only  was  about  40  ct.  per  cu.  yd. 
Concreting  (57  Cu.  Yd..  Including  Foundations). 
Forms   and    Reinforcement. 

Per  cu.  yd. 
concrete. 

I'arpenter.  So  hr.  at  $0  40 $14.00  $0.25 

Helpers,   100  hr.   at  $0.35 35.00  .61 

Common  labor,  44  hr.   at  $0.25 11.00  .19 

Total $60.00  $1.05 

Foundations  for  Pumps  and  Motors — Concrete. 

43  hr.   at  $0.30 $12.90  $0.23 

Walls,   Floors,   and   Roofs. 

Foreman,  12  hr.  at  $0.50 $     6.00  $0.10 

Mixing,  etc.,  300  hr.  at  $0.30 90.00  1.58 

Tamping,  53  hr.  at  $0.30 15.80  .28 

Miscellaneous  labor,   20  hr.  at  $0.30 6.00  .11 

Mix  boards,  etc.,  10  hr.  at  $0.S5 3.50  .06 

Total    $121.40  $2.13 

Install.ition  ot    Equipment. 

Tanks   (set   in   place  b.v  contract) $  25.00 

Erecting    all    machinery,    including    water    connections, 
etc.: 

Skilled  labor,  200  hr.  at  $0.50 $100.00 

Helpers,   240  hr.   at  $0  40 'Je.OO       196.00 

Painting  fittings  and   general  clean  up: 
Helpers.  22  hr.   at  $0.40 8.S0  8.80 

F.'rectin:;  switchboard,  wiring,  etc.,  etc.: 

Skilled  labor.  192  hr.  at  $0.50 S6.00 

Helpers.  3i;  hr.  at  $0.30 10.80       106.80 

Testing  equipment: 

Skilled  labor,  22  hr.  at  $0.50 11.00 

Helpers,   22  hr.  at  $0.40 8.80         19.80 

*  Total    $356.40 

General   Miscellaneous   Labor. 
Haul  machinery  and  supplies  (other  than  concrete  materials  and 

tanksl    $37.50 

Seeding  ground  over  roof  or  plant 3.50 

RenvnaT of  tools,  etc.,  and  general  clean  up 11.50 

Water  connections  for  mixing  concrete 5.50 

Miscellaneous  labor   f. .   15.60 

Total     $73.60 

The  foregoing  are  all  net  labor  costs  only.  Overhead 
inspection,  etc.,  etc.,  are  not  included. 


The  500,000,000  acres  of  "improved  farm,  land"  in 
America  average  a  crop  of  $20  per  acre.  Isn't  it  a  joke 
to  call  such  land  "improved"?  Let  the  drainage  and  irri- 
gation engineer  get  busy  on  this  land  and  note  the  real 
improvement  that  results — a  several  fold  increase  in 
productiveness  per  acre. 
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METHOD  OF  REDUCING  SEEPAGE  LOSSES  IN 

AN  IRRIGATION  CANAL  THROUGH 

POROUS  SHALE. 

The  main  canal  of  the  Grand  Valley  Project  of  the  U.  S. 
Reclamation  Service  follows  for  the  greater  part  of  its 
length  along  the  lower  edge  of  an  area  of  shale  hills  and 
the  wetted  perimeter  is  largely  in  shale.  These  shales 
vary  from  a  heavy  dark  blue  to  light  gray.  The  latter  is 
in  more  or  less  advanced  stages  of  disintegration  and  in 
general  is  finely  broken  up  by  nearly  horizontal  seams 
and  vertical  fissures.  In  this  condition  it  is  very  porous. 
The  older  canals  in  the  Grand  Valley  experienced  exces- 
sive losses  of  water  in  sections  traversing  this  kind  of 
material.  In  the  December  Reclamation  Record  Mr.  J. 
H.  Miner,  project  manager  of  the  Grand  Valley  Project, 
describes  the  method  employed  and  the  results  obtained  in 
reducing  the  seepage  losses  in  the  Project  Main  Canal. 
Mr.  Miner's  article  practically  in  full  follows: 

The  prevention  of  excessive  losses  by  percolation  was 
given  consideration  prior  to  beginning  the  construction 
of  the  project  main  canal.  Lining  with  concrete  was  not 
considered  feasible,  since  these  shales  swell  when  wetted 
so  that  concrete  lining  might  be  expected  to  become 
cracked  and  inefficient.  The  protective  measures  adopted 
consisted  in  excavating  the  canal  through  shale  to  a  depth 
of  1  ft.  below  the  required  grade,  with  a  view  of  allowing 
silt  to  accumulate  in  this  extra  depth.  When  cleaning 
may  be  necessary  the  silt  in  .this  section  will  not  be  dis- 
turbed. At  some  points,  where  especially  poroifs  shale 
was  encountered,  the  canal  section  was  excavated  with 
Y2  to  1  side  slopes  below  the  normal  water  level,  but  the 
top  width  of  the  wetted  section  was  not  changed.  In  this 
way  a  triangular  section  was  formed  on  either  side  of  and 
outside  of  the  required  water  section.  These  triangular 
areas  were  later  filled  with  good  surface  soil  crowded  off 
of  the  top  of  the  slope.  Part  of  the  earth  lining  was 
placed  before  water  was  turned  into  the  canal  and  part 
afterwards.  The  work  done  with  the  water  in  the  canal 
was  the  more  effective  in  that  the  material  compacted 
better  and  more  quickly  and  also  spread  farther  out  on 
the  canal  bottom. 

Earth  lining  or  artificial  silting  was  necessary,  due  to 
the  fact  that  the  Grand  River  carries  very  little  silt.  Dur- 
ing 1915  the  river  was  practically  clear,  and  seasoning 
and  priming  work  on  the  canal  was  performed  at  a  dis- 
advantage. During  1916  the  river  has  carried  an  unus- 
ually large  amount  of  silt.  However,  a  sample  of  water 
taken  from  the  canal  at  the  headgates  when  the  quantity 
of  silt  appeared  to  be  at  a  maximum  showed  only  one- 
fourth  of  1  per  cent  of  silt  by  volume.  This  silt  is  very 
finely  divided,  so  that  on  inspection  one  is  apt  to  over- 
estimate the  amount.  In  comparing  the  water  of  the 
Grand  with  that  of  the  Colorado  at  Yuma,  and  the  Rio 
Grande  at  San  Marcial,  N.  Mex.,  it  is  found  that  the  maxi- 
mum of  silt  observed  in  the  Grand  River  at  Palisade  was 
only  A\\  per  cent  of  the  maximum  observed  in  the  Rio 
Grande,  and  14  per  cent  of  the  maximum  observed  in  the 
Colorado. 

The  local  shales  disintegrate  very  readily  on  exposure 
to  air  and  moisture.  Advantage  was  taken  of  this  prop- 
erty by  plowing  and  harrowing  the  shale  portions  of  the 
canal  bottom  in  the  fall  of  1915  after  water  had  been  run 
in  the  canal.  The  upturned  shale  was  left  exposed  to  the 
elements  through  the  winter,  and  in  the  spring  was  again 
stirred  with  a  heavy  harrow  to  further  assist  nature  in 
the  breaking-up  process.  The  shale  has  a  tendency  to 
break  up  in  flakes  that  do  not  compact  readily.  A  so- 
called  "goat"  was  devised  to  hasten  the  compacting.  It 
resembles  a  land  roller,  or  pulverizer,  except  that  the 
fate  of  the  rolls  is  provided  with  projections  about  3  in. 
long,  2  in.  in  diameter  at  the  tip,  and  spaced  about  6  in. 
apart  in  each  direction.  The  "goat"  is  hauled  repeatedly 
over  a  given  area  and  has  the  effect  of  trampling  animals. 
It  apparently  made  the  canal  bottom  more  compact,  but 
no  data  have  been  secured  to  show  directly  what  its  efl^ect 
might  be  in  reducing  losses  by  percolation.  This  "goat" 
was  delivered  but  a  short  time  before  water  was  turned 
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into  the  canal  in  the  spring  of  1916,  and  consequently  it 
was  used  only  on  a  small  part  of  the  canal  length. 

Data  to  show  the  effect  of  the  operations  in  reducing 
conveyance  losses  have  been  collected  for  the  three  peri- 
ods June  1  to  5,  .July  17  to  21,  and  Aug.  27  to  31,  inclusive. 
These  data  have  been  computed  for  three  separate  sections 
of  the  canal  and  for  the  whole  length  of  the  canal  that 
has  been  operated. 

Section  1  extends  from  the  upper  gaging  station  at  sta- 
tion 22  to  station  906.  This  section  contains  only  a  small 
portion  of  shale,  and  the  plowing  and  harrowing  of  this 
shale  and  the  placing  of  earth  lining  were  completed  in 
1915.  The  "goat"  was  worked  in  a  portion  of  this  in  the 
spring  of  1916. 

Station  906  to  station  1375  is  a  section  which  is  perhaps 
50  per  cent  in  shale.  This  shale  was  plowed  in  the 
fall  of  1915,  and  earth  lining  was  placed  in  the  late  fall 
and  early  spring. 

The  section  from  station  1375  to  station  1965  contains 
a  still  greater  per  cent  of  shale.  This  shale  was  also 
plowed  in  the  fall  of  1915,  but  not  harrowed,  and  the  earth 
lining  in  this  section  was  placed  during  the  run  of  water 
in  the  season  of  1916,  that  beyond  station  1850  being  still 
uncompleted.  Between  stations  1100  and  1660  the  canal 
was  greatly  benefited  by  silt  brought  in  by  a  cloudburst 
on  Aug.  13,  which  broke  through  the  upper  bank  in  a 
number  of  places.    During  the  period  from  July  26  to  Aug. 
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Observed   Conveyance    Losses  from    Main   Canal.   Grand   Valley   Project. 

14  the  Grand  River  water  carried  an  unusually  high  per- 
centage of  silt,  and  as  much  of  this  water  was  taken  into 
the  canal  as  the  conditions  at  wasteways  would  permit. 

The  tabulation  of  conveyance  losses  shows  the  follow- 
ing results,  all  losses  being  given  in  cubic  feet  per  square 
foot  of  wetted  area  for  24  hours: 

On  the  section  from  station  22  to  station  906  the  loss 
during  the  period  June  1  to  5  averaged  0.557;  for  the 
period  from  July  17  to  21  this  had  been  reduced  to  0.248, 
and  for  the  period  Aug.  27  to  31  to  0.201. 

In  the  section  between  stations  906  and  1375  the  loss 
increased  from  1.007  in  June  to  1.076  in  July,  and  then 
decreased  to  0.948  in  the  August  period. 

In  the  section  from  station  1375  to  1965  the  loss  in- 
creased from  1.94  in  June  to  2.118  in  July,  and  then  de- 
creased to  0.588  in  August. 

The  increase  in  the  July  period  for  the  second  and  third 
■  sections  was  probably  due  to  the  fact  that  a  greater 
quantity  of  water  was  carried  through  those  sections  in 
July  and  the  upper  edges  of  the  wetted  area  had  not  be- 
come compacted. 

The  variation  in  the  amount  of  loss  in  the  three  sec- 
tions is  further  explained  as  follows:  In  section  1  all 
work  was  completed  before  observations  were  begun,  and 
the  improvement  was  due  solely  to  the  deposition  of  river 
silt  and  other  natural  causes.  In  section  2  a  very  small 
amount  of  work  was  performed  during  the  period  covered 
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by  the  observations,  and  very  little  effect  was  realized 
from  the  river  silt.  On  account  of  being  unable  to  waste 
water  from  the  canal  without  damage  to  property,  it  was 
necessary  to  so  limit  the  volume  of  flow  through  the  canal 
that  low  velocities  obtained,  and  hence  practically  all  the 
silt  was  deposited  in  section  1.  The  large  reduction  in 
losses  in  section  3  was  due  to  the  large  amount  of  work 
performed  on  this  section  during  the  period  covered  by 
the  observations  and  to  the  silt  deposited  by  the  heavy  in- 
flow of  surface  water  during  storms  in  the  forepart  of 
August. 

For  the  canal  as  a  whole  the  losses  during  the  June, 
July  and  August  periods  were,  respectively,  1,013,  0.923 
and  0.481  cu.  ft.  per  square  foot  of  wetted  area  for  24 
hours.  The  relative  amount  of  the  canal  flow  and  losses 
for  the  three  sections  and  the  canal  as  a  whole  is  shown 
graphically  by  the  diagram. 

As  an  e.xtreme  illustration  of  the  results  obtained  from 
earth  lining  and  silting,  the  observations  made  in  the  vi- 
cinity of  station  1274  on  the  main  canal,  where  the  water 
prism  is  entirely  in  shale,  are  of  interest.  The  canal  is 
carried  by  a  flume  over  a  wash  at  this  point  and  the  bot- 
tom of  the  wash  is  about  12  ft.  below  the  grade  of  the 
canal.  Seepage  appeared  in  this  wash  within  12  hours 
after  water  first  reached  this  point  in  the  canal,  and  con- 
tinued to  flow  freely  until  earth  lining  was  placed  and  fine 
silt  chuted  into  a  temporary  contraction  of  the  channel 
above  this  section.  During  the  silting  operations  a  sack 
dam  was  maintained  about  ^i  mile  down  the  canal  to 
raise  the  water  level  18  in.  When  the  operations  started 
the  seepage  flow  down  the  wash,  measured  by  a  Cippoletti 
weir,  was  2.45  sec.  ft.  The  placing  of  earth  lining  im- 
mediately reduced  this  to  1.96  sec.  ft.  The  artificial  silt- 
ing operations  reduced  the  flow  to  0.28  sec.  ft.,  or  about 
12  per  cent  of  the  original  flow.  No  further  work  was 
done  at  this  point,  but  the  effect  of  further  silting  by 
storm  water,  two  months'  flow  of  river  water,  and  settle- 
ment of  the  earth  lining  still  further  reduced  the  flow  to 
0.053  sec.  ft.  In  this  instance  the  flow  of  free  water  was 
reduced  98  per  cent.  As  far  as  can  be  determined,  this 
loss  from  the  canal  occurred  within  a  length  of  1,500  ft.. 
possibly  within  1,000  ft.  )The  free  water  therefore  escaped 
from  the  canal  before  protective  work  was  started  at  a 
rate  between  5  and  7  cu.  ft.  per  square  foot  of  wetted  area 
for  24  hours.  This  probably  represents  shale  of  the  maxi- 
mum porosity  in  this  vicinity.  Observations  on  a  2-mile 
length  of  canal  in  shale  on  which  no  protective  work  had 
been  done  has  shown  an  average  loss  of  4  cu.  ft.  per 
square  foot  of  wetted  area  for  24  hours.  The  present  ob- 
served loss  of  only  0.48  of  a  cubic  foot  per  square  foot  is 
thought  to  be  very  creditable.  It  compares  favorably 
with  the  losses  observed  by  Don  H.  Bark  in  rather  im- 
pervious clay  soils  in  southern  Idaho  and  with  the  con- 
veyance losses  accepted  by  Etcheverry  for  all  material  ex- 
cept impervious  clay  loam  and  medium  clay  loam  under- 
laid with  hardpan.  By  local  treatment  at  points  of  great- 
est loss  it  is  expected  to  further  reduce  this  average  rate 
for  the  first  37  miles.  The  remainder  of  the  canal  is  lo- 
cated too  far  from  the  headgates  to  receive  any  of  the  silt 
taken  in  with  the  river  water,  and  in  order  to  eliminate 
conveyance  losses  in  this  lower  portion  of  the  canal  it  is 
intended  to  install  a  silting  plant,  using  pumps  and  a 
hydraulic  giant  to  break  up  beds  of  suitable  material  and 
get  it  in  suspension  in  the  canal  water. 


Monthly  rainfall  records  at  Providence,  R.  I.,  covering 
a  period  of  84  years  are  given  in  the  last  annual  report  of 
the  city  engineer.  The  records  from  1832  to  1876,  in- 
clusive, were  recorded  under  the  direction  of  the  late 
President  Caswell  of  Brown  University,  and  from  1876  to 
the  present  time  at  Hope  Reservoir  under  the  direction  of 
the  City  Engineer. 
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EXPERIENCE   AND  RESULTS  OF  FOUR  YEARS' 
OPERATIONS     OF     COARSE     SCREENS,     GRIT 
CHAMBERS,  IMHOFF  TANKS  AND  TRICKL- 
ING  FILTERS   AT   ATLANTA,   GA. 

The  city  of  Atlanta,  Ga.,  is  generally  conceded  to  have 
one  of  the  largest  and  best  Imhoff  tank  and  trickling 
filter  systems  in  the  United  States.  Owing  to  the  topo- 
graphy of  the  city  these  disposal  plants  are  required  to 
handle  the  sewage.  The  Proctor  Creek  plant  has  a  ca- 
pacity of  3,000,000  gal.  and  was  placed  in  service  in  Au- 
gust, 1912;  the  Peachtree  Creek  plant,  8,000,000  gal.  ca- 
pacity, was  placed  in  service  in  September,  1913,  and  the 
Intrenchment  Creek  plant,  5,000,000-gal.  capacity,  was 
placed  in  service  in  June,  1914.  The  equipment  of  all 
three  plants  is  substantially  the  same,  consisting  of 
coarse  grate  bars,  grit  chambers,  Imhoff  tanks,  five 
screens  or  roughing  filters  and  trickling  filters.  In  a 
paper  read  before  the  American  Society  of  Municipal  Im- 
provements at  the  Newark,  N.  J.,  meeting  last  October, 
Mr.  Chas.  C.  Hommon,  chemist  and  bacteriologist  in 
charge  of  the  plant,  gave  the  experience  and  results  ob- 
tained from  the  four  years'  operations.  The  paper,  prac- 
tically in  full,  follows: 

Coarse  Screens. — The  coarse  screens  are  of  i4-in.  flat 
bar  iron,  spaced  IH  in.,  center  to  center,  and  laid  at  an 
angle  of  45^  down  stream.  They  have  been  very  effective 
in  removing  from  the  raw  sewage  all  floating  material, 
such  as  dead  animals,  pieces  of  wood,  tin  cans,  rags,  etc., 
that  might  cause  trouble  if  allowed  to  pass  into  the  Im- 
hoff tanks.  The  amount  of  screenings  collected  varies 
considerably  in  quantity,  due  to  the  fluctuations  of  rain- 
fall and  seasonal  changes.  There  is  always  more  after  a 
heavy  rain,  the  amount  averaging  (daily)  about  30  lb. 
wet  per  1,000,000  gal.  As  soon  as  collected  the  screen- 
ings are  hauled  away  and  buried,  so.as  not  to  allow  them 
to  decay  and  create  a  nuisance. 

Grit  Chambers. — The  grit  chambers  have  done,  and  are 
doing,  very  creditable  work  in  removing  sand  and  grit 
from  the  raw  sewage.  The  retention  period  of  the  sew- 
age in  the  grit  chambers  is  about  30  seconds,  and  with 
this  period  there  is  only  a  comparatively  small  amount 
of  organic  matter  deposited  with  the  sand.  The  sand 
dump  pile  has  never  been  offensive,  even  in  the  warm- 
est weather.  Sand  that  is  needed  for  the  resurfacing 
of  the  sludge  drying  beds  is  taken  from  this  dump,  with- 
out washing.  During  1915  the  Peachtree  Creek  plant 
grit  chambers  collected  an  average  of  0.6  cu.  yd.  of  sand 
per  1,000,000  gal.,  and  the  cost  of  removal  was  14  ct.  per 
cubic  yard,  labor  costing  15  ct.  per  hour.  The  sand  de- 
posited at  the  other  plants  ran  considerably  less,  averag- 
ing about  0.2  cu.  yd.  per  1,000,000  gal.,  and  the  cost  of 
handling  averaged  about  the  same  as  the  Peachtree  plants. 

Imhoff  Tanks. — The  Imhoff  tanks  are  of  the  circular 
type,  24.5  ft.  deep,  arranged  in  series  of  three,  designed 
so  as  to  give  the  sewage  in  the  settling  chambers  a  reten- 
tion period  of  three  hours,  and  are  provided  with  cross- 
over channels  for  reversing  the  flow.  The  tanks  at  all 
three  plants  have  done  excellent  work,  removing  prac- 
tically all  of  the  settleable  solids,  and  from  60  to  85  per 
cent  of  the  total  solids. 

T.VBLE      I— AVERAGE      TKARLY      REMOVAL      OF      SUSPENDED 
SOLIDS  BY   IMHOFF  TANKS.  PARTS  PEP.  MILLION. 


-191.?- 
Re- 


-1914- 
Re- 


-1915- 


At  present  87  per  cent  of  the  population  of  Ohio,  resid- 
ing in  incorporated  communities  have  access  to  public 
water  supplies  which  are  filtered  or  obtained  from  ground 
water  sources,  and  the  total  population  served  by  surface 
water  supplies  which  are  not  filtered  is  only  200,000. 


Re- 
Ttl.  movod.  %.      Ttl.  moved.    %.       Ttl.  moved.   %. 
Peachtree    Creek..   109         54       49.5       120         62       51.6       145         86       59.2 

Proctor    Creek 238       182       76.2       402       338       84.0       328       282       85.8 

Intrenchment    Crk 140         96       68.5 

The  greater  eflUciency  of  the  Proctor  Creek  tanks  over 
those  at  the  other  two  plants  is  due  largely  to  the  reac- 
tion of  the  salts  of  calcium  and  iron  from  industrial 
wastes,  whereby  a  flocculent  precipitate  is  formed  that 
assists  in  precipitating  the  colloids. 

Distribution  of  Sludge  in  Sludge  Wells. — As  stated 
above,  the  tanks  are  arranged  in  series  of  three,  and  as 
the  result  of  this  arrangement  one  disadvantage  stands 
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out  very  prominently,  namely,  the  unevenness  of  the  de- 
posit in  the  sludge  wells.  Apparently  the  bulk  of  the 
settleable  solids  is  deposited  in  the  first  hour  of  reten- 
tion, or  while  the  sewage  is  passing  through  the  first 
chamber,  consequently  the  sludge  well  of  the  first  tank 
receives  more  than  its  proportionate  share  of  the  set- 
tled solids,  and  the  third  well  gets  less.  By  reversing  the 
flow  at  proper  intervals  the  sludge  level  can  be  kept 
fairly  constant  in  the  two  end  wells,  but  this  method  of 
operation  has  little  or  no  effect  on  the  amount  of  mate- 
rial deposited  in  the  middle  compartment.  As  a  result 
of  this  uneven  distribution  the  end  sludge  wells  are  com- 
pelled to  perform  the  work  that  should  be  done  by  the 
middle  section,  and  the  sludge  storage  period  is  thereby 
reduced.  Thus  far,  however,  this  decrease  in  storage  ca- 
pacity of  the  sludge  wells  has  not  caused  trouble  at  any 
of  the  plants,  as  the  sludge  from  the  end  tanks  has  al- 
ways been  of  a  good  quality.  With  good  weather  condi- 
tions it  dries  into  good  spadable  material  in  from  7  to 
9  days,  if  the  sludge  is  not  put  on  the  sludge  beds  more 
than  8  in.  deep.  Recently  the  city  closed  a  contract  in 
which  a  local  concern  agreed  to  pay  15  ct.  per  cubic  yard 
for  the  accumulated  sludge,  and  to  take  the  annual  out- 
put at  the  same  rate,  from  the  beds.  It  costs  approxi- 
mately 15  ct.  per  cubic  yard  to  remove  the  sludge  from 
the  beds,  thus  making  a  net  return  to  the  city  of  30  ct. 
per  cubic  yard.  It  is  understood  that  the  purchaser  con- 
templates using  it  as  a  filler  for  commercial  fertilizer. 

T\BLE  II.— AVERAGE  ANALYSIS  OF  36  SAMPLES  OF  SLUDGF- 
COLLECTED  FROM  IMHOFF  TANKS,  ATLANTA.  GEORGIA. 

Per  cent 
Specific  Per  cent  Per  cent  Per  cent  For  cent  ether  sol. 
gravity.  water.         volatile.         mixed.        nitrogen.  fat. 

1.02  S7.05  39.1  60.9 


1.25 


6.11 


Formation  of  Foam  and  Scum  in  Gas  Vents.— The  ac- 
cumulation of  scum  in  the  gas  vents  seems  to  be  a  rather 
serious  drawback  of  the  Imhoff  tanks  in  many  places 
where  they  are  in  use,  and  there  has  been  some  trouble 
of  this  nature  in  the  Atlanta  plants.  The  first  trouble 
was  with  the  gas  vents  foaming  or  boiling  over  during 
the  ripening  period.  The  gases  rising  from  the  sludge 
well  were  encased  in  a  greasy,  tenacious  film  that  did 
not  burst  readily,  and  the  vents  became  filled  with  bub- 
bles and  foam  and  eventually  overflowed  into  the  settling 
compartments  of  the  tanks.  Spraying  the  vents  with 
water  under  pressure  was  very  effective  for  the  time  be- 
ing, but  they  soon  filled  again.  The  free  board  was  ex- 
tended on  one  vent  8  ft.  above  the  level  of  the  sewage 
in  the  settling  chambers,  but  in  less  than  24  hours  the 
foam  ran  over  the  top  and  apparently  would  have  gone 
higher,  so  this  scheme  was  abandoned.  Finally  the  plan 
of  drawing  practically  all  of  the  sludge  from  the  wells 
and  starting  anew  was  resorted  to  and  in  a  second  trial 
the  trouble  did  not  appear  to  any  extent.  At  the  time 
the  foaming  was  most  troublesome  at  the  Proctor  Creek 
plant  the  Intrenchment  Creek  plant  was  under  construc- 
tion and  it  was  thought  advisable  to  enlarge  the  gas  vents 
with  a  view  of  eliminating  the  above  trouble.  The  cen- 
tral vents  were  made  twice  as  large,  increasing  the  total 
vent  area  by  33  per  cent.  During  the  ripening  period  at 
this  plant  the  foaming  was  very  troublesome  and  lasted 
for  about  six  weeks,  the  larger  vents  seemingly  having  no 
beneficial  effect  in  preventing  the  formation  of  foam. 

On  comparing  the  results  of  the  larger  vents  with  those 
of  the  smaller  ones  a  rather  interesting  fact  is  noticed 
that  the  writer  thinks  worthy  of  consideration  and  further 
thought.  In  the  case  of  the  larger  vents  there  has  al- 
ways been  a  heavy  scum,  sometimes  as  much  as  4  ft.  thick, 
while  the  smaller  vents  remained  comparatively  free.  It 
is  also  true  that  even  in  the  case  of  the  smaller  vents 
of  the  middle  and  furthest  tanks  from  the  inlet,  where 
the  gas  effervesence  is  less  violent,  the  accumulation  of 
scum  is  greater  than  in  the  vents  of  the  inlet  tanks.  In 
other  words,  where  fermentation  is  most  active  there  is 
the  least  accumulation  of  scum.  It  is  also  noticeable  to 
a  degree  that  more  scum  collects  in  the  winter  months  in 
all  of  the  vents  than  in  the  summer  months  when  the 
gas  production  is  greatest.    It  is  the  writer's  opinion  that 


TABLE   HI— AXALYSI.S  OF  GAS  FROM  IMHOFF  TANKS. 
NItro-     Carbon  Hydro- 

Source.  Methane,      gen.      dioxide.  Oxygen,      gen.        B.T.U. 

Tank    nearest    inlet.     72.5  r,.T  2.6  0.0  )9.2  838.9 

Tank   nearest   outlet     .50.6  4.6  31.0  0.(<  1-..^  .'86.9 

the  mechanical  agitation  due  to  the  gas  bubbles  tends 
to  break  up  the  scum  and  release  the  gas  entrained  in  it, 
thus  allowing  the  floating  matter  to  sink  to  the  bottom. 
If  this  assumption  is  true,  it  appears  that  the  smaller 
gas  vent  has  a  distinct  advantage  over  the  larger  in  that 
it  tends  to  make  the  gas  ebullition  more  effective  in  break- 
ing up  the  scum. 

Utilization  of  the  Gas  Liberated  from  Imhoff  Tanks.— 
Utilization  of  the  gas  liberated  from  the  Imhoff  tanks  has 
been  in  practice  almo.st  a  year  at  the  Peachtree  Creek 
plant  and  has  proven  to  be  very  practical  as  well  as  a 
financial  success  to  the  city.  At  present  the  gas  is  being 
used  for  all  purposes  in  the  laboratory  and  for  heating 
and  cooking  in  the  chemist's  residence.  It  is  hoped  that 
in  the  near  future  sufficient  funds  will  be  obtained  for 
installing  an  exterior  lighting  system  around  the  plant. 
Assuming  that  all  the  vents  of  the  30  tanks  at  Peachtree 
Creek  are  giving  off  gas  at  the  same  rate  as  from  two 
we  are  now  using,  the  whole  plant  is  producing  30,000 
cu.  ft.  per  day,  or  3,750  cu.  ft.  per  1,000,000  gal.  of  sew- 
age treated.  The  volume  of  gas  produced  seems  to  be 
quite  variable,  due  principally  to  temperature  changes 
and  the  method  of  operating  the  tanks  also  seems  to  have 
a  marked  effect  on  the  gas  production.  There  is  always 
a  noticeable  decrease  just  after  drawing  sludge. 

Fine  Screens  and  Roughing  Filters.— It  was  thought  at 
the  time  the  plants  were  designed  that  it  would  be  advisa- 
ble to  pass  the  tank  effluent  through  a  fine  screen,  or 
roughing  filter,  before  admitting  it  to  the  filter  beds,  and 
a  Weand  revolving  self-cleansing  screen  was  installed  at 
the  Proctor  Creek  plant  and  roughing  filters  at  the  other 
two  plants.  It  was  found  that  they  did  not  remove  suf- 
ficient material  to  warrant  their  maintenance,  so  their 
use  was  discontinued.  There  is  practically  no  material 
in  the  tank  effluent  that  can  be  economically  removed  by 
fine  screens  or  roughing  filters,  and  it  is  the  writer's 
opinion  that  with  sewage  similar  to  Atlanta's  it  is  not 
necessary  to  screen  the  effluent  from  properly  working 
Imhoff  tanks  before  applying  to  trickling  filters. 

Filter  Beds. — The  filter  beds  have  done  exceptionally 
good  work,  considering  the  overloading  they  have  been 
subjected  to.  when  comparing  them  to  current  practice. 
The  Proctor  Creek  plant  is  provided  with  1.5  acres  of  fil- 
tering area,  and  was  originally  designed  to  handle  20,000 
people,  but  the  bed  is  actually  operating  at  100  per  cent 
overload.  This  overloading  is  caused  by  the  discharge 
of  night  soil  from  surface  closets  in  the  city  into  the 
Proctor  Creek  intercepted  By  referring  to  Table  IV  it 
can  be  seen,  however,  that  the  effluent  from  the  filter  beds 
is  of  a  very  good  quality. 

The  Peachtree  plant  is  provided  with  2.5  acres  of  filter 
Ijeds,  and  there  are  approximately  80,000  people  contribut- 
ing to  the  plant.  A  part  of  the  tank  effluent  is  by-passed 
around  the  filters,  however,  and  the  beds  are  handling 
approximately  25,000  people  per  acre. 

The  Intrenchment  Creek  plant  has  2  acres  of  filter  beds 
and  there  are  50,000  people  contributing  to  this  plant, 
thus  making  25,000  people  to  the  acre. 

Generally  speaking,  the  beds  at  all  three  plants  have 
remained  in  first  class  condition,  with  the  exception  of 
the  early  spring  of  1915.    During  the  winter  of  that  year 

T\BLF.    IV.^YEARLY    AVERAGES    OF    RESULTS    ON    ANALYSES 
OF  TANK  AND   FILTER   EFFLUENCES  AT  THE   THREE   DIS- 
POSAL PLANTS  AT  ATLANTA.   GEORGIA. 

Rela- 
tive sta- 
Free  Organic     Nitrates  and     Sat.  Dis.  bUity. 

an-.monia.        nitrogen.       %  nitrates,    oxygen  "J.  1- il- 
TanK-    Filter  Tank   Filter  Tank   Filter  Tank  Filter  ter 
1913  Eff.        VM.      Eff.       Eft.       Eff.       Eff.      Eft.     EK.     Eff. 

P<ichtree     ....   11.4         6.3         5.S         2.7         0.3         5.9         13         78         89 
Proctor    20.0         9.9         9.0         3.S         2.2         S.S         33         64         96 

Peachtree     ....   11.5         4.4         5.2         2.9         0.4         6.5  9         69         97 

Proctor    25.4         ...         8.0         4.9         1.9         8.9         40         6.         9, 

Peachtree     ....   10.1         3.5         6.1         3.0         0.6         6.7  6         68         98 

Proctor    20.6         7.9         4.6         2.8         2.8         ?.,  ..  ..         9* 

Intrenchment    .   11.7         4.3         ..1         3.6         0.4         .i.6         ..  ..         »' 
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there  developed  a  very  heavy  growth  of  algae  on  the 
Peachtree  Creek  beds,  and  in  the  early  spring  when  it  be- 
gan to  die  and  sluff  off,  the  beds  showed  serious  evidence 
of  clogging.  Finally  the  algae  had  to  be  picked  off  by 
hand.  After  removing  the  algae,  the  beds  unloaded  prop- 
erly and  were  soon  in  excellent  condition. 

Ventilators  on  Filter  Beds. — Several  experiments  have 
been  made,  from  time  to  time,  to  prove  the  value  of  ven- 
tilators in  the  filter  beds,  but  so  far  as  could  be  deter- 
mined they  did  not  accomplish  a  great  deal,  and  it  is  the 
writer's  opinion  that  the  results  do  not  warrant  the 
expense  of  putting  them  in. 

Sludge  Drying  Beds. — The  sludge  drying  beds  are  un- 
der-drained by  3-in.  tile  spaced  7  ft.  apart  and  laid  on  a 
well-rammed  clay  bottom.  The  lower  10  in.  of  filtering 
material  is  of  1.5  in.  crushed  stone  gradually  grading  to 
'i-in.  material,  with  a  thin  layer  of  sand  on  top.  The 
surface  of  the  Proctor  Creek  beds  was  made  level  while 
the  Peachtree  and  Intrenchment  Creek  beds  were  put  on 
a  slope  of  1  ft.  to  100  ft.  to  facilitate  the  distribution  of 
the  sludge.  The  thickest  sludge  the  Atlanta  plants  has 
ever  produced  contained  79  per  cent  water,  and  no  diffi- 
culty was  experienced  in  getting  this  sludge  deposited 
on  the  level  bed  in  an  even  layer.  This  being  true,  it 
necessarily  follow's  that  it  is  impossible  to  get  an  even 
deposit  on  the  sloping  beds.  This  is  undesirable  in  that 
it  causes  uneven  drying  of  the  sludge,  and  thus  reduces 
the  capacity  of  the  bed. 

The  net  area  of  the  Proctor  Creek  beds  is  9,030  sq.  ft. 
and  was  intended  to  handle  the  sludge  from  30,000  peo- 
ple, allowing  0.304  sq.  ft.  per  person,  but  in  addition  to 
this  normal  load,  the  night  soil  from  approximately  30,000 
more  people  from  all  sections  of  the  city  is  discharged 
into  this  sewer.  As  a  result  of  this  over-loading  only 
about  30  per  cent  of  the  sludge  is  dried  on  the  beds.  The 
remainder  is  run  direct  from  the  tanks  onto  lowlands  sur- 
rounding the  beds  and  allowed  to  dry. 

The  net  area  of  the  Peachtree  Creek  beds  is  17,200  sq. 
ft.  and  the  contributing  population  80,000,  thus  allow- 
ing 0.22  sq.  ft.  per  person.  The  area  is  entirely  inade- 
quate, and  a  good  portion  of  the  sludge  at  this  plant  also 
has  to  be  dried  on  surrounding  lowlands. 

The  net  area  of  the  Intrenchment  Creek  beds  is  also 
17,200  sq.  ft.  and  the  contributing  population  50,000, 
making  0.34  sq.  ft.  per  person.  These  are  the  only  beds 
that  furnish  adequate  drying  area.  By  careful  manipula- 
tion and  removing  the  sludge  as  soon  as  it  is  dry  we  have 
been  able  to  dry  all  the  sludge  from  this  plant  on  the 
available  sludge  drying  area. 

Odors. — Very  close  observations  have  been  made  to  de- 
termine the  effect  the  plants  have  on  the  surrounding 
neighborhood,  and  the  condition  of  the  creeks  below  the 
entrance  of  treated  sewage.  The  writer  has  never  de- 
tected any  noticeable  odor  except  in  the  immediate  vi- 
cinity of  the  plant,  and  to  his  knowledge  there  has  never 
been  any  complaints  made  against  the  plants;  all  remarks 
being  of  approval  rather  than  condemnation. 

Cost  of  Operation. — The  average  cost  of  operating  the 
three  sewage  plants  during  the  year  1915  was  $1.93  per 
1,000,000  gal.  treated,  or  6  ct.  per  capita,  assuming  a  pop- 
ulation of  190,000.  This  figure,  however,  only  includes 
actual  operating  expenses,  such  as  supervision,  labor,  re- 
newals, supplies,  water  and  electricity,  and  does  not  in- 
clude interest  on  investment  or  depreciation. 


The  water  distribution  system  of  Providence,  R.  I., 
totals  418  miles  of  mains.  During  1915  there  were  35 
leaks.  Of  this  number  24  were  in  joints  from  unknown 
causes,  2  in  joints  caused  by  settling  in  sewer  trench,  6 
under  railroad  tracks,  1  in  joint  caused  by  pipe  settling, 
1  in  face  of  bell  caused  by  pin  hole  in  casting,  and  1 
spigot  cap  blew  off. 


The  average  cost  of  repairing  meters  by  the  Water 
Works  Department  of  Cincinnati,  0.,  including  test 
charges,  in  1915,  was  as  follows:  ■''<  in.  meters,  $2.55; 
%  in.,  $2.84 ;  1  in.,  $3.44. 


THE  ADVANTAGES  OF  LARGE  WELLS  FOR  IRRI- 
GATION AND  METHODS  OF  DRIVING 
30  TO  36-IN.  WELLS. 

Even  among  well  informed  hydraulic  engineers  we  find 
relatively  few  who  know  that  a  well  as  large  as  36-in.  can 
be  driven,  and  still  fewer  who  are  acquainted  with  the 
methods  of  driving  wells  of  this  great  diameter.  We 
question  whether  1  per  cent  of  the  hydraulic  engineers  of 
the  country  could  give  a  fairly  satisfactory  answer  to  this 
question:  What  are  the  economic  advantages  of  a  single 
30-in.  well  over  a  group  of  8-in.  wells? 

The  best  answer  that  we  have  seen  to  such  a  question, 
and  the  best  description  of  the  methods  of  sinking  large 
wells,  are  given  in  Bulletin  No.  141,  issued  by  the  Ameri- 
can Well  Works,  Aurora,  III.  Accordingly,  we  have  ab- 
stracted the  following  from  that  bulletin: 

-Advantages  of  Large  Driven  Wells  for  Irrigation. — 
From  extensive  experience  in  developing  large  capacity 
deep  wells  and  installing  pumping  machinery  for  irriga- 
tion in  all  of  the  pumping  areas  in  the  Great  Plains,  the 
American  Well  Works  recommends  the  following  de- 
scribed type  of  well  as  being  superior  to  any  other  now 
constructed  for  irrigation  pumping. 

The  well  should  be  as  large  as  it  is  practical  to  drill, 
should  extend  at  least  150  ft.  into  the  water-bearing 
strata,  if  they  are  that  thick,  and  should  be  the  same  di- 
ameter the  entire  depth.  With  the  improved  machinery 
now  in  use,  it  is  practical  to  sink  a  drill  hole  in  this  area 
30  in.  in  diameter.  [Now  36  in. — Ed.]  This  permits  the 
installation  of  a  26-in.  steel  well  casing  and  a  24-in.  deep 
well  turbine  centrifugal  pump. 

There  are  several  important  advantages  in  a  well  of 
large  diameter  the  entire  depth  as  compared  with  one 
that  is  of  large  diameter  only  to  the  depth  at  which  the 
bowl  of  the  pump  is  installed  and  has  a  smaller  bore  the 
remaining  distance  to  the  bottom  of  the  well.  If  the  well 
is  reamed  out  to  only  a  depth  that  will  produce  sufficient 
submergence  for  the  bowl  of  the  pump  at  the  time  the 
well  is  made,  there  is  no  provision  for  the  future  change 
of  normal  water  head.  If,  from  extensive  pumping,  the 
installation  of  additional  wells,  or  protracted  drouths,  the 
water  table  is  lowered  it  would  be  necessary  to  lower  the 
pump  to  obtain  the  original  quantity  of  water.  This  would 
require  reaming  out  the  well  to  greater  depth,  which  would 
necessitate  removing  the  well  casing;  always  a  difficult 
job  and  often  a  failure.  If  unable  to  remove  the  casing, 
the  well  would  have  to  be  abandoned  and  a  new  one 
drilled.  By  reaming  the  drill  hole  out  to  the  same  di- 
ameter the  entire  depth  and  casing  it  complete  at  the  time 
the  well  is  made,  the  pump  can  be  readily  lowered  at  any 
time  and  the  well  also  has  greater  reservoir  capacity. 
The  first  cost  of  the  partly  reamed  out  drill  hole  is  less, 
as  it  requires  less  reaming  and  smaller  pipe  in  the  lower 
part  of  the  well,  but  the  large  well  the  entire  depth  pro- 
vides for  the  emergency,  and  since  the  success  of  well 
irrigation  depends  primarily  on  the  ability  of  the  well  to 
suppl.v,  at  all  tim.es,  the  required  amount  of  water,  the 
well  reamed  out  to  large  size  the  entire  depth  is  the  only 
one  recommended  by  this  company. 

Casing  and  Screens. — The  well  should  be  cased  with 
heavy  steel  pipe  the  entire  depth,  either  10-gauge  or  8- 
gauge,  but  preferably  8-gauge,  and  should  be  made  into 
a  strainer  from  the  first  water  level  to  the  bottom  of  the 
well,  by  drilling,  or  punching  -'s-in.  round  holes  l^^  in. 
apart,  center  to  center,  throughout  this  length.  That  is, 
the  surface  of  the  pipe  should  be  laid  off  in  li2-in.  squares 
and  's-in.  holes  drilled  in  the  pipe  at  the  intersections  of 
these  squares,  to  form  the  strainer.  There  are  a  large 
number  of  patented  screens  on  the  market,  some  of  which 
cost  several  times  as  much  as  a  pipe  perforated  with 
round  holes.  We  make  the  sweeping  statement  that  all  of 
these  screens  are  relics  of  the  time  when  it  was  con- 
sidered necessary  to  screen  the  sand  from  the  well,  and 
none  of  them  is  as  reliable,  as  cheap  or  as  good  for  de- 
veloping a  well  according  to  present  practice  as  the  well 
casing  perforated  with  round  holes. 

The  present  method  is  to  admit  all  possible  sand  into 
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the  well.  No  other  construction  will  admit  sand  more 
readily  than  a  round  hole.  In  present  methods  of  develop- 
ing the  well,  where  cavities  are  pumped  out  back  of  the 
well  casing,  the  casing  frequently  is  subjected  to  consid- 
erable pressure  through  material  caving  against  it.  No 
other  construction  will  sustain  this  pressure  so  well  as  a 
solid  pipe  perforated  with  only  small  round  holes.  It  has 
been  a  custom  in  several  localities  to  install  a  length  of 
patented  screen  opposite  where  the  log  of  the  well  indi- 
cated each  water  stratum  was  located  and  use  solid  pipe 
for  casing  the  remainder  of  the  drill  hole  in  the  water 
zone.  A  comparison  of  logs  of  the  supply  well  and  test 
hole  for  the  permanent  well,  usually  only  20  to  40  ft. 
apart,  of  a  large  number  of  wells  showed  that  very  few  of 
these  logs  agreed  as  to  the  exact  location  of  the  water 
strata.  When  drilling  through  several  water  bearing 
strata,  it  is  evident  that  there  is  frequently  a  small  water 
bearing  stratum  which  is  not  detected  by  the  well  driller. 
It  may  be  said,  therefore,  that  when  an  attempt  is  made  to 
screen  a  well  only  opposite  the  water  bearing  strata,  it 
seldom,  if  ever,  occurs  that  all  of  the  strata  are  properly 
screened,  with  the  result  that  there  is  a  greater  draw- 
down of  the  water  than  would  be  the  case  if  properly 
screened,  when  the  well  is  pumped  at  capacity.  If  the 
well  is  screened  by  having  the  casing  perforated  the  en- 
tire distance  from  the  first  water  stratum  to  the  bottom, 
there  is  a  free  inflow  from  all  the  water  bearing  forma- 
tions penetrated,  and  the  smallest  stratum  contributing  a 
trickle  of  water  decreases  the  pumping  head  by  just  that 
much  and  correspondingly  lessens  the  permanent  cost  of 
pumping. 

Location  of  Pump  in  the  Well.— When  the  pump  is  in- 
stalled, the  bowl  should  be  located  at  the  lowest  pumping 
level  with  a  suction  pipe  attached,  extending  to  within 
5  ft.  of  the  bottom  of  the  well.  Pumps  have  been  ex- 
tensively installed  in  deep  wells  in  the  Great  Plains  with 
only  20  to  40  ft.  of  suction  pipe.  This  method  is  cheaper 
than  the  one  recommended,  but  it  sacrifices  a  large  part  of 
the  well.  When  a  well  is  cased  with  coarse  screen  to 
admit  the  sand,  any  part  of  the  well  in  which  a  current  of 
water  is  not  maintained  will  be  rapidly  filled  with  sand. 
From  ektensive  observation,  we  make  the  statement  that 
there  is  not  a  single  large  capacity,  coarse-screened,  irri- 
gation well  in  the  Great  Plains  which  has  been  pumped 
for  a  considerable  time  that  is  not  filled  with  sand  to 
within  a  few  feet  of  the  suction  opening  of  the  pump. 
For  this  reason,  there  is  little  advantage  in  drilling  any 
well  in  this  area  more  than  a  few  feet  below  where  it  is 
proposed  to  locate  the  suction  opening  of  the  pump.  We 
have  removed  a  large  number  of  these  pumps  and  never 
failed  to  find  the  well  filled  with  sand  to  within  a  few  feet 
of  the  end  of  the  suction  pipe.  We  have  cleaned  these 
wells  and  replaced  the  pumps  only  to  have  them,  again 
rapidly  fill  with  sand  and  we  have  never  succeeded  in 
maintaining  an  open  well  until  the  suction  pipe  was  ex- 
tended to  within  a  few  feet  of  the  bottom  of  the  well. 

As  an  illustration,  we  will  assume  a  well  270  ft.  deep 
with  the  water  level  40  ft.  below  the  surface  when  not 
pumped.  It  has  been  the  custom,  in  many  localities  in 
this  area,  to  allow  40  ft.  for  draw-down.  If  this  allow- 
ance were  made,  the  bowl  of  the  pump  in  this  well  would, 
be  placed  80  ft.  deep,  and  if  20  ft.  of  suction  pipe  were 
attached,  the  suction  opening  would  be  100  ft.  below  the 
surface,  which  would  leave  170  ft.  of  well  below  the  open- 
ing in  the  suction  pipe.  With  this  installation,  when 
pumping  a  large  quantity  of  water  and  sand,  the  result 
always  would  be  a  well  closed  by  sand  to  within  a  few  feet 
of  the  suction  opening,  shutting  off  all  the  water  from  the 
lower  strata.  This  is  true  of  all  localities  where  wells 
have  coarse  screens  and  receive  water  from  sand  forma- 
tions, but  does  not  apply  where  water  is  obtained  in  rock 
strata. 

The  objection  has  been  made  that  by  extending  the 
suction  pipe  to  near  the  bottom  of  the. well,  the  head  is 
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increased  by  friction  loss  in  the  water  passing  through 
the  long  suction  pipe.  To  offset  this  slight  additional 
friction  head,  by  pumping  from  the  bottom,  all  of  the 
water  bearing  formations  are  kept  open,  and  there  is  a 
free  inflow  from  the  greatest  possible  area  into  the  well, 
which  is  certain  to  greatly  reduce  the  pumping  head.  With 
the  entire  well  kept  open,  in  this  manner,  well  failure  is 
practically  impossible  without  lowering  the  water  table  to 
great  depth,  and  should  it  be  necessary  at  any  time  to 
lower  the  bowl  of  the  pump,  this  can  be  readily  accom- 
plished. 

If  the  suction  pipe  extends  to  within  a  few  feet  of  the 
bottom  of  the  well  and  the  well  is  not  pumped  for  a  con- 
siderable time,  the  accumulation  of  sand  around  the  suc- 
tion pipe  is  likely  to  require  forcing  water  down  through 
the  piping  to  start  the  pump,  but  if  a  short  suction  pipe  is 
used  and  the  well  fills  with  sand  up  to  this  pipe,  pre- 
cisely the  same  conditions  prevail. 

It  will  be  seen  that  the  method  advocated  by  this  com- 
pany not  only  produces  a  large  reservoir  to  great  depth, 
but  develops  both  the  entire  well  and  all  of  the  ground 
around  the  well,  so  that  well  failure  is  practically  impos- 


Fig.    1 — Combination   Fish   Tail   and   Five    Reamer   Blade   Bit.     Fig.   2— 

Five    Biade    Reamer    Bit.      Fig.    3 — Revolving    Rock    Cutter 

For  Use  In  Hard  Rock  With  Rotary  Machine. 

sible  without  removing  the  last  drop  of  water  from  all 
ground  lying  within  economical  pumping  depth. 

We  firmly  believe  that  if  the  methods  advocated  by  this 
company  for  sinking,  casing,  screening  and  developing 
the  well  and  installing  the  pump  are  practiced,  there  are 
millions  of  acres  in  the  Great  Plains  that  may  be  as  cer- 
tain of  a  full  crop  every  year  through  supplemental  well 
irrigation  as  any  other  area  in  America. 

Method  Used  for  Drilling  Large  Capacity  Wells  in  the 
Great  Plains. — The  Texas  Land  and  Development  Co.,  us- 
ing the  improved  drilling  outfits  shown  in  this  bulletin, 
erect  the  derricks,  put  down  the  wells  and  case  them  com- 
plete in  from  eight  to  ten  days;  the  actual  drilling  time 
being  from  three  to  four  days.  There  are  a  number  of 
operators  attempting  to  sink  large  irrigation  wells  in  this 
area  with  inadequate  equipment  who  require  from  one  to 
three  months  to  complete  a  well.  The  working  crew  and 
cost  for  fuel  with  such  an  outfit  are  about  the  same  per 
day  as  with  the  efficient  equipment.  The  greater  economy 
of  operation  with  the  most  improved  machinery  will  there- 
fore pay  the  entire  cost  of  modern  equipment  in  the  sav- 
ing effected  in  drilling  a  few  wells. 

In  the  construction  of  a  deep  well  irrigation  pumping 
plant  the  first  care  should  be  to  locate  the  well  on  the 
highest  land  to  be  irrigated.  The  work  should  then  pro- 
ceed with  the  idea  that  the  well  is  a  permanent  invest- 
ment, which,  if  properly  made,  will  act  as  an  insurance 
policy  to  guarantee  a  full  crop  every  year  and  perhaps 
add  several  hundred  per  cent  to  the  value  of  the  land. 
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It  should  be  borne  in  mind  also  that  the  success  of  the 
entire  enterprise  depends  upon  the  ability  of  the  well  to 
supply  the  water.  In  some  localities  it  is  customary  to 
sink  two  wells  on  large  farms  so  that  a  pumping  unit  can 
be  always  kept  in  reserve  in  case  of  accident  to  well  or 
machinery.  Where  two  wells  are  installed,  both  should 
be  on  the  high  line  of  the  land  to  be  irrigated  so  that  every 
acre  can  receive  water  from  either  pump. 

Where  a  farm  comprises  a  quarter  section  or  less  of 
land,  the  entire  farm  should  be  irrigated  from  a  single 
well.  It  has  been  found  that  if  the  well  is  made  of  large 
size  and  properly  screened  and  developed  it  will  furnish 
ample  water  for  160  acres  in  the  Great  Plains  and  large 
engines  and  pumps  are  more  efficient  than  small  ones  and 
a  large  irrigation  pumping  plant  will  require  little  more 
attention  than  each  of  several  small  ones.  The  seepage 
losses  in  the  principal  ditches  will  be  greater  with  the 
large  plant  than  where  several  small  pumps  are  intalled 
to  irrigate  the  same  acreage,  but  this  is  more  than  offset 
by  the  greater  economy  of  operation  of  the  large  pumping 
unit. 

When  the  location  for  the  well  is  selected  the  first  op- 
eration is  to  drill  a  6-in.  supply  well  to  furnish  water  for 
boiler  and  pump  connected  with  rotary  machine.  This 
well  is  drilled  only  a  sufficient  depth  to  furnish  the  tempo- 
rary supply  required  in  making  the  larger  well.  A  log  is 
taken  of  this  well  to  verify  the  log  taken  later  of  the  8-in. 
drill  hole  of  the  permanent  well  but  as  previously  ex- 
plained the  larger  drill  hole  furnishes  the  more  accurate 
record.  In  thi.s  well  a  deep  well  plunger  pump  with  a 
steam  working  head  connected  by  steam  pipe  with  boiler 
is  usually  installed.  This  pump  delivers  water  to  a  tank 
for  boiler  supply  and  also  furnishes  water  for  the  pool 
from  which  the  drill  pump  obtains  its  supply.  Some  well 
drillers  put  down  the  test  hole  with  the  rotary  machine  in 
which  case  it  is  usually  made  eight  inches  in  diameter 
and  the  permanent  well  is  made  by  enlarging  this  hole. 
When  this  method  is  used,  water  must  be  hauled  for  boiler 
and  to  supply  the  pump  with  water  for  circulation. 

The  derrick  is  generally  built  16  ft.  square  at  base, 
tapering  to  4  ft.  square  at  top,  the  usual  height  being 
42  ft.  This  derrick  is  very  strongly  constructed  and  is 
left  standing  as  a  part  of  the  permanent  equipment,  by 
most  operators,  for  use  in  case  repairs  are  required  to 
well  or  pump.  The  derrick  is  made  with  an  opening  on 
the  side  opposite  the  engine,  through  which  the  piping 
is  taken. 

The  usual  modern  drilling  equipment  consists  of  a  loco- 
motive type  steam  boiler  mounted  on  trucks;  a  steam  en- 
gine, pump,  drive  shaft  and  cable  drum  shaft  with  the 
necessary  clutches,  brake  band  and  feed  worm  gearing, 
mounted  on  a  separate  truck;  tackle  for  suspending  the 
drill  pipe  from  the  top  of  the  derrick  and  the  rotary  ma- 
chine mounted  on  the  derrick  floor,  with  the  required  con- 
nections for  pump,  cable  and  drilling  tools.  The  engine 
is  connected  with  counter-shaft  on  the  same  truck  from. 
which  pump  and  main  shaft  are  driven  by  sprocket  chains 
and  rotary  machine  is  also  connected  with  drive  shaft  by 
sprocket. 

In  operation  the  hoisting  drum  and  cable  are  used,  to 
raise  and  lower  the  rotary  tools  or  well  casing.  The 
rotary  machine  grips  and  rotates  the  drill  rods  or  well 
casing  and  is  so  constructed  that  by  loosening  the  grip- 
pers,  the  piping  can  be  raised  or  lowered  as  required. 
The  drill  rod  is  usually  4-in.  or  6-in.  heavy  wrought  iron 
pipe  and  the  lengths  of  pipe  are  joined  together  with 
strong  taper  thread  couplings.  The  drill  pipe  is  con- 
nected at  the  top  to  pulley  block  by  a  rotary  swivel  which 
has  large  roller  bearings  of  high  grade  material  and  con- 
struction. This  swivel  is  also  connected  with  the  water 
hose.  The  bottom  of  the  drill  pipe  is  fitted  with  a  rotary 
drill  tool  or  core  barrel  as  conditions  require.  Sometimes 
the  permanent  well  casing  fitted  at  the  bottom  with  a 
toothed  steel  cutting  shoe  is  substituted  for  the.  drill  pipe 
and  is  rotated  down  in  the  same  manner.  The  core  barrel 
is  used  only  in  cutting  rock  formations  and  the  irrigation 
wells  now  sunk  in  the  Great  Plains  are  too  large  to  suc- 
cessfully rotate  down  the  permanent  well  casing  without 
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first  drilling  a  hole.  For  these  reasons  neither  of  the 
above  methods  are  used  by  the  most  successful  operators 
in  this  area. 

At  Hereford,  Texas,  the  test  drill  hole  is  made  with  the 
rotary  machine.  For  this  purpose  an  8-in.  fish-tail  drill 
is  used.  When  the  test  hole  is  completed,  the  combina- 
tion fish-tail  and  5-blade  reaming  bit,  shown  in  Fig.  1,  is 
attached  to  the  drill  pipe  and  the  well  enlarged  to  30  in. 
in  diameter.  The  fish-tail  bit  in  this  combination  is  16  in. 
in  diameter.  At  Plainview,  Texas,  the  permanent  well  is 
begun  with  an  8-in.  fish-tail  bit  and  this  hole  is  then  en- 
larged to  16  in.  in  diameter  with  a  diamond  bit,  and  after- 
wards increased  to  30  in.  in  diameter  to  80  ft.  from  sur- 
face with  either  a  combination  fish-tail  and  5-blade  ream- 
ing bit  or  the  reaming  bit  with  pilot  pipe  shown  in  Fig. 
2  and  remainder  of  hole  reamed  with  16-in.  reamer.  The 
combination  fish-tail  and  two  rows  of  reamer  blades  bit 
has  been  employed  in  some  instances  for  enlarging  the 
drill  hole,  but  the  combination  fish-tail  and  single  row  of 
reamer  blades  bit  is  now  generally  used  for  this  purpose. 
When  setting  up  the  machine  for  operation  care  should 
be  taken  to  see  that  the  center  of  the  opening  in  the  rotary 
is  in  vertical  line  with  the  crown  block  in  the  top  of  the 
derrick  frame.  The  rotary  must  then  be  firmly  braced  or 
bolted  to  the  derrick  floor  to  prevent  its  pulling  out  of 
line. 

The  suction  pipe  of  the  pressure  pump  is  led  into  a 
shallow  basin  excavated  in  the  ground  close  to  where  the 
pump  is  located.  A  trench  is  then  cut  by  a  round  about 
way,  to  increase  its  length,  from  the  center  of  the  derrick 
where  the  well  is  to  be  located  to  the  basin.  The  object 
is  to  make  the  circulating  water  travel  a  considerable 
distance  in  the  trench  before  reaching  the  pool.  This 
method  allows  the  sand  to  settle  in  the  trench  from  which 
it  may  be  shoveled  as  the  work  progresses.  The  nature  of 
the  formation  in  which  the  drill  is  operating  may  be  de- 
termined at  any  time  by  examining  the  sand  as  it  is  de- 
posited in  the  trench. 

The  drilling  tool  for  starting  a  large  well  is  formed  by 
connecting  an  8-in.  fish-tail  drill  with  the  lower  end  of 
a  6-in.  heavy  wrought  iron  drill  pipe  and  attaching  to  the 
upper  end  a  combination  rotary  swivel  and  hose  connec- 
tion. The  water  supply  pipe  from  the  pump  is  usually 
fitted  with  a  three-way  cock  above  which  two  pipes  lead  up 
the  side  of  the  derrick  frame  a  considerable  distance  where 
connection  with  the  water  hose  is  made.  This  three-way 
cock  and  two-pipe  connection  permits  joining  up  another 
water  swivel  to  a  length  of  drill  pipe  ready  to  be  attached 
with  least  delay  when  it  is  required.  The  suction  hose  to  the 
pump  should  be  fitted  with  coarse  strainer  to  keep  out  any 
material  liable  to  obstruct  the  pump.  The  operator  should 
test  the  pump  to  see  that  it  is  delivering  normal  volume  of 
water  before  starting  to  drill  and  he  should  screw  up  all 
the  joints  in  the  drill  pipe  and  fittings  very  tight  as  there 
is  a  certain  amount  of  vibration  in  connection  with  the 
work  which  has  a  tendency  to  break  the  pipe  threads  if 
the  joints  are  not  tight. 

When  the  string  of  tools  is  completed  it  is  hoisted  into 
the  derrick  frame  by  means  of  a  cable  led  from  cable 
drum,  on  the  end  of  power  truck,  over  crown  sheave 
block  at  top  of  derrick  and  connecting  with  sheave  block 
joined  to  swivel.  The  pump  is  then  started  and  water 
passes  through  the  drill  pipe  and  is  discharged  through 
the  two  water  orifices  in  the  shank  of  the  bit.  The  drill 
pipe  is  then  gripped  in  the  rotary  machine  and  turned  at 
a  speed  of  30  to  100  revolutions  per  minute,  depending 
upon  the  size  of  the  hole  and  the  nature  of  the  forma- 
tion being  cut. 

As  previously  explained  the  methods  used  in  enlarging 
the  hole  vary  in  different  localities,  but  in  drilling  in  soft 
formations  the  first  small  hole  is  nearly  always  made  with 
a  fish-tail  bit.  This  bit  will  cut  all  kinds  of  soft  material 
and  many  kinds  of  semi-hard  formations,  such  as  shale, 
gumbo  and  hard  pan  and  also  some  forms  of  sand  rock 
and  cemented  gravel  or  agglomerates. 

When  one  length  of  pipe  is  drilled  down  to  the  machine 
the  second  length  of  pipe  is  screwed  on.  By  using  two 
swivels  and  two  lengths  of  water  hose  in  connection  with 
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the  three-way  water  cock  in  the  water  supply  pipe  and 
onnecting  up  and  hoisting  a  length  of  pipe  into  the  derrick 
while  the  machine  is  in  operation,  the  work  of  discon- 
connecting  up  and  hoisting  a  length  of  pipe  into  the  derrick 
water  connection  is  accomplished  in  a  few  seconds  and 
usually  without  stopping  the  pump.  In  running  down  the 
first  length  or  two  of  pipe,  it  is  necessary  to  watch  closely 
to  see  that  they  do  not  get  out  of  plumb.  A  derrick  guide 
is  used  to  hold  the  piping  perpendicular. 

The  circulating  water  is  usually  allowed  to  become 
heavily  charged  with  clay  which  is  not  only  a  natural  re- 
sult, but  in  many  localities  is  essential  to  the  success  of 
the  work.  If  clear  water  is  pumped  into  a  sand  formation 
it  will  be  rapidly  absorbed  by  the  sand  and  the  circula- 
tion soon  stop  owing  to  the  supply  being  lost  in  the  sand. 
This  is  especially  true  when  the  sand  is  coarse  and  water 
bearing.  The  clay  will  not  flow  through  the  sand  to  a 
great  extent  and  will  materially  help  to  stiffen  up  the 
walls  of  the  drill  hole  and  progress  can  be  made  faster 
through  formations  having  a  tendency  to  cave  than  by  the 
use  of  comparatively  clear  water.  This  process  is  known 
as  mud-walling  a  hole  and  is  so  effective  that  holes  in 
pure  sand  are  made  to  stand  without  casing  for  a  consid- 
erable time. 

When  working  through  sand.v  formations  there  is  a 
tendency  of  the  sand  to  settle  down  around  the  drill  when 
the  water  is  stopped  and  in  some  cases  considerable  wa- 
ter pressure  is  required  to  lift  this  sand  before  rotating 
can  be  continued.  In  some  formations  the  full  weight  of 
the  drill  rods  may  be  allowed  to  rest  on  the  bottom  while 
in  others  it  is  necessary  to  sustain  a  part  of  the  weight 
from  the  hoisting  drum  of  the  machine  as  the  tools  will 
cut  faster  than  the  pump  will  wash  out  the  material.  Ex- 
perience will  gradually  indicate  to  the  operator  the 
amount  of  weight  to  carry  on  the  tools. 

When  the  drill  enters  a  water  bearing  stratum,  there 
will  be  a  tendency  of  the  water  in  the  well  to  sink  down 
to  the  ground  water  level.  This  indicates  to  the  operator 
the  location  of  each  water  bearing  stratum.  By  using 
circulating  water  heavily  charged  with  clay  the  water 
strata  are  quickly  sealed  to  an  extent  that  they  do  not 
interfere  with  the  drilling  operation. 

In  conditions  especially  favorable  to  this  method  of 
drilling  and  where  proper  equipment  is  used,  the  work 
progresses  very  rapidly.  There  are  instances  in  which 
operating  under  very  favorable  conditions  and  where  no 
hard  formations  were  encountered  1,000  ft.  of  drill  hole 
w'ere  made  in  a  24-hour  day.  This  is  unusual,  but  oper- 
ating entirely  in  soft  formations  records  of  200  to  300  ft. 
a  day  are  frequently  made. 

If  rock  is  struck  which  is  too  hard  to  be  cut  with  tools 
designed  for  earth  drilling  it  may  be  drilled  by  the  rotary 
process  by  either  using  a  core  barrel  and  chilled  shot  or 
some  form  i-f  revolving  conical  or  cylindrical  bit.  The 
core  barrel  and  chilled  shot  method  consists  of  a  core 
barrel  of  soft  iron  the  size  of  the  drill  hole  in  circumfer- 
ence and  any  length  required,  but  usually  from  6  to  12 
ft.  long.  This  barrel  may  be  used  either  with  or  without 
a  shoe  at  the  lower  end.  A  slot  is  cut  diagonally  upward 
for  several  inches  in  the  lower  end  of  the  core  barrel,  or 
if  a  shoe  is  used  the  slot  is  cut  in  the  shoe.  In  operating 
by  this  method  a  core  is  made  which  when  removed  gives 
a  complete  log  of  the  formations  penetrated.  The  core 
barrel  is  attached  in  place  of  other  tools  to  the  lower  end 
of  the  drill  pipe  and  rotated  in  the  same  manner.  Small 
irregular  pellets  of  steel,  usually  known  as  "chilled  shot" 
or  "adamantine"  are,  poured  down  the  drill  pipe,  a  hand- 
ful at  a  time,  and  are  carried  by  the  circulating  water  and 
the  slot  in  the  lower  end  of  the  barrel  down  under  the 
lower  edge  of  the  barrel,  thus  cutting  the  rock  by  abra- 
sion. The  barrel  cuts  a  circular  slot  or  "Kerf,"  leaving 
a  central  core.  When  several  feet  of  rock  are  cut,  if  the 
drill  hole  is  small,  the  core  is  removed  by  dropping  a 
handful  of  stone  chips  down  the  drill  pipe  and  wedging 
the  core  in  the  barrel  so  that  it  may  be  removed  by  draw- 
ing out  the  drill  pipe.  If  the  drill  hole  is  large  the  core 
is  taken  out  with  special  gripping  devices  which  are  run 
in  to  grip  and  lift  the  core  after  the  drill  rods  are  re- 


moved. Single  pieces  of  core  weighing  over  IV'2  tons  have 
been  taken  out  in  this  manner  from  a  drill  hole  32  in.  in 
diameter. 

The  revolving  rock  cutters  used  for  cutting  hard  rock 
with  the  rotary  machine  are  either  conical  or  cylindrical 
in  form  with  the  surface  composed  of  blunt  teeth  which 
drill  by  abrasion  and  the  cuttings  are  washed  out  by  the 
circulating  water.  The  cylindrical  form  of  this  bit  (Fig. 
3)  is  so  mounted  that  it  has  a  gyratory  motion  and  cuts 
both  on  the  end  and  a  portion  of  the  side. 


TESTS  OF  LEAD  CAULKED  PIPE  JOINTS. 

In  connection  with  the  construction  of  the  new  water 
supply  system  of  Port  Arthur,  Ont.,  tests  were  made  of 
lead  caulked  pipe  joints.  For  this  purpose  some  lengths 
of  12-in.,  316-in.  thick,  20  ft.  long,  bell  and  spigot  steel 
pipe  were  used  with  a  valve  at  each  end  of  the  line.  The 
pipes  were  on  blocking  and  standing  free  and  in  all  there 
were  four  joints.  A  small  hand  pump  having  a  dis- 
placement of  3  cu.  in.  free  stroke  was  used.  The  results 
of  the  tests  as  given  by  Mr.  L.  M.  Jones,  city  engineer, 
in  a  paper  presented  on  Nov.  2  before  the  Canadian  So- 
ciety of  Civil  Engineers  were  as  follows : 

TEST  NO.  1. 
Pres- 
sure.       Joint  No.  1  Jo'nt  No.  2       Joint  No.  3  Joint  No.   4 
lbs.             run  lead.                lead    wool.           I'un  lead.  lead  wool, 

110  Sweating-  slightly.  .Sound   Sound   Sound. 

125  Sweating   freely ..  .Sound    Sound    Sweating    slightly. 

150  Dripping  freely. ..  .Sound   Sound    Sweating  freely. 

200  Dripping  freely. ..  .Sound   Sound   Valve      started      to 

move    off,    leaking 
freely. 

225  Dripping  freely.. .  .Sound    Sound   Valve      moved      off 

i.V2      in..      leaking 
freely. 
In  the  above  test  the  protective  solution  was  left  on  spigot  and  bell. 

TEST  NO.  2. 
Pres- 
sure,      Joint  No.  1  Joint  No.  2        Joint  No.  3  Joint  No.  4 
lbs.             run  lead.                lead  wool.           run  lead.  run  lead. 

110  Sweating  slightly.. Sound   Sound    Sound. 

150  Sweating   Sound    Sound   Sweating  slightly. 

200  Sweating  freely. .  .Sound   Sound   Valve  jumped  1  in., 

and  leaking  freely. 
The  spigot  at  Joint  was  cut  off  and  solution  left  on. 

TEST  NO.   3. 
Pres- 

syre.        Joint  No.  1  Joint  No.  2        Joint  No.  3  Joint  No.  4 

11)S.  run  lead.  lead  wool.  run  lead.  lead  wool. 

200  Sound    Sound   Sound   Sweating  slightly. 

300  Sweating  slightly. ..Sound  Sound   Dripping. 

350  Sweating  freely ..  .Sound   Sound   ..' Running. 

400  Moved    Vi   in Moved    %    in., 

not  leaking. .  Moved    Vi    in., 

dripping    . . .  .Running  freely. 
150  Lead      started      to 

blow    Sweating 

slightly    Moi'ed  1  in Running  freely,  but 

had  not  nioved. 
Pipes  were  clamped  in  this   test  only,   as  shown  in  Fig.   1.     At  450 
Il>s.   the  pipe  buckled  at  joint  No.  3. 

TEST  NO.   4. 
Pres- 
sure,      Joint  No.  1  Joint  No.  2        Jo'nt  No.  3  Joint  No.   4 
lbs.            run  lead.                run  lead.           run  lead.  run  lead. 

200  Sound    Sound   Sound   Sweating. 

275  Sound    Sweating 

freely    Sound   Sweating. 

290  Sound   Jumped  Vt  in., 

dripping    Sound   Sweating. 

300  Sweating  slightly. .Dripping  free- 
ly     Jumped   %  in., 

leaked   badly.Dripping  freely. 
340  Sweating  slightly.  .Dripping  free- 
ly     Leaking  badly 

and    moving. Dripping  freely. 
390  Sweating  slightly.  .Dripping  free- 

l.v   Moved     1     in., 

lead      started 

to    blow Dripping   freely. 

The  spigot  ends  of  all  pipes  were  well  scraped  and  brightened. 


Pres- 
sure,      Jxjint  No.  1 
lbs.  i'un  lead. 

150  Sweating  slishtly. 
1100  Sweating  slightly. 
-25  S"weating  freely.. 
2.'.0  Sweating  freely. . 
275  Sw^eating  freely.. 


290  Sweating 
340  Sweating 


TEST  NO.  5. 


Joint  No.  2 
run   lead. 

.Sound  

■Sound    

Sound 


Joint  No.  3  Joint  No.   4 

run  lead.  run    lead. 

.Sound   Sound. 

.Sound   Sound. 

.Sound  Sound. 


In  this  test  1%  in. 
of  from  2',4  in.  to  3^4 


Souna    Sound   Sound. 

.Sound   Sweating 

slightly    Sound. 

.Sound  Jumped  3/16 

in Sound. 

.Sound   Jloved    %    in.. 

lead      st.arted 

to      blow      at 

bottom    Sound. 

to  2H  in.  of  lead  were  used  in  each  joint  instead 
in.  during  the  previous  tests. 


The  foregoing  tests  were  made  within  a  few  hours  of 
making  the  joints,  and  in  order  to  ascertain  what  advan- 
tage there  would  be  in  leaving  the  joints  for  several 
weeks,  a  test  was  conducted  four  weeks  later  on  pipes 
caulked  when  the  above  tests   were  made.     In  this  test 
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three  joints  were  caulked  with  lead  wool  and  the  fourth 
with  lead  wire  •'s  in.  in  diameter.  When  the  test  was  ap- 
plied the  pressure  was  gradually  raised  to  500  lb.  per 
square  inch  ^vith  no  preceptible  sweating.  When  raised 
a  few  pounds  higher  one  of  the  joints  suddenly  moved  1'-; 
in.  The  arrangement  of  pipe  was  similar  to  the  previous 
tests. 

One  test  was  also  applied  on  a  24-in.  pipe  as  above, 
there  being  four  joints  in  all,  caulked  with  run  lead,  lead 
wool  and  lead  wire.     When  the  pressure  reached   120  lb. 


Fig.   1. 

the  run  lead  joints  gave  out.  On  account  of  cold  weather 
no  further  tests  were  made. 

It  should  be  noted  that  the  pressure  exerted  on  the  12- 
in.  gate  at  500  lb.  per  square  inch,  was  56,550  lb.,  and 
on  the  24-in.,  54,286  lb.  and  120  lb.  pressure. 

Some  points  brought  out  in  the  tests  according  to  Mr. 
Jones'  paper  were : 

1.  It  is  evident  that  lead  wool  makes  a  better  joint  than 
run  lead  and  lead  wire  better  than  lead  wool. 

2.  That  a  depth  of  lead  from  1-^4  in.  to  2  in.  from  the 
face  of  the  bell  is  cheaper  and  just  as  efficient  as  a  greater 
depth.  Caulking  had  no  effect  on  the  lead  beyond  this 
depth. 

S.  The  clean  spigot  allows  of  a  better  joint  being  made 
than  one  having  a  covering  of  solution. 

4.  That  the  run  lead  joints  gave  better  results  when 
pressure  was  applied  about  four  weeks  after  making,  than 
immediately  after  being  made. 

5.  That  none  of  the  lead  blew  from  the  joints  until  con- 
siderable movement  had  taken  place  in  the  joint. 

6.  That  better  results  would  have  been  obtained  had 
the  pipe  been  laid  in  the  trench  and  properly  covered,  for 
the  reason  that  no  movement  would  have  taken  place  in 
the  pipes  if  bends  were  anchored. 

7.  It  is  evident  that  all  bends  of  considerable  angle 
should  be  anchored  to  prevent  movement.  This  was  very 
clear  with  regard  to  the  24-in.  pipe. 


PRESENT    STATUS    OF    MIAMI    FLOOD    CONTROL 
PROJECT. 

On  Nov.  24  the  court  rendered  a  decision  approving  the 
plans  of  the  Miami  Conservancy  District  of  Ohio,  thus 
bringing  this  $17,000,000  project  one  step  nearer  the  con- 
struction stage. 

The  engineering  work  is  well  advanced  and  the  plans 
for  the  project  have  been  completed.  There  is  still  con- 
siderable engineering  work  to  do  in  the  preparation  of 
contract  and  working  drawings  and  in  the  collection  and 
classification  of  data  for  use  on  the  appraisal  of  benefits 
and  damages. 

The  most  important  work  on  this  project  just  now  is 
the  preparation  of  the  appraisal  record  which  will  set 
forth  in  detail  the  benefits  and  damages  acruing  to  each 
particular  piece  of  property  in  the  district,  from  the  pro- 
posed construction.  It  is  expected  that  the  Board  of  Ap- 
praisers will  complete  this  work  within  the  next  two 
months,  and,  after  the  Conservancy  Court  has  approved 
this  appraisal,  the  Board  of  Directors  will  be  ready  to 
issue  bonds  and  let  contracts  for  the  work.  It  is  therefore 
possible  that  construction  may  be  started  some  time  dur- 
ing 1917. 


The  Water  Works  Department  of  the  city  of  Youngs- 
town.  0.,  has  adopted  the  lime  method  of  precipitating 
iron  from  the  Mahoning  River  water  and  at  the  same  time 
softening  it  before  turning  the  water  into  the  city  mains 
for  public  consumption. 
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THE  PREVENTION  OF  SLIDES  ON  THE  PANAMA 
CANAL.* 

In  October,  1915,  the  President  of  the  United  States 
was  advised  by  a  member  of  the  National  Academy  of 
Sciences — which  was  organized  by  an' act  of  Congress 
to  give  expert  advice  to  the  President  and  Congress  on 
scientific  matters — who  stated  that  one  of  its  members 
had  made  an  extensive  study  of  earth  slides  in  tropical 
countries,  and  was  convinced  that  there  were  relatively 
simply  ways  by  which  they  could  be  stopped,  and  sug- 
gested that  a  committee  of  mining  engineers  and  geol- 
ogists of  the  academy  be  appointed  to  consider  his  propo- 
sitions. In  consequence  of  this,  the  President  of  the 
United  States  requested  that  a  committee  be  appointed 
by  the  National  Academy  of  Sciences  to  "Consider  and 
report  upon  the  possibility  of  controlling  the  slides,  which 
are  seriously  interfering  with  the  use  of  the  Panama  Ca- 
nal." From  the  correspondence  it  appears  that  at  a  meet- 
ing held  in  New  York,  "*"  *  *  the  hope  was  repeat- 
edly expressed  that  an  effective  solution  may  speedily  be 
found." 

The  coming  of  the  committee  was  welcomed  on  \he 
Isthmus,  for  so  much  misinformation  had  been  sent  broad- 
cast, doing  more  injury  to  the  canal  than  the  closing  of 
it  by  the  slides;  confidence  had  been  upset;  and  it  was 
hoped  not  only,  that  a  remedy  would  be  forthcoming,  but 
that  the  report  of  the  committee  would  be  able  to  restore 
confidence  in  the  project,  especially  as  those  connected 
with  the  work  knew  that  the  methods  adopted  would  over- 
come the  difficulties  for  good  and  all,  given  the  time  and 
money,  and  that  the  waterway  would  be  all  that  had  been 
e.xpected.  ~ 

The  preliminary  report  by  the  committee  of  the  Na- 
tional Academy  of  Sciences  was  submitted  to  the  Presi- 
dent in  January,  1916.  At  that  time  they  expected  that 
their  final  report  would  be  completed  in  April,  but  up 
to  date  it  has  not  been  received.  The"  committee  ex- 
pressed the  belief  that  every  available  and  practicable 
device  for  controlling  the  water,  both  on  the  surface  and 
underground  should  be  employed,  and  to  this  end  advo- 
cated covering  the  slopes  with  vegetation  to  prevent  sur- 
face wash,  closing  peripheral  cracks,  draining  undis- 
turbed and  threatened  areas,  and  draining  by  tunnels. 

For  several  years  the  expedient  of  covering  the  slopes 
with  vegetation  has  been  carried  on,  starting  under  the 
direction  of  Dr.  Pittier,  of  the  Smithsonian  Institution. 
Where  the  surface  of  the  ground  is  in  motion,  as  in  the 
case  of  active  slides,  the  roots  are  disturbed,  and  the 
steady  growth  of  vegetation  is  impracticable.  Trees  and 
vegetation  of  all  kinds  growing  on  the  surface  of  the 
ground  which  broke  in  October,  1914,  were  carried  down 
the  slide  and  exercised  no  deterring  effect  whatsoever. 
On  sliding  ground  there  is  not  sufficient  time  to  plant 
anything  and  no  good  would  be  accomplished.  Where 
the  banks  consist  of  the  red  clay  of  the  country,  it  is  only 
after  considerable  difficulty  that  grass  of  any  kind  can 
be  grown  on  them.  Vegetation  stops  erosion ;  on  this  ac- 
count the  work  was  undertaken  and  is  being  carried  on. 
When  peripheral  cracks  occur  in  rock  with  sufficient 
earth  covering  they  may  be  effectually  closed  by  the  use 
of  a  hydraulic  grader,  as  was  done  in  an  incipient  slide 
on  the  west  bank  of  the  canal  near  Las  Cascadas.  The 
sluicing  down  of  the  earth  into  a  uniform  slope  not  only 
fills  the  cracks  and  prevents  the  access  of  surface  water 
into  them,  but  facilitates  the  drainage  by  providing  a 
ready  means  of  run-off  into  the  canal.  This  m.ethod, 
while  applied  with  good  results  at  the  north  end  of  the 
Ea.st  Culebra  slide,  so  long  as  the  material  is  at  rest,  a 
subsequent  movement  develops  new  cracks  and  irregu- 
larities so  that  until  all  loose  clay  and  rock  is  removed 
and  the  final  slope  reached,  the  relief  is  temporary  only. 
Where  there  is  very  little  earth  covering,  as  is  the  case 
on  Culebra  Hill,  and  where  the  cracks  are  wide  and  ex- 
tend a  great  depth  in  rock,  it  is  not  practicable  to  close 


•From    the   annual   report   of   Gen.   Geo.    W.   Goethals.   Governor   of 
the  Panama  Canal  Zone,  made  public  on  Nov.  20. 
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them  permanently  without  expense  that  is  disproportion- 
ate to  the  results  obtained. 

In  compliance  with  the  expressed  wishes  of  the  com- 
mittee while  on  the  Isthmus,  subsurface  tile  drains  have 
been  installed  within  an  area  on  Culebra  Hill  as  an  ex- 
periment. Al.so,  as  suggested  by  the  committee,  the  fault 
fissure  under  the  hard  Obispo  tuff  on  the  north  side  of 
Contractors  Hill  has  been  sealed  and  a  concrete-lined 
drain  constructed,  draining  the  surface  water  into  the 
canal,  with  a  view  to  the  protection  of  the  Cucaracha 
rock  beds  adjacent  to  this  portion  of  Contractors  Hill. 

It  is  admitted  that  if  the  water  could  be  entirely  ex- 
cluded the  earth  movements  would  cease,  but  unfortun- 
ately this  is  impossible.  With  the  heavy  tropical  down- 
pours the  best  that  can  be  done  is  by  drainage,  to  carry 
away  what  falls  as  rapidly  as  possible,  but  ground  water 
can  not  be  eliminated.  So  far  as  concerns  ground  water, 
the  construction  of  the  canal  has  created  entirely  new 
conditions.  The  old  tributaries  of  the  Chagres  River  and 
those  of  the  Rio  Grande,  which  formerly  were  natural 
drains,  are  now  well  above  the  water  surface  of  the  canal, 
and  the  canal  has  become  the  drainage  channel  for  the 
country  for  miles  on  either  side.  Even  assuming  that 
were  it  possible  to  devise  a  system  for  getting  rid  of 
ground  water,  it  must  still  exist  below  the  surface  of  the 
water  in  the  canal  itself.  The  slides  in  question  affect 
the  banks  for  a  considerable  distance  down,  probably 
below  the  bottom  of  the  canal,  and  if  ground  water  be 
primarily  the  cause,  then  it  can  not  be  removed  from  the 
strata  at  which  the  trouble  starts. 

Surface  drainage  was  maintained  throughout  the  period 
of  dry  excavation.  The  adjacent  country  on  either  side 
of  the  canal  was  drained  through  the  east  and  west  di- 
versions, which  continued  to  act  as  drains,  discharging 
their  accumulated  waters  into  the  Chagres.  In  relieving 
the  pressure,  force  pumps  on  barges  have  enabled  the 
washing  down  of  part  of  the  material,  as  already  ex- 
plained. The  hydraulic  grader  which  was  constructed 
in  -luly,  1914,  and  put  in  commission  in  August,  1914. 
was  built  especially  for  opening  channels  to  expedite  sur- 
face drainage  at  various  points  along  the  line  of  the 
canal,  and  to  maintain  them,  and  this  work  has  been  car- 
ried on,  although  suspended  south  of  the  slide,  due  to 
the  interruption  and  shut-off  of  the  channel  last  fall  and 
winter. 

So  long  as  the  slides  are  active  and  the  configurations 
of  their  surfaces  change  as  rapidly  as  they  now  do,  it  is 
impracticable  to  open  and  maintain  the  permanent  drains 
recommended  in  the  moving  areas.  When  equilibrium 
is  restored,  and  as  a  means  of  promoting  permanent  sta- 
bility, the  drains  of  a  permanent  character  should  be  con- 
structed and  maintained. 

Drainage  by  tunnels  has  been  considered  in  connection 
with  data  obtained  since  the  committee's  report  was  writ- 
ten, as  the  result  of  experiments  suggested  by  the  chair- 
man of  the  committee.  Dr.  Van  Hise,  through  whom  the 
services  of  Prof.  Warren  J.  Mead  of  the  University  of 
Wisconsin,  were  secured,  and  who  was  assisted  by  Mr. 
Donald  F.  MacDonald  in  making  tests  of  the  rock  forma- 
tion in  which  the  east  and  west  Culebra  and  Cucaracha 
slides  have  occurred.  The  result  of  the  experiments  in 
brief  were  as  follows : 

Twenty-one  avciase  saniiiles  oi  the  Cucaracha  or  sliding  forma- 
tion were  taken  from  below  the  water  level  of  the  canal.  These 
samples,  completely  saturated,  contained  12.20  par  cent  of  water  by 
weight,  or  27. S  per  cent  of  volume.  The  16  average  samples  taken 
from,  well  above  the  level  "f  ground  water,  where  the  rocks  were 
much  jointed  and  fractured  and,  therefore,  perfectly  drained,  con- 
tained 10.60  pe'  cent  of  water  by  weight.  As  -shown  above,  12.2 
l)er  cent  of  water  by  weight  fills  all  of  the  pore  spaces  of  the  rock; 
therefore,  10. S  per  cent  by  weight  fills  only  S7  per  cent  of  them, 
leaving  13  per  cent  of  the  tot.al  pore  space  as  having  been  emptied 
by  drainage  ani  by  drying.  Now.  13  per  cent  of  27.8  per  cent  is  3.6 
T)er  cent  of  the  total  volume  of  the  rock.  This  shows  that  natural 
drainage  of  ih.j  most  perfect  kind  would  not  remove  more  than  13 
per  cent  of  the  water  by  weight,  equivalent  to  3.6  per  cent  of  the 
volume  of  the  rock.  However,  most  of  the  samples  from  the  drained 
rock  were  taken  very  close  to  the  surface,  so  that  very  likely  they 
lost  some  of  their  water  through  drying  out  by  the  heat  of  the 
sun,  for  the  dry  season  nas  more  than  a  month  old  at  the  time 
they   were  collected. 


These  facts  show  that  while  the  sliding  rocks  have  a  high  per- 
centage of  pore  space,  the  pores  are  mostly  of  capillars'  size  and  are 
filled  with  water  which  obeys  the  laws  of  capillarity  and  which 
can  not,  therefore,  be  drained  oft.  These  experiments  definitely  es- 
tablished that  all  cures  by  drainage  which  had  been  offered  to  and 
urged  on  the  canal  authorities  were  absolutely  futile,  and  the  money 
which  might  have  been  wasted  in  worthless  tunnels,  wells,  and  acres 
o'  asphalt  covering,  was  saved  for  the  only  remedy  that  could  bring 
permanent    cure    under    the    circumstances — dredging. 

Before  considering  the  suggestions  that  have  been  made 
for  controlling  or  preventing  the  slides  other  than  those 
already  mentioned,  it  may  be  well  to  state  what  was  at- 
tempted by  the  canal  forces  in  this  direction  prior  to  the 
occurrence  of  the  slides  which  are  now  active. 

During  the  e.xcavation  of  the  Cut  22  slides  and  breaks 
of  various  extent  occurred.  The  steps  taken  to  protect 
exposed  slopes  by  vegetation  has  been  noted.  It  was 
believed  that  piles  driven  through  the  loose  material  into 
firm  ground  below  and  tied  at  the  tops  might  check  the 
movement,  and  this  was  tried  at  four  of  the  slides,  but 
without  success.  In  some  instances  the  piles  were  car- 
ried bodily  down  the  slope;  in  others  the  underlying  ma- 
terial, moving  faster  than  the  upper  portion,  inclined  the 
piles  away  from  the  Cut,  and  in  cases  where  the  top  sur- 
face moved  faster  than  at  the  bottom,  they  inclined  in 
the  opposite  direction.  The  remains  of  these  piles  can 
be  seen  at  the  present  time  in  some  of  the  areas  so  treated. 
It  was  thought  that  in  case  of  clay  slides  heavy  riprap 
dumped  on  the  surface  would  find  its  way  through  the 
loosened  material  to  firm  ground  and  check  the  move- 
ment, but  this  method  was  found  as  useless  as  the  pil- 
ing. Most  of  the  riprap  rock  was  taken  out  at  the  foot 
of  the  slope  as  the  e.xcavation  proceeded.  Experiments 
were  made  by  concreting  the  face  of  the  prism  to  pre- 
vent the  disintegrating  effect  of  the  air  on  some  of  the 
softer  rocks;  this  was  done  by  use  of  a  cement  gun,  by 
lilastering  the  surface  with  cement  mortar  and  by  re- 
inforced concrete,  anchored  to  the  side  of  the  prism  with 
pieces  of  rail.  None  of  these  methods  was  satisfactory 
or  durable.  The  remnants  of  the  French  drains,  which 
proved  inadequate,  were  dug  out  at  the  bottom  of  the 
prism.  The  conclusion  was  reached  that  the  only  cure 
was  the  removal  of  all  loosened  material  as  it  came  into 
the  Cut,  and  in  case  of  breaks  to  relieve  the  weight,  where 
possible,  from  the  upper  parts  of  the  banks  by  steam  shov- 
els or  sluicing  operations. 

In  considering  any  method  for  stopping  the  slides  some 
conception  must  be  had  of  the  enormous  amount  of  ma- 
terial involved,  as  well  as  the  method  in  which  it  acts. 
The  banks  at  present  giving  trouble  are  from  300  ft.  to 
approximately  550  ft.  above  sea  level,  and  e.xtend  back 
1,300  to  1,800  ft.  from  the  faces  of  the  prism,  and  from 
these  farthest  points  to  the  water  surface  the  entire  mass 
is  broken  for  a  depth  extending  at  least  to  the  bottom 
of  the  canal.  The  movement  is  by  fits  and  starts,  sud- 
den at  first  and  gradually  subsiding,  with  renewed  ac- 
tivity after  a  period  of  quiescence.  For  instance,  in 
August,  1916,  a  general  movement  occurred  at  the  east 
Culebra  slide  and  consisted,  of  a  settlement  from  20  to 
25  ft.  vertically  down  at  the  rear  portion  of  the  area  af- 
fected, some  1,300  ft.  from  the  prism,  by  which  a  mass 
of  material  from  the  lower  part  was  projected  into  the 
Cut  beyond  the  center  line,  reducing  the  depth  of  water 
along  this  line  an  average  of  5  ft.  Because  of  the  width 
of  the  new  channel,  as  well  as  the  depth,  navigation  was 
not  interrupted,  but  some  idea  may  be  had  of  the  enor- 
mous amount  of  material  that  must  be  held  back  by  any 
artificial  construction  or  device  similar  to  those  which 
have  been  proposed,  and  the  impossibility  of  their  con- 
struction  must  be   recognized. 

Suggestions  most  frequently  made  have  been  along  the 
line  of  sowing  vegetation  and  of  properly  draining  the 
area.  These  have  already  been  considered.  To  sink  a 
number  of  pipes  and  apply  steam  for  drying  out  the  sub- 
soil would  be  prohibitive  on  the  score  of  expense,  even 
if  it  were  practicable.  It  would  be  impossible  to  drive 
and  hold  such  pipes  through  the  material  in  case  of  mo- 
tion. Pipes  sunk  for  the  purpose  of  pumping  out  the 
water  are  equally   impracticable   and   impossible.     From 
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the  experiments  conducted  by  Prof.  Warren  J.  Mead  and 
Mr.  MacDonald  all  the  water  could  not  be  extracted  by 
this  method.  Piling  the  entire  area  at  regular  intervals 
and  tying  the  piles  to  anchors  driven  in  the  firm  ground 
can  not  be  done,  nor  would  it  secure  the  result  anticipated 
by  the  proposers  of  this  scheme. 

The  construction  of  retaining  walls  would  require  the 
excavation  of  material  to  secure  the  foundations,  neces- 
sitating the  removal  of  all  the  material  in  motion,  when 
the  need  for  the  retaining  wall  would  no  longer  exist. 
There  is  no  form  of  construction  that  could  be  designed 
that  would  hold  back  the  superimposed  mass  while  the 
excavation  for  the  foundations  was  in  progress.  The 
construction  of  inverts  to  hold  down  the  bottom  of  the 
prism  is  impracticable  and  impossible. 

Wire  netting  rolled  over  the  bank  and  held  in  place 
by  stakes  would  not  prevent  the  movement,  but  would 
seriously  interfere  with  the  dredges  in  removing  the  ma- 
terial littered  up  with  sections  of  wire  mesh,  which  would 
break  loose  with  every  movement  of  the  slide.  Consol- 
idating the  mass  by  injecting  grout  would  also  be  im- 
possible; the  pipes  could  not  be  driven  to  firm  ground 
below  and  the  earth  and  rock,  as  it  now  comes  into  the 
Cut,  can  be  much  more  easily  handled  than  would  be  the 
case  were  this  material  solidified  by  cement. 

It  was  suggested  that  the  slopes  and  the  surface  of  the 
ground  adjacent  to  the  Cut  be  covered  with  asphalt,  tar, 
or  some  preparation  which  would  exclude  water  from  the 
ground.  This  was  also  proposed  by  a  member  of  the 
committee  from  the  National  Academy  of  Sciences.  That 
the  committee  did  not  include  it  among  its  recommenda- 
tions seems  conclusive  that  in  its  opinion  it  was  not  prac- 
ticable, and  no  further  comment  seems  necessary. 

The  methods  proposed  for  securing  a  channel  through 
the  slides  and  to  maintain  it,  adopted  in  October,  1915, 
were  laid  before  the  committee  of  the  National  Academy 
of  Sciences,  including  the  sluicing  operations  proposed 
on  the  west  side,  but  no  suggestions  were  made  which 
modified  the  plan  in  any  way.  The  various  propositions 
made  by  a  number  of  people  seeking  to  help  us  in  our 
troubles  were  carefully  considered,  as  were  also  the  the- 
ories advanced  setting  forth  the  probable  causes.  There 
were  a  number  of  letters,  the  writers  proposing,  for  suit- 
able monetary  consideration,  to  cure  the  slides,  but  these 
were  filed.  None  of  the  suggestions  or  theories  tended  in 
any  way  to  change  the  plans  adopted. 

The  dredges  did  their  work  so  well  that  a  channel  was 
cut  through  the  Isthmus  connecting  the  two  banks,  of 
sufficient  size  to  pass  the  small  ships  still  tied  up  and 
awaiting  transit.  By  April  15,  1916,  a  sufficiently  stable 
channel  had  been  secured  to  warrant  opening  the  canal 
to  navigation,  and  the  transit  of  shipping  has  continued 
to  date.  Except  at  "Gibraltar"  the  waterway  is  500  ft. 
wide  with  40-ft.  depth  over  the  greater  part,  this  depend- 
ing on  the  movements  that  occur  in  the  banks.  So  far 
as  the  Culebra  slides  are  concerned,  the  worst  is  over; 
the  intervals  between  movements  are  becoming  greater 
and  the  quantities  of  material  less;  the  only  danger  be- 
ing at  "Gibraltar,"  but  it  is  hoped  that  the  excavation 
continued  along  the  lines  contemplated  will  enable  the 
widening  of  this  section  to  the  adopted  prism  line  with- 
out interfering  in  any  way  with  the  transit  of  shipping. 
The  reopening  of  the  canal  was  at  the  beginning  of  the 
rainy  season,  and  thus  far  the  rainfall  has  been  above 
the  normal. 

The  recent  movement  at  Cucaracha  was,  as  usual,  the 
unexpected,  coming  as  it  did  from  the  high  ground  in  the 
northeast  corner  of  the  slide  area.  The  difficulty  attend- 
ing this  was  not  a  question  of  amount  of  material,  for 
the  dredges  could  cope  easily  with  the  movement  on  this 
score;  the  hard  flinty  rock  was  difficult  to  break  up,  and 
caused  irritating  and  aggravating  delays. 

As  predicted  at  the  time  the  great  Culebra  movements 
occurred,  the  slides  will  be  overcome  finally  and  for  all 
time,  notwithstanding  the  calamity  howlers  and  in  spite 
of  the  disastrous  predictions  of  the  "know-it-alls." 
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THE  WORK  OF  THE  COUNTY  SANITARY 
ENGINEER. 

In  1911  the  General  Assembly  of  Ohio  passed  an  act 
authorizing  boards  of  county  commissioners  to  provide 
for  the  construction  of  sewers  outside  of  municipalities. 
This  act  authorized  the  establishment  of  sewer  districts 
which  should  form  the  territorial  unit  for  sewer  benefits. 
In  1913  another  law  was  passed  superseding  the  one  of 
1911.  Lucas  County  up  to  the  present  has  been  the  only, 
county  to  take  advantage  of  the  act  and  create  a  Sanitary 
Engineering  Department.  The  work  of  the  department 
was  outlined  by  Mr.  L.  A.  Boulay,  sanitary  engineer  of 
the  county,  in  a  paper  read  at  the  August  conference  of 
Ohio  Health  Officers.  The  matter  that  follows  has  been 
taken  from  Mr.  Boulay's  paper. 

Some  provisions  of  the  1913  act  are  as  follows: 

A  sewer  district  is  established  by  resolution  of  the 
County  Commissioners,  and  may  be  any  part  of  the  county 
lying  within  three  miles  of  and  outside  of  any  incorpo- 
rated municipality. 

Each  district  "shall  be  designated  by  name  and  num- 
ber and  shall  consist  of  one  or  more  main,  district  or 
intercepting  sewers,  together  with  the  necessary  lateral 
or  connecting  sewers  and  treatment  works." 

The  Board  of  County  Commissioners  are  empowered 
also  to  "lay  out,  establish,  maintain  and  operate  a  sewer 
and  sewage  treatment  works  inside  or  outside  such  dis- 
trict for  the  purpose  of  conducting  sewage  from  such  dis- 
trict to  a  proper  outlet,  and  for  the  purpose  of  properly 
treating  such  sewage." 

These  sewer  districts  may  be  established  by  the  County 
Commissioners,  and  such  action  is  frequently  the  result  of 
complaints  of  nuisances,  filed  with  the  County  Sanitary 
Engineer,  or  by  petition  from  various  property  owners  in 
that  territory,  desiring  to  have  a  district  established. 

To  supervise  the  work  of  the  commissioners  they  are 
empowered  to  employ  a  competent  Sanitary  Engineer,  or 
in  a  county  having  a  population  exceeding  100,000,  to  cre- 
ate a  Sanitary  Engineering  Department.  (The  Act  of 
1911  only  authorized  the  employment  of  an  engineer  for 
such  time  as  was  necessarj'  to  prepare  plans  and  super- 
intend construction,  the  compensation  not  to  exceed  $10 
per  day.) 

After  the  establishment  of  a  district  the  Sanitary  Engi- 
neer makes  the  complete  topographic  survey  of  the  dis- 
trict and  determines  upon  some  general  plan  of  drainage, 
which,  when  completed,  is  reported  to  the  Board  of  County 
Commissioners  for  approval,  and,  if  approved  by  the 
board,  is  forwarded  to  the  State  Board  of  Health  at  Colum- 
bus, for  its  approval  of  the  general  plan  of  drainage  and 
general  method  of  disposal  of  the  sewage  collected. 

After  the  approval  by  the  State  Board  of  Health,  the 
commissioners  may  proceed  with  the  construction  of  any 
part  or  the  whole  of  the  proposed  system,  as  planned. 
They  may  proceed  of  their  own  volition  by  declaring,  by 
a  majority  vote,  the  necessity  of  the  sewer  or  sewage 
treatment  works  contemplated.  It  is  more  usual,  however, 
for  the  commissioners  to  take  this  action  as  the  result  of 
a  petition  by  a  majority  of  the  freeholders  of  the  acreage 
lying  within  the  territory  benefited  by  the  main  sewer,  or 
by  petition  of  the  majority  of  the  freeholders  of  the  front- 
age benefited  by  a  local  sewer,  or  bv  the  order  of  the 
State  Board  of  Health. 

When  the  assessment  is  confirmed  by  the  eommission- 
er.=  ,  it  becomes  final,  and  remains  in  the  office  of  the  com- 
missioners 30  days  for  the  purpose  of  receiving  cash  pay- 
ments on  it.  After  the  expiration  of  30  days,  the  board 
may  issue  bonds  for  any  unpaid  portion  of  said  assess- 
ment, after  which  it  may  enter  into  contract  for  the  con- 
struction of  the  impro%'ement  on  the  basis  of  competitive 
bids.  These  bids  must  be  advertised  for  in  a  newspaper 
of  general  circulation  in  the  county  for  not  less  than  two 
or  for  more  than  four  consecutive  weeks. 

Of  the  cost  of  the  improvement,  the  county's  share 
amounts  to  at  least  2  per  cent  of  the  total  cost  of  street 
intersections,  and  this  is  provided  for  in  the  annual  levy 
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made  up  by  the  budget  commissioners,  upon  estimates  fur- 
nished by  the  County  Sanitary  Engineer. 

To  summarize  very  briefly  the  work  of  the  Sanitary  En- 
gineering Department,  as  authorized  by  this  Act,  a  short 
list  of  the  duties  is  given  below: 

1.  The  preparation  of  preliminary  plans  for  the  drainage  of  a  dis- 
trict, or  the  treatment  of  sewage  collected. 

2.  The  preparation  of  detailed  plans,  specifications,  estimates  of 
cost  and  assessments  to  cover  the  property  share  of  an  improvement. 

3.  The  supervision  of  the  construction  and  recommendation  with 
regard  to  the  final  acceptance  of  the  work. 

4.  Subsequent  maintenance  or  operation  of  the  improvement. 

At  present  the  Lucas  County  Sanitary  Engineering  De- 
partment has  two  rooms  in  the  Court  House:  one  a  general 
office  and  one  a  drafting  room,  A  very  complete  labor- 
atory is  also  maintained. 

The  office  force  consists  of: 

1.  The  sanitary  ensineer-in-charge, 

2.  An  assistant  engineer. 

3.  Assistant  engineer  and  chemist. 

4.  A  chief  clerk. 

5.  A  stenographer, 

6.  A  draftsman. 

7.  A   transilman. 

8.  Two  rodmen. 

9.  Inspectors  as  construction  demands.     .\t   present  there  are  five. 

The  laboratory  has  a  complete  bacteriological  equip- 
ment, including  incubator,  autoclave  steam  sterilizer,  hot 
air  sterilizer,  microscope,  necessary  glassware,  etc.  It 
also  contains  all  apparatus  necessary  for  complete  chem- 
ical analysis  of  water  or  sewage  and  apparatus  for  gas 
and  air  analysis. 

For  the  past  six  months  the  cost  of  running  the  depart- 
ment has  been  on  an  average  of  $1,818.31  per  month,  di- 
vided into  $1,371.25  per  month  for  payroll  and  $447.06  per 
month  for  supplies,  water  rents  and  other  expenses. 

As  much  of  the  payroll  and  other  expenses  as  is  directly 
chargeable  to  any  special  sewer  job  is  charged  to  that  job, 
and  assessed  against  it,  so  that  it  has  only  cost  on  an 
average  of  $450  per  month  for  overhead  to  maintain  the 
department,  and  this  money  is  spread  on  the  general  tax 
of  the  county. 

Considering  the  large  amount  of  work  at  present  han- 
dled by  the  department  and  the  greater  amount  to  be  han- 
dled in  the  future,  it  is  nearly  self  sustaining. 

There  have  been  established  six  sewer  districts,  two 
of  which  have  been  combined  into  one.  The  territory  un- 
der the  control  of  this  department,  as  regards  sewers,  em- 
braces a  three-mile  strip  of  land,  entirely  surrounding  the 
city  of  Toledo,  and  containing  in  the  neighborhood  of 
35,000  acres.  This  is  a  larger  acreage  than  is  contained 
within  the  city  limits.  The  total  territory,  including 
Toledo  and  the  other  municipalities  in  the  county  is  175 
square  miles. 

Up  to  the  present  time,  approximately,  30  miles  of  sev^^- 
ers  have  been  built  or  are  under  construction,  the  cost  ap- 
proximating $200,000,  or  on  an  average  of  $6,600  per  mile. 
This  would  include  about  8.5  miles  in  West  Toledo  which 
has  since  been  annexed  to  the  city  of  Toledo. 

During  the  coming  twelve  months  sewer  work  to  the 
amount  of  $600,000  is  under  contemplation,  which  will 
include  new  districts  and  trunk  sewers  and  laterals  in 
existing  districts. 

The  month  following  the  establishment  of  the  depart- 
ment, the  commissioners  combined  with  the  office  of  Sani- 
tary Engineer  that  of  Inspector  of  Nuisances.  It  was  felt 
that  in  this  way  one  organization  would  suffice  for  the 
work  of  both  offices,  and  that  the  duties  of  these  two  of- 
fices were  so  closely  related  that  they  could  be  best  taken 
care  of  under  one  head. 

It  has  been  the  practice  of  the  department  to  make  in- 
vestigations and  analyses  of  well  water  upon  request  of 
the  owner  and  at  no  cost  to  him.  Up  to  the  present  time 
it  has  been  kept  very  busy  with  design  and  construction 
of  sewers,  and  it  has  been  impossible  with  the  present 
force  to  make  any  general  survey  of  the  wells,  except 
upon  request. 

Two  general  pollution  surveys  have  been  undertaken ; 
one  of  Sibley  preek  which  receives  considerable  domes- 
tic sewage  and  slaughter  house  wastes.  The  object  was 
to  study  the  effect  of  bloody  wastes  upon  a  small  stream. 
The  conclusions  reached  were  that  because  of  their  very 
high   putrescibility,   bloody  wastes  will   cause   a  greater 


nuisance  and  that  more  quickly  than  the  same  volume  of 
domestic  sewage.  Where  sewage  is  disposed  of  by  dilu- 
tion slaughter-house  wastes  should  be  first  treated,  unless 
the  diluting  volume  is  extremely  large,  and  even  here  local 
nuisances  may  very  easily  arise. 

The  other  investigation  dealt  with  the  water  supply  of 
Point  Place,  a  summer  colony  on  the  northwesterly  shore 
of  Maumee  Bay.  Point  Place  derives  all  of  its  water  sup- 
ply from  wells.  These  vary  from  deep  drilled  wells  to 
shallow  excavations  in  the  sand  with  the  familiar  kitchen 
pump  on  the  end  of  a  few. feet  of  pipe.  These  investiga- 
tions indicated  that  none  of  the  surface  wells  were  safe 
and  should  not  be  used.  Two  driven  wells  examined  were 
found  satisfactory.  Partly,  as  a  result  of  this  investiga- 
tion, a  bill  was  framed,  authorizing  the  Board  of  County 
Commissioners  to  construct,  maintain  and  operate  a  sys- 
tem of  water  supply  and  distribution.  This  bill,  un- 
fortunately, was  vetoed  by  the  governor.  Other  wells 
have  been  examined  in  Lucas  County, 


A  FORMULA  FOR  FINDING  THE  AREA  OF  A 
CIRCULAR  SEGMENT. 

Contributed  by  L,,    G.   Hall. 

While  on  a  piece  of  preliminary  survey  work  for  an  irri- 
gation project  some  time  ago,  the  writer  found  it  neces- 
sary to  compute  in  a  comparatively  short  time  the  areas  of 
a  large  number  of  circular  segments  of  varying  radii  and 
rises.  His  handbook  together  with  a  large  part  of  the 
equipment  had  been  lost  in  fording  a  stream,  so  he  set 
to  work  with  a  slide  rule  and  a  pad  and  pencil  to  devise 
a  simple  formula  for  the  purpose.  The  following  formula 
was  the  result: 


Hi]' 


Where  "D"  is  the  diameter  of  the  circle, 
"A"  is  the  area  of  the  reqiured  segment. 
"R"  is  the  rise  of  the  segment,     (All  in  the  same  units,) 
"x"  is  a  variable  exponent  whose  values  are  tabulated 
below. 

When  R  T>  approximates  0.0  "x"  equals  1.414 
When  R/T)  approximates  0.05  "x"  equals  1.41 
When  R/D  approximates  0.1  "x"  equals  1.39 
When  R'D  approximates  0.2  "x"  equals  1.36 
When  R/D  approximates  0.3  "x"  equals  1.345 
When  R/'D  appro\imates  0.35  "x"  equals  1.34 
■^'hen  R  D  approximates  0.4  "x"  equals  1.34 
When  K,  D  approximates  0.45  "x"  equals  1.34 
Wlien  R/D  approximates  0;'.     "x"  equals  1.35 

As  is  evident,  this  formula  holds  good  for  segments 
less  than  a  semicircle  only.  For  segments  greater  than 
a  semicircle,  the  smaller  segment  must  be  computed  and 
subtracted  from  the  area  of  the  circle. 

While  only  approximate,  this  formula  will  be  found  to 
give  results  with  errors  in  most  cases  much  less  than  1 
per  cent,  which  is  well  within  the  degree  of  accuracy  of 
hydraulic  coefficients,  and  will  serve  for  practical  pur- 
poses in  many  other  kinds  of  work.  Where  great  ac- 
curacy is  required,  value  of  "x"  may  be  interpolated  be- 
tween those  given  in  the  table.  The  formula  has  the  ad- 
vantage that  it  does  away  with  the  tiresome  process  of 
figuring  the  subtended  angle,  taking  the  area  of  the  sector, 
and  subtracting  that  of  the  triangle.  While  many  men 
have  a  prejudice  against  fractional  exponents,  handling 
them  is  very  simple,  depending  only  on  the  rule  that  the 
log  of  the  power  is  equal  to  the  log  of  the  original  num- 
ber times  the  exponent  of  the  power.  The  writer  has  fre- 
quently solved  cases  with  this  formula  in  less  than  a  min- 
ute of  time  with  no  aid  ether  than  an  ordinary  slide  rule. 
He  believes  that  it  will  be  a  useful  addition  to  the  note- 
book of  an  engineer. 


The  annual  receipts  of  Philadelphia,  Pa.,  from  water 
rents  are  in  e.xcess  of  $5,000,000,  in  addition  to  free  serv- 
ice rendered  other  municipal  or  charitable  activities  of 
a  value  at  present  rates  of  about  $500,000.  Operation  and 
maintenance  costs  are  about  $2,000,000  per  year.  Interest 
and  sinking  fund  charges  on  outstanding  bonds  charge- 
able to  the  Water  Bureau  amount  to  about  $2,000,000 
annually. 
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CONSTRUCTION     OF     CONCRETE     RESERVOIRS 
WITHOUT  THE  USE  OF  FORMS. 

A  concrete  reservoir  con.structed  without  the  use  of 
forms  was  completed  recently  at  Elmhurst,  111.  The 
reservoir  was  built  by  means  of  a  cement  gun  by  a  method 
developed  by  the  Dewey  Cement  Gun  Co.  of  Chicago  and 
Harry  L.  Emerson,  Consulting  Engineer,  Chicago.  The 
accompanying  illustrations  show  various  stages  of  the 
work. 

A  light  structural  steel  frame  of  angles  and  bars,  with 
the  required  amount  of  spiraled  reinforcing  bars,  with 
hooked  ends  securely  fastened  to  the  frame  was  erected. 
Over  this  reinforcement  was  placed  a  heavy  triangular 
wire  mesh.     This  serves  as  an  additional  reinforcement, 


RESULTS  OF  A  PITOMETER  SURVEY. 

The  results  of  a  pitometer  survey  at  Auburn,  N.  Y.,  are 
described  as  follows  by  J.  Walter  Ackerman,  Chief  En- 
gineer and  Superintendent  of  Water  Works,  in  the  last 
annual  report  of  the  Water  Board. 

On  May  25,  1915,  the  Board  accepted  a  proposal  for  a 
pitometer  survey  of  the  distribution  .sy.stem  of  the  city, 
and  a  test  for  slip  of  the  pumps.  The  survey  was  con- 
tracted for  the  sum  of  $3,000,  with  a  guarantee  to  save 
sufficient  water  to  pay  for  this  amount,  based  on  a  cost 
of  3  ct.  per  1,000  gal.,  e.xtending  over  a  period  of  one  year; 
and  it  also  included  a  check  of  the  register  of  the  large 
meters  in  the  system.     This  contract  indicated  that  not 


but  its  chief  purpose  is  to  hold  the  concrete  in  place  while 
setting.  When  the  entire  frame,  reinforcing  and  wire 
had  been  erected  heavy  canvas  ducking  was  stretched 
over  the  outside  of  the  frame,  and  upon  this,  from  the  in- 
terior, about  I'l;  in.  to  2  in.  of  one  part  cement  to  three 
parts  clean  coarse  sand  and  fine  gravel  were  applied  by  ce- 
ment gun. 

When  this  coating  had  set  a  short  time  the  canvas  was 
removed  and  additional  layers  of  dense  concrete  were  ap- 
plied from  the  exterior  and  the  interior  and  in  this  man- 
ner the  walls  were  built  up  to  the  desired  thickness.  The 
roof  and  cover  were  constructed  in  the  same  manner.  On 
reservoirs  about  20  ft.  x  30  ft.  the  walls  are  made  6  in. 
in  thickness  and  roof  3  in. 

The  first  reservoir  of  this  type  was  constructed  at  Gary, 
111.,  in  1912. 


EXPEDIENT     FOR    LESSENING     VELOCITY     OF 
FLOW  IN  STEEP  GRADE  SEWERS. 

An  interesting  expedient  was  adopted  to  lessen  the  ve- 
locity of  flow  in  steep  grade  sewers  now-  under  construc- 
tion at  Copperhill,  Tenn.  The  grades  are  as  steep  as  24 
per  cent.  Where  the  excavation  was  practically  all  rock, 
the  expense  of  breaking  the  sewer  into  short  sections, 
with  drop-manholes,  was  so  great  that  the  consulting  en- 
gineer, Mr.  Walter  G.  Kirkpatrick,  adopted  the  expedient 
of  laying  the  joints  of  pipe  zigzag  in  the  grade  plane.  In 
laying  the  pipe,  the  first  hub  is  turned  as  far  to  the  right 
as  practicable,  and  yet  get  tight  joint;  the  next  joint  is 
turned  similarly  to  the  left,  and  the  next  to  the  right,  and 
so  on,  giving  the  pipe  a  slightly  zigzag  course,  which  is 
expected  to  check  the  velocity  of  flow. 


less  than  274,000  gal.  of  leakage  daily  would  be  found 
and  stopped.  A  comparison  of  the  pumping  data  from 
March  7  to  July  11  (the  date  when  the  first  leaks  were 
stopped),  showed  an  average  Sunday  pumping  record  of 
6,228,000  gal.,  while  on  Sunday,  Sept.  25,  it  amounted  to 
only  5,410,000  gal.,  a  saving  at  that  time  of  over  800,000 
gal.  daily,  or  three  times  the  amount  of  the  guarantee. 
Another  method  of  testing  the  saving  was  a  comparison 
of  pumpage  during  the  night  shift  from  12  o'clock  mid- 
night, to  8  a.  m.,  Sunday.  The  average  pumpage  on  this 
shift  from  March  7  to  -July  11  was  1,857,000  gal.;  and  on 
Sept.  25  this  pumpage  amounted  to  only  1,452,000  gal.,  a 
reduction  for  eight  hours  of  407,000  gal.  This  amount  for 
the  entire  24  hours  would  represent  a  saving  of  1,221,000 
gal.  Subsequent  records  taken  during  the  year  1915  show 
this  computation  to  be  well  authenticated.  The  total  ex- 
pense of  this  survey,  including  installation  of  the  31  cor- 
poration cock  gaging  points  with  permanent  cast  iron 
street  boxes,  and  such  other  connections  as  were  neces- 
sary for  testing  meters,  pumps  and  transmission  lines, 
etc.,  together  with  the  house  to  house  inspections  and 
examinations  and  repairs  to  leaks,  etc.,  amounted  to 
$4,370. 

The  test  for  slippage  on  the  10,000,000-gal.  R.  D.  Wood 
pump  (in  service  since  1902)  was  shown  to  be  4.22  per 
cent;  for  the  Holley  Gaskell,  equipped  with  Hill  valves, 
the  slippage  was  shown  to  be  5.56  per  cent,  and  the  10,- 
000,000  Snow  pump  at  the  Upper  Station,  installed  in  1895, 
showed  an  average  slip  of  5.76  per  cent.  The  transmis- 
sion main  between  the  two  stations,  8.725  ft.  in  length, 
showed  a  discrepancy  of  only  1.13  per  cent,  but  this  was 
negative. 
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TRAVELING  WATER  SCREEN. 


Most  industrial  plants  draw  their  water  supply  from 
lakes  or  rivers  which  are  more  or  less  contaminated  with 
debris  and  refuse.  Pumps  and  condensers  are  naturally 
sensitive  to  these  materials,  and  as  a  consequence  vari- 
ous methods  have  been  developed  for  eliminating  this  kind 
of  trouble.  An  effective  arrangement  for  removing  the 
solid  matter  from  pumped  water  is  shown  in  the  accom- 
panying illustration. 

This  is  known  as  the  Chain  Belt  traveling  water  screen. 
Essentially,  it  consists  of  a  screening  surface  which  may 
be  either  bars  or  racks  or  wire  cloth.  This  screening  sur- 
face is  so  mounted  that  it  travels  upward  and  out  of  the 
water.  In  order  that  this  operation  may  be  continuous 
the  screening  surface  is  made  endless  so  that  as  it  passes 
up  and  out  of  the  water  it  turns  over  wheels  and  descends 
into  the  water  back  of  its  ascending  path.  A  clearer  idea 
of  the  operation  of  this  screening  surface  may  be  gained 
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handle  their  sewage.  The  first  plant  visited  was  the  En- 
trenchment Creek  Plant,  locatfed  about  si.x  miles  south- 
east from  the  City  Hall.  This  plant  was  completed  June 
6,  1914,  and  was  designed  for  a  population  of  .50,000.  It 
receives  the  trade  wastes  from  the  cotton  manufactories 
which  are  cottolene,  oils  and  dyes.  Entrenchment  Creek 
flows  about  4^2  miles  to  South  River,  and  during  dry 
weather  flow  the  dilution  with  the  effluent  from  the  dis- 
posal plant  is  1  to  2.  (Attendants,  one  foreman,  two  day 
laborers  and  one  night  watchman.) 

Proctor  Creek  disposal  plant,  the  second  one  inspected, 
was  placed  in  operation  on  Aug.  8,  1912,  and  designed  for 
a  population  of  30,000.  It  is  situated  on  Proctor  Creek,  a 
distance  of  four  miles  northwest  from  the  City  Hall.  The 
trade  wastes  handled  by  this  plant  are  iron,  gas  manufac- 
turing wastes  and  calcium  oxide  from  the  Prestolite  Gas 
Co.  Proctor  Creek  flows  about  five  miles  from  plant  to 
the  Chattahoochee  River,  and  its  dry  weather  flow  dilu- 


Flg.    1  —  Transverse    Section    Through    Screen 

House    of    the    Northwest    Station    of    the 

Commonwealth    Edison    Co.,    Chicago. 


Fig.  2 — Single  Unit  of  Screen. 


Fig.     3 — Cutaway     View     of    Chain     Belt    Traveling 

Water    Screens    at    Deiray    Piant    of    Edison 

liluminating    Co.,     Detroit,    Mich. 


by  referring  to  the  photograph  of  the  single  unit  shown  as 
Fig.  2.  The  underlying  idea  of  these  screens  is  e.xceed- 
ingly  simple.  Their  practical  application,  however,  rep- 
resents a  period  of  development  both  as  to  their  mechan- 
ical design  and  proper  application  extending  over  a  period 
of  several  years. 

Actual  installations  of  this  machine  are  shown  in  the 
illustrations.  Fig.  1  shows  the  installation  at  the  North- 
west Station  of  the  Commonwealth  Edison  Co.,  Chicago, 
111.  The  screen  shown  in  Fig.  2  was  installed  at  the  plant 
of  Morgan  &  Wright  at  Detroit,  Mich.  Fig.  3  is  a  cutaway 
view  of  seven  traveling  screens  installed  at  the  Deiray 
plant  of  the  Edison  Illuminating  Co.,  Detroit,  Mich.  Sev- 
eral machines  likewise  have  been  located  in  plants  along 
the  Ohio,  Mississippi  and  Missouri  rivers  where  the  vari- 
ation in  water  levels  is  exceedingly  great.  These  travel- 
ing screens  also  are  used  in  connection  with  municipal 
water  supplies.  This  screen  is  manufactured  by  the 
Chain  Belt  Co.,  Milwaukee,  Wis. 


SEWAGE  DISPOSAL  METHODS  OF  16  CITIES. 

During  May  and  .Tune  of  this  year  Mr.  T.  D.  Allin,  Com- 
missioner of  Public  Works  and  R.  V.  Orbison,  City  Engi- 
neer, of  Pasadena,  Cal.,  made  an  ilispection  trip  to  the 
sewage  disposal  plants  in  various  cities.  The  investiga- 
tion was  made  for  the  cities  of  Pasadena,  South  Pasadena 
and  Alhambra,  which  are  contemplating  the  installation 
of  a  joint  disposal  system.  In  a  report  issued  recently 
Messrs.  Orbison  and  Allin  summarize  the  methods  em- 
ployed by  a  number  of  the  cities  visited  by  them. 

Atlanta,  Ga. — The  topography  of  Atlanta  is  such  that 
it  was   necessary  to   construct   three   disposal   plants   to 


tion  with  the  disposal  plant  is  about  1  to  1.  This  plant 
also  takes  care  of  the  night  soil  from  30,000  people,  mak- 
ing the  sewage  very  strong.  (Attendants,  one  foreman, 
one  day  laborer  and  one  night  watchman.) 

Peachtree  Creek  Disposal  Plant,  the  third  and  last 
one  we  visited,  is  situated  on  Peachtree  Creek,  about  five 
miles  northerly  from,  the  City  Hall,  and  was  designed  for 
a  population  of  80,000.  It  was  constructed  Sept.  8,  1913, 
and  is  identical  with  the  other  two  plants,  consisting  of 
Imhoff  tanks,  sprinkling  filters  and  sludge  beds.  The  ef- 
fluent discharging  into  Peachtree  Creek  has  a  dilution 
during  dry  weather  of  1  to  5,  and  from  this  point  the 
Creek  flows  about  five  miles  to  the  Chattahoochee  River. 
It  handles  practically  no  trade  wastes,  only  iron  from  the 
iron  works,  which  has  stained  the  filter  material  an  iron 
color.  This  plant  receives  8,000,000  gal.  of  sewage  daily 
through  the  Imhoff  tanks,  but  only  one-half  passes  over 
the  sprinkling  filters.  The  attendants  at  this  plant  are 
one  chemist,  one  assistant  chemist,  three  day  laborers 
and  one  night  watchman.  All  of  the  control  work  of  the 
three  plants  is  done  at  the  laboratory  located  at  this  plant, 
where  Mr.  Chas.  C.  Hommon,  the  chemist,  is  located.  His 
home  is  only  a  few  yards  from  the  plant.  All  of  the  dis- 
posal plants  are  working  fine  and  are  not  creating  any 
nuisances. 

Baltimore,  Md. — Baltimore's  disposal  plant  consists  of 
Imhoff,  hydrolytic  and  sludge  digesting  tanks,  screens, 
sprinkling  filters,  secondary  tanks  and  sludge  beds.  This 
plant  is  treating  about  35,000,000  gal.  of  sewage  daily.  A 
portion  of  this  plant  was  placed  in  operation  during  1911. 
This  did  not  include  any  Imhoff  tanks.  In  August,  1915, 
28  circular  Imhoff  tanks,  radial  flow,  were  placed  in  op- 
eration.    (One  of  these  tanks  was  converted  into  an  aerat- 
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ing  tank  with  a  continuous  flow  and  continuous  aeration.) 
After  the  effluent  leaves  the  tanks  it  passes  through  cylin- 
drical screens  12  ft.  diameter  by  11  ft.  length,  using  monel 
metal  screens  24-in.  mesh.  These  screens  are  made  at 
the  plant  and  are  more  durable  and  cheaper  than  those 
originally  purchased.  Thirty  acres  of  sprinkling  filters 
are  in  use,  using  6,000  Merritt  and  Taylor  square  nozzles 
spaced  15  ft.  by  15  ft.  The  beds  range  in  depth  from  8 
ft.  at  upper  end  to  9  ft.  at  lower  end.  After  the  sprinkling 
filter  eflluent  has  passed  through  the  secondary  tanks,  it 
is  passed  through  a  power  house,  developing  200  K.  W. 
Later  on  they  expect  to  develop  200  hp.  It  is  estimated 
that  1,785  lb.  of  sludge  at  60  per  cent  moisture  is  ob- 
tained from  every  cubic  yard  of  wet  sludge.  This  sludge 
has  been  contracted  for  at  81  ct.  per  ton  of  10  per  cent 
moisture,  the  city  delivering  the  sludge  to  a  drying  house 
erected  at  the  plant  by  a  company  which  reduces  the 
moisture  content  from  60  to  10  per  cent  at  their  own  ex- 
pense. The  city  owns  450  acres  at  the  disposal  plant,  sit- 
uated on  the  west  bank  of  the  Black  River,  about  six  miles 
southeast  from  the  City  Hall. 

The  Imhoff  tanks  were  not  working  in,  a  satisfactory 
manner,  in  fact  part  of  them  were  not  in  operation,  due  to 
their  bad  condition,  probably  caused  by  overloading  be- 
fore having  been  developed  to  their  maximum  capacities. 
The  sprinkling  filters  were  giving  fine  results  and  no 
nuisance.  At  the  sewage  pumping  station  the  screenings 
from  coarse  bar  screen  amount  to  6  cu.  ft.  per  1,000,000 
gal.  of  sewage  treated,  at  50  per  cent  moisture,  using  a 
press  manufactured  by  the  Coflin  Mfg.  Co.  of  Boston.  The 
city  is  about  50  per  cent  sewered. 

Philadelphia,  Pa. — Most  of  the  sewage  of  Philadelphia 
is  being  discharged  into  the  water  courses.  The  remain- 
der is  treated  at  the  disposal  works  located  on  Pennypack 
Creek,  a  short  distance  from  its  entrance  into  the  Dela- 
ware River.  This  disposal  plant,  built  in  1912,  was  de- 
signed for  a  population  of  10,000,  although  only  serving  a 
population  of  5,000,  treating  about  1,250,000  gal.  of  sew- 
age daily.  The  plant  consists  of  screens,  grit  chamber, 
Imhoff  tanks,  sprinkling  filters,  secondary  tank  and  sludge 
bed.  The  final  effluent  is  given  a  hypochlorite  treatment 
for  further  purification,  15  lb.  of  lime  per  24  hours  is 
used  to  correct  the  acid  in  the  sewage.  The  sprinkling 
filter  bed  contains  one  acre  of  5  units — 6  ft.  in  depth  of  1 
to  3  in.  trap  rock.  Taylor  square  nozzles  spaced  10.8  ft. 
are  used.  The  sewage  is  fresh  when  it  reaches  the  dis- 
posal plant  and  the  results  of  the  plant  are  highly  satis- 
factory. The  grounds  around  the  plant  are  being  im- 
proved. 

Plainfield,  N.  J. — Plainfield,  with  a  population  of  20,- 
000,  is  at  present  constructing  a  modern  purification  plant, 
consisting  of  Imhoff  tanks,  sprinkling  filters,  secondary 
tank-s  and  sludge  beds.  The  Imhoff  tanks  are  designed 
for  a  population  of  40,000,  or  4,000,000  gal.  daily  flow. 
One  and  three-quarter  acres  of  sprinkling  filter  beds  6 
ft.  deep  will  treat  the  Imhoff  effluent.  The  former  method 
of  handling  the  sewage  was  through  screens,  septic  tanks, 
contact  beds  and  sludge  beds.  This  method  was  not  sat- 
isfactory and  the  new  plant  was  designed  and  is  now  be- 
ing constructed  to  remedy  this. 

Fitchburg,  Mass. — Fitchburg,  with  a  population  of  44,- 
000,  has  an  average  daily  flow  of  3,500,000  gal.  and  a  dry 
weather  flow  of  about  2,500,000  gal.  This  city  has  a  mod- 
ern and  successfully  operated  plant,  consisting  of  grit 
chambers,  rectangular  Imhoff  tanks,  dosing  tanks  and 
two  acres  of  sprinkling  filter  beds  in  one  enclosure,  with 
16  separate  feeding  pipes  so  arranged  as  to  cut  out  about 
8-ft.  portions  of  the  beds  at  a  time.  This  bed  is  10  ft. 
deep  with  the  lateral  distributors  near  the  surface,  using 
the  Worcester  nozzle.  Following  the  sprinkling  filter 
beds  are  secondary  Imhoff  tanks,  circular  with  a  radial 
flow.  The  sludge  from  the  secondary  tanks  is  pumped 
back  to  the  preliminary  Imhoff  tanks,  while  the  prelimi- 
nary tank  sludge  is  lifted  into  the  drying  beds  just  above 
the  tanks.  The  dosing  tanks  are  two  in  number  with  a 
capacity  of  45,000  gal.  each  operated  by  siphons  under 
a  head  of  from  8  to  3  ft,  5^  o-minute  discharge  and  with  a 
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3,000,000-gal.  flow  has  a  cycle  of  36  minutes.  Fitchburg 
has  a  combined  system  with  a  grit  chamber  in  town.  It 
costs  about  $2  per  cubic  yard  to  clean  this  chamber.  The 
time  between  the  center  of  the  city  and  the  effluent  from 
the  secondary  tanks  is  between  6  and  7  hours.  Dilution 
into  stream  is  about  2  to  1,  except  in  summer,  when  the 
creek  is  practically  dry.  The  city  owns  120  acres,  but 
is  not  using  all  of  it  at  present.  The  sludge  is  used  for 
filling  in  low  ground  and  does  not  bring  a  revenue.  The 
grounds  are  being  beautified  by  planting  grass,  orna- 
mental shade  trees  and  flowers.  The  attendants  consist 
of  a  chemist,  assistant  chemist  and  three  laborers. 

Brockton,  Mass. — This  city  has  a  population  of  63,000, 
is  about  85  per  cent  sewered  and  has  an  average  daily 
sewage  flow  of  2,250,000  gal.  with  a  separate  system. 
Trade  wastes  are  from  the  tanneries  and  shoe  factories. 
The  sewage  is  run  through  coarse  screens  and  then 
through  a  Wiend  screen  and  then  pumped  about  three 
miles  to  the  purification  works,  consisting  of  sprinkling 
filters,  secondary  tank  and  sand  filters.  The  cost  of  op- 
eration at  the  pumping  plant  and  screens  is  $30,000  a 
year,  and  at  the  disposal  works  $10,000  per  year.  The 
screenings  from  the  Wiend  screen  are  collected  in  bags 
and  are  de-watered  by  the  centrifugal  process,  requiring 
about  four  minutes.  The  screenings  amount  to  5,000  lb. 
daily.  The  sewage  is  septic  when  it  reaches  the  pumps. 
These  pumps  have  been  in  service  for  22  years.  Sprinkling 
filter  beds  one-half  acre,  average  depth  6',2  ft.,  under- 
drained  with  half  tile,  distributing  laterals  spaced  14  ft., 
and  risers  12i'2  ft.  staggered,  using  Merritt  and  Taylor 
nozzles.  Sewage  applied  at  the  rate  of  900,000  gal.  per 
day.  Sprinkling  filter  bed  operated  with  butterfly  valves. 
Plain  secondary  tank,  dimensions  100  ft.  by  50  ft.,  4^2  ft. 
deep. 

There  is  in  operation  at  the  purification  works,  an  ac- 
tivated sludge  testing  tank  which  Prof.  Robert  Spur  Wes- 
ton of  Boston  is  experimenting  with  as  a  clarifier  only. 
This  tank  is  10x10  ft.  by  8  ft.  deep,  using  16  12xl2-in. 
filtros  plates.  Air  is  used  at  the  rate  of  1.8  cu.  ft.  per 
gallon  of  sewage  treated  minimum  to  2.25  cu.  ft.  maxi- 
mum, with  25  per  cent  sludge.  Results  from  the  tests  are 
highly   satisfactory. 

Worcester,  Mass. — Population  170,000,  with  a  com- 
bined system.  The  average  daily  flow  is  about  100  gal. 
per  capita.  The  city  disposes  of  its  sewage  by  chemical 
precipitation,  septic  tanks  and  72.6  acres  of  sand  filters. 
The  sludge  is  pressed  and  hauled  out  to  a  dump  where 
farmers  haul  away  all  they  want.  The  balance  is  used 
for  filling  in  low  ground.  Owing  to  the  growth  of  Wor- 
cester and  the  increased  cost  of  sand  filters,  this  city  will 
have  to  adopt  other  methods  for  the  purification  of  its 
sewage,  and  with  this  in  view  experiments  have  been 
made  with  Imhoff  tanks  and  sprinkling  filters,  and  it  is 
their  intention  to  try  out  the  activated  sludge  process  in 
the  near  future. 

Rochester,  N.  Y. — In  1915  there  was  constructed  and 
placed  in  operation  a  disposal  plant  to  handle  the  sew- 
age from  the  Brighton  District.  This  plant  consists  of 
screen  and  grit  chambers,  Imhoff  tanks,  sprinkling  fil- 
ters, secondary  tanks  and  sludge  beds.  Before  the 
screened  sewage  enters  the  Imhoff  tanks,  it  is  passed 
through  Pelton  wheels  (with  a  head  of  69  ft.)  and  is  ca- 
pable of  developing  6  hp.  for  each  sec.  ft.  of  sewage. 
Each  wheel  is  belted  to  a  10  k.  w.  d.  c.  generator,  and  the 
resultant  power  is  used  to  light  the  plant  and  run  the 
cranes. 

The  Imhoff  tanks  have  a  sludge  capacity  of  1.84  cu.  ft. 
per  capita  for  four  months.  The  screens  and  grit  cham- 
bers are  designed  for  a  population  of  25,000  and  the  bal- 
ance of  the  plant  for  10,000.  The  average  daily  flow  of 
domestic  sewage  is  estimated  at  100  gal.  per  capita,  with 
an  infiltration  as  high  as  300  gal.  per  capita  daily. 

Rochester  is  now  constructing  a  disposal  works  con- 
sisting of  grit  chambers,  Riensch  Wurl  screens,  Imhoff 
tanks  and  sludge  beds,  which  will  serve  that  portion  of 
the  city  not  included  in  the  Brighton  District.  This  plant 
is  designed  for  a  population  of  430,000  and  will  have  a 
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capacity  of  55,500.000  gal.  daily  with  a  combined  system. 
The  effluent  will  be  discharged  into  Lake  Ontario. 

Batavia,  N.  Y.— This  city  has  a  population  of  13,000 
and  an  average  daily  flow  of  sewage  of  2,000.000  gal.  The 
plant  consists  of  Imhoflf  tanks,  sprinkling  filter  and  sludge 
beds.  The  filter  area  is  one-quarter  of  an  acre,  and  is 
being  dosed  at  the  rate  of  8,000,000  gal.  per  acre.  The  re- 
suits  are  highly  satisfactory,  even  though  the  filter  bed 
is  overloaded. 

The  sludge  has  been  used  to  fill  in  the  low  land  around 
the  plant  and  the  superintendent's  home  (which  is  only 
40  ft.  from  the  sludge  beds),  and  the  superintendent 
stated  that  neither  he  nor  his  family,  consisting  of  wife 
and  four  healthy  children,  have  ever  been  bothered  with 
odors  from  the  plant. 

Cleveland,  O. — Cleveland's  sewage  at  present  is  simply 
screened  and  the  effluent  discharged  into  Lake  Erie.  They 
have,  however,  an  activated  sludge  testing  plant  designed 
to  handle  750,000  gal.  of  sewage  daily.  This  plant  com- 
plete cost  about  $15,000  and  is  of  sufficient  size  to  en- 
able them  to  work  out  their  problems  on  a  large  scale. 

Canton,  O. — This  city  has  a  population  of  60,000,  and 
is  entirely  sewered.  They  have  a  combined  system  with 
a  daily  flow  of  2,500,000  to  5,500,000  gal.,  with  a  maximum 
of  6,000,000  gal.  The  sewage  flows  6  or  7  miles  through 
a  segment  block  sewer  to  the  purification  works,  consist- 
ing of  coarse  bar  screens,  grit  chamber,  Imhoff  tanks, 
contact  beds  and  sludge  beds.  The  Imhoflf  tanks  are  rec- 
tangular, two  in  number,  and  each  tank  has  three  units 
of  three  compartments  designed  for  a  future  population 
of  120,000.  The  contact  beds  contain  7.23  acres,  6  ft.  in 
depth,  using  crushed  slag  and  washed  gravel  for  the  filter 
material.  The  sludge  beds  are  in  two  units  of  three  sec- 
tions each,  one  unit  being  covered  with  a  glass  house  to 
facilitate  the  drying  of  sludge  during  rainy  weather.  The 
disposal  works  cost  $260,000  and  the  outfall  sewer  cost 
$200,000. 

Columbus,  O. — In  1908,  Columbus  constructed  a  dis- 
posal plant  consisting  of  screens,  septic  tanks,  sprinkling 
filters  and  final  settling  basins.  This  plant  was  designed 
for  a  population  of  200,000  and  a  daily  dry  weather  flow 
of  20,000.000  gal.  Today,  with  a  population  of  about  225,- 
000,  they  are  remodeling  the  septic  tanks  into  Imhoff 
tanks  and  adding  sludge  beds.  Ten  acres  of  sprinkling 
filter  beds  are  now  in  use. 

Mount  Vernon,  O.— Population,  10.000.  The  sewage 
from  this  city  is  passed  through  coarse  bar  screens,  then 
through  Imhoff  tanks  and  the  effluent  turned  into  Owl 
Creek  without  further  treatment.  Dilution  in  the  creek 
at  extreme  low  water  is  about  1  to  20.  The  Imhoff  tanks 
are  rectangular,  30x80x27  ft.  deep.  The  sludge  bed  has 
a  capacity  of  562.5  sq.  ft.  per  1.000  inhabitants.  The  dis- 
posal works  are  about  one  mile  from  the  business  center, 
and  Gambier  St.,  which  is  now  being  paved  with  brick  is 
within  14  mile  of  the  plant. 

Chicago,  111. — The  sanitary  district  of  Chicago  is  ex- 
perimenting with  activated  sludge  on  the  packing-house 
sewage,  and  they  are  getting  very  satisfactory  results, 
although  the  quantity  of  air  that  is  being  used  per  gallon 
of  sewage  treated  is  rather  high  when  compared  with 
that  of  other  cities.  On  the  other  hand,  the  stockyard 
sewage  is  more  difficult  to  handle  than  any  other  sewage 
known,  unless  it  be  sewage  containing  tannery  wastes. 
The  fill  and  draw  method  was  started  in  January  with 
20  per  cent  sludge,  and  shortly  afterwards  changed  to 
the  continuous  flow  process,  using  from  5  to  6  cu.  ft.  of 
air  per  gallon  of  sewage  treated.  This  tank  has  a  capacity 
between  30,000  and  100,000  gal.  daily.  Armour  &  Co.  are 
operating  an  activated  sludge  testing  plant.  The  results 
obtained  are  very  gratifying  and  it  is  very  probable  that 
this  process  will  be  used  to  purify  all  of  their  sewage. 

Milwaukee,  Wis. — After  conducting  numerous  experi- 
ments, Milwaukee  has  constructed  and  put  into  operation 
an  activated  sludge  plant  designed  to  handle  2.000.000 
gal.  of  sewage  daily.  At  present  they  are  only  treating 
1.200,000  gal.  per  day,  using  25  per  cent  activated  sludge, 
four  hours'  aeration,  a  settling  period  of  about  40  min- 
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utes  and  0.25  cu.  ft.  of  air  per  minute  per  square  foot 
of  tank  surface,  or  1.77  cu.  ft.  of  air  per  gallon  of  sew- 
age treated  with  the  air  at  4  lb.  pressure.  This  gave  an 
effluent  containing  no  suspended  solids,  stable  after  5 
days  and  a  bacteria  reduction  of  over  98  per  cent.  The 
remarkable  features  of  Milwaukee's  plant  are  the  total 
absence  of  odors  and  the  high  degree  of  purification  at  a 
reasonable  cost. 

Mason  City,  Iowa. — This  city  has  a  population  of  20,- 
000  and  a  daily  average  sewage  flow  of  600,000  gal.,  or 
30  gal.  per  capita  per  day.  The  purification  plant  de- 
signed and  under  construction  to  handle  the  sewage  con- 
sists of  Imhoff  tanks,  sprinkling  filters,  secondary  tanks 
and  sludge  beds.  This  plant  is  designed  for  1,000,000  gal. 
sewage  daily.  The  Imhoff  and  secondary  tanks  are  rec- 
tangular. The  filter  bed  contains  one  acre,  8  ft.  deep, 
using  the  Taylor  square  nozzle  spaced  11  ft.  Both  the 
tanks  and  filter  bed  are  roofed  with  steel  roofing,  using 
pebble  dash  finish  with  white  Madusa  cement.  Sludge 
bed  capacity  is  270  sq.  ft.  per  1,000  inhabitants.  The  total 
cost  of  the  plant  will  be  $140,000,  or  in  terms  of  the  pres- 
ent population,  $7,000  per  1,000  inhabitants. 


THE  MILL  CREEK  IMPROVEMENT  PROJECT, 
ERIE,   PA. 

Bids  will  be  opened  next  week  for  the  construction  of 
the  largest  flood  prevention  project  that  has  come  up 
for  letting  this  year.  The  work  calls  for  the  building  of  a 
2-mile  reinforced  concrete  tube  for  carrying  the  waters 
of  Mill  Creek  through  the  city  of  Erie,  Pa.  This  tube 
will  extend  from  Presque  Isle  Bay  to  the  city  limits  and 
for  the  greater  portion  of  its  length  will  follow  the  pres- 
ent channel  of  the  creek.  At  various  sections,  however, 
the  new  location  leaves  the  old  creek  channel  in  order  to 
secure  better  alignment. 

The  tube  will  be  22  ft.  horizontal  diameter  and  18  ft. 
vertical  diameter  and  will  be  constructed  by  the  cut  and 
fill  method.  It  will  be  of  uniform  internal  dimensions 
from  the  outlet  to  the  inlet,  about  12,000  ft.,  except  for 


Fig.  1 — Typical   Section   of  Tube. 

Street  transition  sections  at  the  ends.  It  will  be  laid  on  a 
grade  ranging  from  1  per  cent  to  1.4  per  cent  and  will  rest 
for  its  entire  length  on  rock  foundation.  A  cross  section 
of  this  tube  is  shown  in  Fig.  1. 

The  intake  will  be  about  1,000  ft.  in  length  and  will  con- 
sist of  diverging  sloping  retaining  walls  and  earthen  em- 
bankments. Fig.  2  shows  a  cross  section.  The  outlet 
will  be  about  400  ft.  in  length  and  will  consist  of  diverg- 
ing ashlar  and  rubble  retaining  walls.  Both  the  inlet 
and  the  outlet  will  have  concrete  floors  for  a  portion  of 
their  length. 

The  estimated  quantities  for  the  principal  items  are  as 
follows  : 

Earth  excavation,  cu.  yd 106.700 

Rock  excavation,   cu.  yd 12S.00O 

Concrete,   cu.  yd .J6..">S0 

Reinforcing   steel,    tons SCO 

lortland    cement,    bbl ' S5,000 
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In  addition  the  work  requires  the  underpinning  of  18 
building.s  along  the  location  of  the  tube  and  the  e.xcava- 
tion  of  several  thousand  cubic  yards  of  concrete  masonry 
and  stone  and  brick  masonry  from  retaining  walls  and 
culverts  along  the  line  of  the  work. 

The  concrete  in  the  tube  will  be  a  1:2:4  mix  and  will 
be  placed  in  two  operations.  The  invert  covering,  a  width 
of  about  14  ft.  in  the  bottom,  will  be  placed  first  in  alter- 
nate blocks  without  employing  top  forms.  The  surface 
will  be  screeded  with  a  template,  rolled  with  a  steel  roller, 
floated  and  troweled  smooth.  The  second  operation  will 
be  the  placing  of  all  that  portion  of  the  tube  above  the 


concrete  must  have  been  placed.     The   rate  of  progress 
thereafter  must  be  at  least  800  lin.  ft.  per  month. 

Bids  for  the  Mill  Creek  improvement  project  will  be 
opened  Dec.  19  at  the  City  Hall,  Erie,  Pa.  Farley  Gannett 
is  the  Consulting  Engineer  and  F.  G.  Lynch  is  the  City 
Engineer. 


Fig.   2 — Cross    Section    of    Intake. 

invert,  for  which  metal  forms  must  be  used.  There  will 
be  no  longitudinal  joints  in  the  tube  above  the  invert. 
Contraction  joints  will  be  required  at  intervals  of  between 
30  ft.  and  75  ft. 

Ribs  will  be  placed  across  the  top  of  the  tube  at  all 
street  crossings  and  at  other  places  where  special  loads 
may  come  upon  the  tube.  It  is  the  intention  to  place  webb 
walls  under  building  walls,  etc.,  for  permanently  carry- 
ing the  load  from  such  structures.  These  ribs  or  webb 
walls  in  general  will  be  not  less  than  1  ft.  thick.  They 
wall,  in  general,  will  be  not  less  than  1  ft.  thick.     They 


COST  OF   FILTER  PLANT   OPERATION   AT 
CINCINNATI,  O. 

The  total  cost  of  operating  the  filter  plant  of  Cincin- 
nati, 0.,  during  1915,  was  $4.05  per  1,000,000  gal.  of  fil- 
tered water  delivered  in  to  the  service,  according  to  the 
report  of  J.  W.  Ellms,  Superintendent  of  Filtration  in 
the  last  annual  report  of  Water  Works  Department. 

There  was  expended  for  the  two  coagulating  chemicals, 
sulphate  of  iron  and  caustic  lime,  the  sum  of  $25,426.67, 
or  $1.43  per  1,000,000  gal.  of  filtered  water  delivered  into 
the  service.  For  disinfection  with  liquid  chlorine,  the 
sum  of  $1,498.49  was  expended,  or  $0,984  per  1,000,000  gal. 
of  filtered  water  delivered  into  the  filtered  water  reser- 
voir. 

The  increased  cost  of  operation  and  maintenance  was 
due  to  the  uniformly  greater  turbidity  of  the  water 
treated,  to  unusual  maintenance  charges  on  account  of 
the  repair  of  the  roofs  of  the  head  and  chemical  houses, 
and  to  the  reconstruction  of  the  filter  beds.  The  increased 
cost  for  coagulating  chemicals  over  the  figure  for  1914, 
amounted  to  $0.22  per  1,000,000  gal.  of  filtered  water  de- 
livered into  the  service.  The  cost  of  repairs  on  the  roofs 
was  $0.07  per  1,000,000  gal.,  and  for  reconstructing  the 
filter  beds,  $0.34  per  1,000,000  gal.  These  three  items 
constitute  94  per  cent  of  the  increased  cost  for  operation 
and  maintenance  over  the  cost  figures  for  1914.     The  de- 
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concrete  up  as  high  as  12  in.  above  the  outside  of  the 
tube. 

The  face  walls,  coping  and  buttresses  of  the  reinforced 
concrete  retaining  walls  will  be  composed  of  a  1 :2V2 :5 
conci'ete.  This  proportion  will  be  used  for  the  concrete 
for  the  side  lining  of  the  intake.  On  this  portion  of  the 
work  the  concrete  will  be  placed  directly  against  the 
rock,  which  will  act  as  a  back  form.  The  footings  of  the 
reinforced  concrete  retaining  walls,  and  of  the  floor  at 
the  intake  and  outlet  will  be  a  \:Z^-:f>  mix.  The  concrete 
in  the  wing  walls  at  the  outlet  also  will  be  a  1 :2'  2  :5  mix, 
but  may  contain  "plums"  not  exceeding  by  volume  40  per 
cent  of  the  total  volume  of  the  wall. 

The  contract  provides  that  the  work  must  be  completed 
within  22  months  and  that  by  May  1,  1917  400  lin.  ft.  of 


creased  consumption  of  filtered  water  is  also  a  cause  for 
the  advance  in  the  cost  figures. 

The  following  table  gives  a  summary  of  the  operation 
and  maintenance  unit  costs  on  the  basis  of  the  volume  of 
filtered  water  delivered  into  the  service.  The  cost  of  co- 
•agulating  chemicals  is  also  given,  but  is,  of  course,  to  be 
understood  as  included  in  the  total  co.sts  named,  and  not 
as  an  addition  to  them. 

Cost  per  1,000,000  gal.  of  filtered  water  delivered  into 
the  service: 


1 90S. 
.S4.19 
.     .05 


1909. 

$4.17 

.09 


1910. 

$3.91 

.28 


1911. 
$3.77 
.35 


1912. 
$3.46 
.38 


1913. 
$3.44 
.48 


1914. 


Av.  for 
S-vear 
pe- 
1915.     riod. 


$2.99-    $3.29 


.39 


.76 


$3.65 
.35 


Operation     . . 
Maintenance 

Total     $4.24     $4.26     $-;.19     $4.12     $3.84     $.3.92     $3.38     $4.05     $4!00 

< '(iMuuIating 

chemicals    ...$1.72    $1.89     $1.93     $1.S6     $1.78     $1.67     $1.21     $1.43     $1.69 
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■o 
Month.  "o 

January    1,513 

February     1,357 

March    1.454 

April    1.494 

May     1,443 

June     1,.')5S 

July     1.643 

August    1,605 

September     1,568 

October    1,640 

November    1,478 

December    1,493 

Totals     18.252 


U,  Em 

<U  3 

Si  O 

Month.  I  ai 

51 

Be 

January     8,957.57 

February     8,037.95 

March    8.58S.33 

April     -. ...     8,741.33 

May    8,609.99 

June 9,416.38 

July     10,013.54 

August     9,668.80 

September    9,457.00 

October    9.794.92 

November    S, 954. 51 

December    8,934.26 

Totals    109,084.58 

Averages    
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4.50 

2.33 

17.13 
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4.50    ■ 

2.23 

25.18 

352 

4.50 

1.42 

5,345 

22.94 

4.21 

1.75 

Table  I  gives  the  quantities  of  water  in  gallons  for  each 
month  which  have  been  treated,  filtered,  used,  wasted  and 
lost  by  leakage,  and  the  amount  of  water  delivered  by  the 
filtration  plant  for  consumption.  Table  II  shows  the 
total  number  of  filtering  hours  for  each  month,  the  aver- 
age period  of  service  of  the  filters,  the  number  and  length 
of  washings  and  the  average  percentage  of  filtered  water 
used  for  washing. 


A  SELF-PRIMING  ROTARY  PUMP. 

A  rotary  pump  that  is  coming  into  considerable  use  in 
iconnection  with  water  supplies  for  domestic  purposes  and 
for  irrigation  is  illustrated  herewith.  The  points  of  in- 
terest in  this  pump  are  its  simplicity,  positive  action,  high 
efficiency  and  constancy  of  efficiency  under  a  long  range 


The  Viking  Rotary  Pump. 

■of  heads  and  speeds.  The  pump  is  self-priming,  has  only 
two  moving  parts,  and  is  positive  in  its  action.  It  is 
claimed  that  it  will  develop  approximately  65  per  cent 
efficiency  under  ordinary  installations. 

A  pump  similar  to  the  one  shown  in  the  illustration  is 
now  in  operation  in  the  water  works  station  of  Ames,  la. 


The  Ames  installation  has  a  capacity  of  1,000  gal.  per 
minute  and  is  belt  driven  by  a  15  HP.  motor.  It  pumps 
against  a  head  of  105.5  ft.  and  requires  0.55  K.  W.  per 
hour.  The  attention  required  does  not  average  more  than 
15  minutes  per  day,  as  the  operator  simply  investigates  as 
to  whether  the  pump  is  operating  properly,  tends  to  the 
lubrication  and  sees  that  the  packing  glands  are  not  leak- 
ing, etc.  The  pump  described  above  is  known  as  the 
Viking.  It  is  manufactured  by  the  Schirmer-Frensdorf 
Co.,  Cleveland,  O. 


PERSONALS. 

Henry  Welles  Durham,  county  engineer  of  Bergen  County,  Hack- 
ensack,  N.  J.,  who  has-  been  .absent  on  leave  with  his  regiment,  the 
7th  New  York  Infantry,  at  McAUen,  Tex.,  has  returned  to  his  office, 
having  come  back  to  New  York  with  his  command,  which  has  been 
mustered  out  of  active  duty  with  the  United  States  Government. 

At  the  annual  meeting  of  .the  Calgary  Branch,  Canadian  Society  of 
Civil  E'ngineers,  Dec.  2,  A.  Scott  Dawson,  M.  Can.  Soc.  C.  E.,  M.  Am. 
Soc.  C.  E.,  chief  engineer  department  of  natural  resources,  Canadian 
Pacific  Railway  Co..  was  elected  chairman  for  the  ensuing  year,  and 
Sam  G.  Porter,  M.  Can.  Soc.  C.  E.,  M.  Am.  Soc.  C.  E.,  assistant  chief 
engineer.  Irrigation  Branch,  Department  of  the  Interior  of  Canada, 
was  re-elected  secretary-treasurer. 

Albert  A.  Lane,  contracting  engineer,  has  removed  his  oflice  from 
Y'oungstown,  O.,  to  324  Union  building,  Cleveland.  O.,  which  is  a  more 
central  location  for  his  operations.  He  will  continue  to  specialize  in 
factory  building's  and  industrial  plants  of  reinforced  concrete  and 
steel  construction.  Among  the  work  which  he  has  designed  and  built 
during  the  past  few  years  are  included  four  buildings  for  the  General 
Fireproofing  Co.  at  Youngstown,  the  Standard  Oil  distributing  plant 
at  Youngstown,  the  National  Tire  &  Rubber  Plant  at  East  Palestine, 
O.,  the  Standard  Oil  Co.  plant  at  Akron,  O.,  and  buildings  for  the  Mc- 
Graw  Tire  &  Rubber  Co.  at  East  Palestine,  O. 

Raymond  W.  Parlin  of  205  Ocean  avenue,  Brooklyn,  N.  Y.,  has 
been  appointed  Deputy  Commissioner  of  the  Department  of  Street 
Cleaning  of  New  York  City.  Mr.  Parlin  specialized  as  a  student  in 
the  Massachusetts  Institute  of  Technology  in  sanitary  engineering 
and  has  had  an  exceptionally  broad  experience  in  municipal  work, 
including  street  cleaning.  He  has  been  connected  with  the  Massachu- 
setts State  Board  of  Health  as  assistant  engineer;  with  W.  S.  John- 
son, consulting  hydraulic  and  sanitary  engineer  of  Boston,  as  assistant 
engineer  and  construction  superintendent:  in  general  contracting  busi- 
ness; with  the  Washington  County  Water  Co.  of  Hagerstown,  Md.. 
as  engineer;  with  the  American  Waterworks  &  Guarantee  Co.  of 
Pittsburgh  as  a  member  of  the  operating  department  for  plants  in 
the  northern  division,  and  as  acting  superintendent  at  Clinton,  Iowa; 
with  the  Clarion  River  Power  Co.  as  assistant  chief  engineer;  with 
S.  M.  Gray,  consulting  engineer.  Providence.  R.  I.,  as  engineer  in 
charge  of  preliminary  surveys  for  the  new  Providence  water  supply, 
and  for  the  past  three  years  he  lias  been  a  member  of  the  staff  of 
the  New  York  Bureau  of  Municipal  Research,  where  he  has-  special- 
ized on  street  cleaning  and  refuse  disposal.  He  has  been  engaged  in 
special  studies  of  the  conditions  in  Greenwich,  Conn.;  New  Bedford, 
Mass.;  Rochester.  N.  Y.;  Buffalo,  N.  Y. ;  New  York  City;  Norfolk,  Va., 
and  Detroit,  Mich. 


OBITUARY. 

Frederick  C.  Fisher,  5127  Indiana  avenue,  Chicago,  president  of  the 
Ferro  Construction  Co.,  died  last  week  at  the  Washington  Park  Hos- 
pital following  an  operation  lor  appendicitis.  Mr.  Fisher  was  born  at 
Lake  Linden.  Mich.,  45  years  ago  -and  was  a  graduate  of  engineering, 
of  the  University  of  Michigan.  He  was  engineer  in  charge  of  the 
construction  of  the  railroad  bridge  at  Thebes,  111.  He  erected  what 
was  then  known  as  the  largest  grain  elevator  in  the  world  at  West 
Superior,   Wis.,   o"\'er  a   decade  ago. 


INDUSTRIAL  NOTES. 

The  Lidgerwood  Manufacturing  Co.,  New  York,  has  opened  a 
branch  office  in  the  Hibernian  building,  Dos  Angeles,  Cal.  Charles  A. 
Baeclitold  will  be  in  charge  of  this  office. 

Ike  S.  Byrum,  special  representative  of  the  Troy  Wagon  Works 
Co..  Troy,  O..  has  completed  arrangements  for  the  handling  of  Troy 
motor  truck  trailers  by  O'Rourke-MuUer  Motor  Co.,  853  Carondelet 
street.  New  Orleans.  La.  The  above  concern  has  stocked  a  complete 
line  of  Troy  trailers. 

The  National  Tube  Co.,  Pittsburgh,  Pa.,  has  had  motion  picture 
films  made  illustrating  the  manufacture  of  National  pipe  from  ore  to 
finished  products.  Exhibitions  of  these  films  were  given  before  the 
Wilkes-Barre  District  Mining  Institute  at  Wilkes-Barre,  Pa.,  on 
Dec.  9.  and  before  the  National  Association  of  Stationary  Engineers, 
at  Copley.  Pa.,  en  Dec.  12.  The  series  also  w'ill  be  shown  before  the 
American  Society  of  Marine  Draftsmen,  Newport  News  Branch,  NcWt 
port  News,  Va. ,  on  Dec.  15. 

The  Purington  Paving  Brick  Co.  of  Galesburg.  111.,  has  become  a 
licensee  of  The  Dunn  Wire-Cut  Lug  Brick  Co.  of  Conneaut,  O..  and 
will  engage  extensively  in  the  manufacture  of  wire-cut  lug  brick. 
The  Purington  company  is  one  of  the  biggest  paving  brick  concerns 
in  the  United  States,  with  a  daily,  output  capacity  of  about  350.000 
brick.  The  Purington  organization  consists  of  F.  G.  JIatteson.  presi- 
dent and  treasurer;  George  C.  Prussing.  vice-president;  C.  D.  B. 
Howell,  vice-president;  W.  H.  Terwilllger.  secretary,  and  W.  G.  D. 
Orr,    general   manager. 

J.  A.  &  W.  Bird  I'c  Co..  of  Boston.  Mass.,  distributors  of  Ripolin 
enamel  paint,  have  arranged  to  have  George  Price,  who  has  been 
manager  of  the  New  York  office.  120  Broadway,  handling  the  metro- 
politan district  for  the  past  eight  years,  and  who  recently  completed 
a  trip  through  the  south,  engineer  and  handle  the  sales  department 
covering  the  entire  territory  south  of  New  York  as  far  as  Mississippi 
and  als'o  including  the  states  of  Louisiana  and  Texas.  The  Celling 
policy,  it  is  understood,  will  remain  practically  the  same,  with,  how- 
ever." a  larger  number  of  distributors. 

The"  annual  sales  convention  of  the  Blaw  Steel  Construction  Co. 
was  held  on  Fridav  and  Saturday.  Nov.  17  and  IS,  at  Pittsburgh. 
\s  last  year  proved  bv  far  to  be  the  most  prosperous  in  the  com- 
panv's  h'istorv.  and  indications  point  already  that  next  year  -will 
greatlv  exceed  it  great  enthusiasm  was  evident  at  all  times.  Friday 
morning  was  devoted  to  a  tour  of  the  plant.  Mr.  McArthur,  chief 
engineer  Mr.  Rawlev.  general  superintendent,  and  Mr.  Loxtennan. 
manager  of  the  service  department,  spoke  briefly  on  new  appliances 
and  new  methods  in  concrete  form  construction  worked  out  during  the 
cast  vear  The  new  Blaw  bucket  was  the  topic  in  the  afternoon  as 
we"ll  as  on  Saturdav  forenoon.  The  many  advantages  of  the  Blaw 
bucket  were  brought  home  in  very  teUing  fashion  by  Mr.  McWhirk, 
who  is  in  charge  of  the  bucket  department.  As  has  been  the  custom 
in  the  nast.  the  convention  ended  with  a  banquet  at  the  Concordia 
Club.     Over  sixty  men  were  present. 
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WHY  DO  RAILWAYS  LOSE  THEIR  RATE  CASES? 

With  few  e.xceptions,  the  rate  decisions  of  the  Inter- 
state Commerce  Commission  have  been  fundamentally 
against  the  railway  companies.  For  this  result  it  is  the 
habit  of  railway  officials  to  damn  the  Commission.  A 
poor  card  player  blames  his  luck,  but  it  seems  not  to 
have  occurred  to  railway  officials  that  there  is  more  than 
a  distant  kinship  between  them  and  the  consistent  loser 
at  cards. 

The  writer  has  studied  the  decisions  of  the  I.  C.  C. 
for  many  years,  has  ajipeared  before  the  Commission 
as  a  witness,  and  is  acquainted  with  members  of  its 
technical  staff.  He  is  satisfied,  in  spite  of  all  the  im- 
precations that  have  been  hurled  against  the  judgment 
and  fairness  of  the  Commission,  that  the  reason  why 
railway  companies  have  been  so  uniformly  unfortunate  in 
the  outcome  of  their  rate  cases  is  not  to  be  explained  away 
by  casting  aspersions  as  to  the  fairness  or  levelheaded- 
ness of  the  Commission.  The  evidence  presented  by  the 
railways  has  been  insufficient  to  convince  the  Commission 
that  rates  should  be  raised  to  the  extent  desired  by  rail- 
way companies. 

Let  any  railway  president  divest  himself  of  prejudice 
to  as  great  a  degree  as  possible  and  study  the  evidence 
in  any  rate  case  that  his  company  has  lost.  Let  him 
cease  temporarily  to  be  guided  by  the  opinions  of  his  at- 
torneys and  himself  look  the  evidence  in  the  face.  If 
he  can  assume  a  judicial  attitude  he  will  see  a  state  of 
things  that  will  jar  his  faith  both  in  the  railway  method 
of  presenting  the  testimony  and  in  the  character  of  the 
testimony  itself.  If  he  is  discerning,  his  first  generaliza 
tion  from  such  a  study  will  be  this: 

A  rate  case  before  a  Commission  should  be  treated 
after  the  manner  of  the  presentation  of  facts  to  a  board 
of  directors,  and  not  after  the  manner  of  a  legal  contest. 

Lawyers,  trained  in  court  experience,  are  rarely  capable 
of  assuming  anything  but  a  fighting  attitude,  yet  such 
an  attitude  before  a  Commission  is  almost  fatal  to  the 
cause  of  the  client.  Not  only  does  it  arouse  antagonism, 
but  it  creates  suspicion  to  a  degree  that  is  evidently  not 
comprehended  by  those  who  have  never  served  on  Com- 
missions or  on  the  technical  staffs  of  Commissions.  Too 
frequently  the  suspicion  is  justified,  for  the  tendency  of 
most  attorneys  is  to  conceal  every  fact  that  may  be  at  all 
damaging  to  a  contention,  even  to  the  extent  of  curbing 
a  witness  who,  uncurbed,  would  tell  the  whole  truth. 

The  writer  appeared  before  a  public  service  commission 
not  long  ago  in  an  appraisal  and  rate  case  in  which  he 
acted  as  engineer  for  a  utility  company.  The  attorney 
for  the  company  assumed  the  usual  belligerent  attitude 
and  also  sought  to  cut  off  the  writer's  testimony  where  it 
was  unfavorable  to  the  company.  At  the  end  of  the 
first  day's  hearing  the  Commission  requested  the  com- 
pany to  withdraw  its  attorney  from  the  case  and  permit 
its  engineer  not  only  to  present  his  testimony,  but  to  ex- 
amine other  witnesses.  The  company  acceded  to  this 
unusual  request,  and  the  rest  of  the  hearing  proceeded 
without  further  wrangling,  a  man  to  man  talk,  over  a 
table.  There  was  a  frankness  and  completeness  of  testi- 
mony such  as  is  rarely  seen  in  any  case. 

It  is  not  here  contended  that  attorneys  should  thus  be 
eliminated  from  rate  cases,  but  what  is  illustrated  by 
this  case  is  the  desirability  of  selecting  attorneys  who 
themselves  will  assume  a  proper  attitude  and  will  work 


with  the  engineers  to  give  all  the  facts  to  the  Commis- 
sion regardless  of  consequences.  Candid  differences  of 
opinion  will  arise,  but  a  Commission  is  far  more  likely 
to  give  credence  to  the  testimony  of  a  witness  in  behalf 
of  a  company  if  there  is  evident  desire  to  conceal  nothing. 

The  second  generalization  that  a  discerning  reviewer 
of  testimony  in  a  railway  rate  case  w-ill  make,  is  this: 

A  witness  who  is  permanently  employed  by  a  company 
feels  so  strong  an  allegiance  to  the  company  that,  in 
spite  of  himself,  his  testimony  is  biased. 

Of  course,  there  is  a  natural  bias  on  a  Commission's 
part  in  favor  of  its  own  witnesses,  but  this  bias  is  ac- 
centuated by  knowledge  that  a  permanent  employee  of  a 
company  usually  feels  fhat  he  has  more  to  gain  through 
the  winning  of  a  late  case  than  has  an  employee  of  a 
Commission.  Even  where  a  company  employs  outside 
experts  to  assist  in  presenting  facts,  there  is  bias  against 
them  in  the  minds  of  commissioners,  but  the  bias  is  less 
pronounced  and  may  become  slight  if  the  outside  expert 
shows  perfect  frankness,  coupled  with  complete  knowl- 
edge of  the  facts.  It  is  noteworthy  that  public  utilities 
other  than  railways  are  more  and  more  coming  to  depend 
upon  outside  engineers  to  appraise  their  properties  and 
present  testimony  in  rate  cases.  Is  there  not  much  sig- 
nificance in  the  fact  that  such  utility  companies  have 
frequently  secured  marked  increases  in  rates  and  have 
seldom  suffered  large  cuts  in  rates,  unless  the  cuts  were 
fully  warranted? 

How  many  railway  presidents  have  paid  even  slight  at- 
tention to  the  methods  of  handling  rate  cases  by  elec- 
tric light,  gas,  traction,  water  and  telephone  companies? 
Most  utility  companies  have  not  felt  the  self-sufficiency 
that  characterizes  railway  companies.  Being  small,  most 
utilities  have  usually  not  had  a  sufficiently  large  engi- 
neering staff  to  handle  an  appraisal  and  at  the  same  time 
to  take  care  of  their  customary  work.  But  this  weakness 
has  become  their  strength.  Forced  to  rely  upon  the  help 
of  outside  engineers,  they  have  engaged  men  of  recog- 
nized standing  who  could  not  be  made  parties  to  any 
concealment  or  distortion  of  facts. 

Consulting  engineers  are,  of  course,  not  without  human 
frailties  that  incline  them  to  decide  questions  in  favor  of 
their  clients,  but  it  is  noticeable  that  it  is  their  theories 
rather  than  their  statements  of  fact,  that  are  most  fre- 
quently attacked. 

A  third  generalization  that  a  student  of  railway  rate 
cases  will  make,  is  this: 

There  is  usually  a  lack  of  coordination  of  all  the  testi- 
mony resulting  in  unexplained  inconsistencies,  as  well  as 
gaps  that  leave  an  impression  of  doubt. 

Here  again  railway  presidents  might  do  well  to  study 
some  of  the  utility  co;npany  cases.  Often  in  preparing  the 
evidence  for  a  utility  company  case,  the  engineer  em- 
ployed by  the  company  not  only  has  charge  of  the  ap- 
praisal, but  of  the  study  of  the  accounting  records,  both 
as  to  capital  account  and  operating  expenses.  In  addi- 
tion, he  selects  the  real  estate  and  right-of-way  experts 
and  directs  their  work.  Finally — and  this  is  of  supreme 
importance — he  makes  a  careful,  analytical  study  of  each 
class  of  rates.  In  brief,  the  engineer  coordinates  the  en 
tire  case.  To  do  so,  he  must  of  course  understand  ac- 
counting and  be  able  to  direct  the  accountants.  Where 
the  book  value  differs  from  the  appraised  value,  he  seeks 
the   reasons   for  the   difference   and   does   not   rest   until 
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every  reason  ceases  to  be  a  mere  generality,  and  is  con- 
verted into  dollars.  Then  he  studies  the  operating  ex- 
penses for  many  years  past  to  establish,  as  far  as  may 
be,  the  ratio  of  maintenance  and  depreciation  to  invest- 
ment in  depreciable  property.  But,  being  more  than  an 
accountant,  he  goes  beyond  the  accounts  into  the  engi- 
neering records  to  ascertain  what  property  has  been 
abandoned  without  being  charged  to  maintenance  or  de- 
preciation accounts.  He  may  thus  discover  inflation  in 
"book  values,"  but  he  accomplishes  something  that  more 
than  offsets  such  inflation  by  proving  that  the  true  oper- 
ating expense  has  been  greater  than  the  accounting 
records  indicate,  and  that,  therefore,  if  the  past  is  any 
criterion  of  the  future  as  to  obsolescence  and  inadequacy 
of  plant,  the  company  is  entitled  to  earn  depreciation  an- 
nuities in  excess  of  those  normally  provided. 

Instead  of  making  any  such  comprehensive  historical 
accounting  analysis,  the  railways  have  uniformly  fought 
against  it,  and,  in  the  writer's  opinion,  have  lost  many  a 
case  that  otherwise  would  have  been  won.  By  contend- 
ing that  depreciation  reserves  are  wholly  unnecessary  in 
railway  operation,  and  that  renewals  should  be  met  as 
a  current  maintenance  expense,  the  railways  have  sought 
to  save  their  surplus  and  by  doing  so,  lost  their  entire 
rate  cases.  Seeking  to  bolster  up  their  net  earnings  by 
this  illogical  procedure,  they  have  brought  themselves 
to  the  very  precipice  of  ruin  in  many  an  instance,  and 
have  at  times  precipitated  themselves  over  the  precipice, 

Of  all  the  contentions  by  which  railways  have  killed 
their  cause,  the  absurd  argument  that  a  railway  needs  no 
depreciation  reserves  is  perhaps  the  most  astonishing. 
The  degree  of  the  absurd  claim  that  a  large  diversified 
plant  needs  no  depreciation  fund  is  best  appreciated  by 
studying  the  practice  of  the  most  successful  great  utility 
company  in  the  world — the  American  Telephone  &  Tele- 
graph Co.,  commonly  known  as  the  Bell  System.  Instead 
of  a  policy  of  hand  to  mouth  living,  this  great  company 
has  long  insisted  upon  providing  adequate  depreciation 
reserves  for  every  item  of  its  plant.  Now  witness  the  re- 
sult: While  the  railways  of  America  are  unable  to  sell 
their  stocks  to  provide  for  betterments  that  would  yield 
a  good  profit,  the  Bell  System  finds  no  trouble  in  con- 
tinuing its  amazing  growth. 

Of  course,  like  the  poor  card  player,  railway  companies 
attribute  their  own  unfortunate  condition  entirely  to  the 
"bad  deal"  they  have  received,  and  point  to  the  relative 
freedom  of  the  telephone  companies  from  Commission  in- 
terference. And,  also,  like  the  poor  card  player,  the 
railway  companies  will  insist  that  one  must  have  held 
their  very  hand  of  cards  to  appreciate  its  weakness.  It 
is  always  the  fashion  to  ascribe  financial  and  other  losses 
to  ill  fortune.  In  this  respect,  at  least,  the  railways  have 
garbed  themselves  in  the  latest,  though  also  the  oldest, 
mode. 

Put  plainly — and  this  is  the  time  for  plain  speaking — 
the  railway  companies  have  botched  nearly  every  great 
rate  case  thus  far  presented  to  the  Interstate  Commerce 
Commission.  The  fundamental  cause  is  a  smug,  self- 
complacency  that  has  led  to  ignorance  of  the  methods 
of  the  utility  companies  that  are  succeeding  under  pre- 
cisely the  same  conditions  that  yield  the  railways  noth- 
ing but  failure.  Wrapped  up  in  worship  of  their  own 
precedents,  imbued  with  the  idea  that  to  know  anything 
about  railway  problems  one  must  have  always  been  a 
railway  employee,  railway  officials  have  attained  to 
the  climax  of  financial  absurdity  in  their  belief  that 
depreciation  funds  may  be  wise  for  others,  but  are 
useless  to  railways.  The  origin  of  this  absurdity  is 
not  far  to  seek.  It  has  sprung  from  the  early  prac- 
tice of  bonding  railway  property  under  mortgages  that 
called  for  net  earnings  about  double  the  bond  in 
terest.  To  make  it  appear  that  net  earnings  were  dou- 
ble the  bond  interest,  it  was  usually  necessary  not  to 
deduct  anything  for  a  depreciation  annuity.  The  de- 
ception once  begun  had  to  be  continued,  and  it  very  soon 
was  argued  that  there  was  no  deception  involved,  for  re- 
newals could  be  met  when  they  materialized.  Yet  when 
they  did  materialize  on  a  large  scale — as  when  extensive 


relocation  of  lines  became  necessary  to  handle  traffic 
more  economically — renewals  were  not  entirely  charged 
to  maintenance.  For  the  most  part  they  were  then 
charged  to  capital.  This  practice  resulted  in  strong  op- 
position to  government  appraisal  of  railway  property,  for 
fear  that  overcapitalization  would  be  disclosed — an  op- 
position that  is  not  yet  ended,  in  spite  of  accumulating 
evidence  that  the  increments  in  right  of  way  and  land 
values  have  more  than  offset  other  reductions  in  book 
values  that  an  appraisal  might  make  n^cessar^'.  So  one 
wrong  bred  another  and  led  to  the  greatest  mistake  of 
all — the  damning  of  Commission  regulation  and  Commis- 
sion appraisal   of  railway  property. 

The  writer  feels  that  unless  Commission  regulation  of 
railway  rates  is  to  fail  completely,  there  must  soon  come 
a  complete  change,  not  only  in  the  manner  of  presenting 
the  railway  side  of  these  cases,  but  in  the  theor>'  that 
underlies  railway  accounting  and  financing.  The  Inter- 
state Commerce  Commission  itself  has  urged  the  neces- 
sity of  providing  depreciation  reserves.  Instead  of  seiz- 
ing the  suggestion  as  a  life-saver,  the  railways  have  cast 
it  away. 

Summed  up  in  one  sentence,  the  writer's  theory  of 
the  proper  presentation  of  the  most  important  single  ele- 
ment in  a  railway  rate  case,  is  this: 

Welcome  the  I.  C.  C.  proposal  to  establish  adequate 
depreciation  reserve  funds,  and  then  demand  that  rates 
be  raised  sufficiently "  to  provide  the  reserves  and  still 
leave  adequate  net  earnings  upon  the  appraised  value 
of  the  property. 

Every  effort  should  be  made  to  finish  the  railway  ap- 
praisals speedily,  even  though  the  appraisals  be  admit- 
tedly incomplete.  It  will  be  said  that  the  present  refine- 
ments of  appraisal  work  will  admit  neither  of  speed  nor 
low  cost.  Shall  appraisal  definements  be  permitted  to  go 
to  such  extremes  that  railways  are  unable  to  meet  the 
demands  of  the  country,  while  engineers  and  accountants 
split  the  last  hair?  The  writer  himself  has  used  the 
highest  degree  of  appraisal  refinement  in  certain  cases 
and  he  has  also  used  the  most  rough  and  ready  methods. 
He  knows  that  these  two  extremes  of  method  yield  far 
less  difference  than  is  to  be  had  as  a  result  of  differences 
in  appraisal  theories.  He  has  talked  with  many  apprais- 
ers and  finds  them  of  the  same  mind.  Hence,  for  all 
practical  purposes,  every  railway  in  America,  if  it  wishes, 
can  prepare  an  appraisal  within  18  months,  that  will 
serve  the  immediate  purposes  of  a  rate  case. 

Later  refinements  of  appraisal  work  can  then  be  car- 
ried out  at  leisure. 

The  immediate  effect  of  establishing  adequate/depre- 
ciation funds  will  be  to  give  greater  confidence  to  in- 
vestors in  railway  securities,  for  it  will  be  realized  that 
the  era  of  hand  to  mouth  maintenance  of  railway  prop- 
erty has  come  to  an  end.  To  add  to  this  feeling  of  se- 
curity, the  depreciation  funds  of  each  railway  should  be 
invested  in  the  bonds  of  other  railways,  thus  diversify- 
ing the  locality  investment,  and  keeping  the  funds  in  a 
condition  that  permits  of  easy  liquidation  through  the 
sale  of  the  bonds. 
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WHY    ELECTRIFICATION    OF    RAILWAYS   WILL 
MAKE  W  ORK  FOR  RAILROAD  CONTRACTORS. 

The  economic  success  of  the  electrification  of  several 
hundred  miles  of  the  Chicago,  Milwaukee  &  Puget  Sound 
Ry.  through  the  Rockies",  has  probably  been  the  deciding 
influence  that  has  led  the  Great  Northern  Ry.  to  announce 
plans  for  electrifying  all  its  lines  in  the  state  of  Wash- 
ington at  a  cost  of  about  $20,000,000.  Of  course  an  other 
influence  leading  to  such  a  decision  has  been  the  revival 
of  railway  business,  resulting  in  substantial  increases 
in  net  earnings. 

Some  railroad  contractors  may  not  realize  that  in  elec- 
trifying these  western  railways  a  very  large  part  of  the 
money  will  be  expended  in  building  reservoirs,  dams, 
ditches  and  pipe  lines ;  for  it  is  planned  to  develop  water- 
power  sufficient  to  generate  all  the  electric  current  used 
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to  run  the  trains.  The  cost  of  the  power  plant  equip- 
ment— waterwheels,  generators,  transformers,  etc. — is  a 
comparatively  small  part  of  the  total  cost.  Hence,  of  an 
expenditure  such  as  $20,000,000,  a  very  large  part  will  go 
to  contractors  who  build  the  reservoirs,  "flow  lines," 
foundations  and  pole  lines. 

It  seems  wise  to  make  this  explanation,  for  we  find 
that  a  good  many  railroad  contractors  are  apt  to  regard 
the  work  of  electrifying  a  railroad  as  being  out  of  their 
field  entirely,  whereas  the  electrification  involves  much 
•construction  that  they  are  competent  to  handle. 

With  millions  of  horsepower  of  water  still  undevel- 
oped, and  with  the  price  of  fuel  steadily  rising  year  after 
year,  it  has  long  been  evident  to  farsighted  engineers  that 
practically  all  railways  will  eventually  be  operated  by 
electricity.  The  word  "eventually"  seems  now  likely  to 
become  definite  and  to  give  place  to  say,  "within  the  next 
15  years." 

The  editor  knows  of  several  contracts  between  west- 
ern railways  and  large  hydro-electric  power  companies 
involving  the  purchase  of  large  quantities  of  power  at 
about  half  a  cent  per  kilowatt  hour,  which  is  at  the  rate 
of  about  5  ct.  per  horsepower  per  day  of  8  hours.  It  is 
obvious  that  a  considerable  amount,  say  30  per  cent,  of 
the  power  can  be  lost  in  transmission  along  the  wires 
to  the  electric  locomotive  and  still  leave  a  very  low  cost 
for  the  'power  at  such  a  rate  as  '  2  ct.  per  k.w.h. 

The  advantages  of  electric  traction  do  not  end  with 
the  low  cost  of  power.  In  fact  it  is  claimed  that  the 
savings  in  locomotive  maintenance  are  almost  as  great 
as  the  saving  in  power  cost.  The  maintenance  cost  of  lo- 
comotives, exclusive  of  round-house  attendance,  amounts 
to  three-fourths  the  cost  of  the  fuel  that  drives  them. 
Annual  repairs  to  locomotives  average  18  per  cent  of  their 
first  cost,  exclusive  of  renewals  of  locomotives  that  are 
scrapped,  which  is  another  4  per  cent  of  the  first  cost. 
Although  electric  locomotives  have  not  yet  been  long 
enough  in  service  to  give  a  complete  answer  to  the  ques- 
tion of  repairs  on  them,  the  known  facts  point  to  a  main- 
tenance cost  about  one-third  that  on  steam  locomotives. 
It  should  be  remembered  that  a  boiler  on  wheels,  run- 
ning at  high  speed  over  rails,  is  subject  to  tremendous 
wear  and  tear.  Due  to  the  necessary  type  of  rather  crude 
engine  and  boiler  construction,  a  steam  locomotive  is  an 
extravagant  consumer  of  coal.  Furthermore,  a  very  con- 
siderable part  of  the  rolling  stock  of  a  railway  is  now 
kept  busy  hauling  fuel  for  its  own  locomotives. 

When  all  the  costs — not  only  operating  expenses  but 
interest  and  depreciation  charges — incurred  through  the 
use  of  steam  locomotives  are  summed  up,  it  will  be  found 
that  the  steam  locomotive  is  already  "out  of  date"  on  most 
large  railways. 


IS  A  GREAT  REVR'AL  OF  RAILWAY  BUILDING 
IN  SIGHT? 

Were  it  not  for  two  things,  one  political  and  the  other 
semi-political,  we  should  be  witnessing  right  now  a  great 
migration  of  capital  into  the  railway  field;  for  the  growth 
of  the  country  districts  has  not  kept  pace  with  the  growth 
of  the  cities,  and  there  is  a  very  evident  lack  of  transpor- 
tation facilities.  But  capital,  while  keenly  sensible  of 
the  need  of  more  and  better  railways,  is  fearful  of  not 
being  able  to  get  its  reward.  State  railroad  commissions, 
particularly  in  the  west  and  south,  have  hammered  at 
railway  rates  for  10  years  and  still  hammer.  The  Inter- 
state Commerce  Commission  has  limited  powers  and  is 
so  overloaded  ■i\-ith  work  that  the  railway  investor  sees 
little  assurance  of  getting  both  prompt  and  adequate  reg- 
ulation of  rates  from  that  source.  Finally  there  has  come 
the  menace  of  labor  troubles  on  a  gigantic  scale,  with  a 
dose  of  political  soothing  syrup  that  would  gag  a  mule. 

In  spite  of  all  clouds,  there  is  a  sun  still  shining  be- 
hind them,  and  the  sun  is  the  economic  necessity  for 
more  and  better  transportation  facilities.  The  nation's 
railway  clothes  fit  it  "too  soon" — and  the  pants  are  up 
to  the  knees  and  its  childhood  vaccination  marks  clearly 
"Visible  through  the  skintight  coat  sleeve.    Everj-thing  that 
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is  of  the  railroad  is  oppressingly  restrictive,  and  some- 
thing has  got  to  bust.  What  seam  will  rip  first,  we  don't 
know,  but  we  are  certain  that  a  rent  must  start  some- 
where and  soon. 

At  present  the  railways  are  trying  to  influence  Con- 
gress to  do  away  entirely  with  the  state  regulation  of 
railway  rates  and  to  give  the  Interstate  Commerce  Com- 
mission sole  jurisdiction.  But  the  old  state's  rights  the- 
ory blocks  a  considerable  part  of  the  roadway  to  such  a 
change.  Already  some  state  railway  commissioners  are 
earnestly  advising  against  being  shorn  of  their  own  Sam- 
sonian  locks.  Nevertheless  the  movement  toward  a  rad- 
ical change  in  government  regulation  methods,  if  not  in 
policies,  is  well  under  way,  and  there  is  strong  probabil- 
ity that  the  present  Congress  will  do  something  radical. 
Whatever  is  done  will  undoubtedly  serve  to  restore  confi- 
dence in  railway  securities  as  a  safe  investment.  It  needs 
restoration  of  confidence,  and  nothing  else,  to  start  a  new 
and  great  railway  construction  period.  As  indicated  in  an- 
other editorial  in  this  issue,  electrification  of  existing 
steam  railways  is  probably  the  most  pressing  change,  if  we 
except  enlargements  and  changes  in  terminals  and  means 
of  loading  and  unloading  freight  quickly. 

The  next  step  will  be  the  building  of  new  branch  lines 
as  feeders  to  existing  trunk  lines.  This  will  open  up 
some  new  territory,  but  that  is  of  far  less  economic  con- 
sequence than  better  development  of  territory  now  tribu- 
tary to  railways.  Branch  lines  are  too  far  apart  in  the 
majority  of  agricultural  states.  In  some  of  the  states, 
notably  Texas,  there  are  so  few  railways  that  most  of 
the   land  remains   almost  worthless. 

Railroads  always  have  been,  and  in  spite  of  the  auto- 
mobile, always  will  be,  the  greatest  agents  in  effecting 
development  of  agricultural  lands.  For  some  peculiar 
reason,  the  public  has  let  political  cataracts  grow  over 
its  eyes  till  it  can  scarcely  see  the  real  worth  of  railways 
as  general  developers  of  agriculture.  The  suffering  re- 
sulting from  high  food  prices,  due  to  this  partial  blind- 
ness, seems  now  acute  enough  to  lead  to  an  operation 
that  will  bring  permanent  relief.  Here's  to  the  hope  that 
Congress  will  wield  the  knife  courageously  and  speedily. 


MANUFACTURERS  OPPOSED  TO  AN  EXCAVAT- 
ING 3IACHINERY  SHOW. 

In  our  November  Excavation  and  Railway  Monthly  is- 
sue, we  suggested  that  it  might  be  advisable  to  hold  an 
annual  exposition  or  show  of  machinery  and  equipment 
used  in  excavating  earth  and  rock.  We  have  received  let- 
ters from  10  manufacturers  commenting  on  our  sugges- 
tion, and  only  one  of  them  is  favorable  to  the  plan.  Even 
that  one  fears  that  it  would  be  verj'  difficult  to  display 
heavy  machinery  in  operation,  and  feels  that  if  the  ma- 
chine were  not  at  work  the  show  would  lose  most  of  its 
educational   value. 

The  majority  of  these  manufacturers  seem  to  regard 
three  objections  as  being  so  great  as  to  outweigh  all  ad- 
vantages. First,  the  size  and  weight  of  many  excavat- 
ing machines  are  such  as  to  cause  considerable  expense 
in  transporting  and  assembling  them.  Second,  the  ma- 
chines should  be  exhibited  in  operation,  which  requires 
considerable  area,  varying  conditions  and  suitable 
weather.  Third,  a  great  enough  number  of  prospective 
buyers  would  not  be  likely  to  attend  the  show. 

Two  of  these  manufacturers  have  had  experience  at 
shows  in  allied  fields,  and  do  not  seem  satisfied  with  the 
tangible  results.  This,  however,  is  not  a  sufficiently 
strong  objection  in  itself,  for  it  is  not  the  immediate  sales 
that  alone  warrant  holding  any  exhibition  of  machinery. 
Exhibitions  of  this  kind  are  primarily  educational  in  their 
effect,  and  therefore  like  other  kinds  of  publicity  that 
are  aimed  to  give  possible  users  of  a  product  a  better 
idea  of  its  economic  efficiency  and  field  of  application. 

Whether  enough  interest  could  be  aroused  among  con- 
tractors and  engineers  engaged  in  excavation  to  induce 
a  large  number  to  attend  a  show  is,  of  course,  proble- 
matical. We  believe  that  this  difficulty  could  be  over- 
come by  proper  publicity  methods,  particularly  if  an  ex- 
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cavation  machinery  show  were  held  jointly  with  one  or 
more  shows  of  other  classes  of  machinery.  One  of 
the  manufacturers  suggests  that  the  annual  road  ma- 
chinery show  already  embraces  exhibits  of  some  of  ex- 
cavating machinery  and  might  be  enlarged  to  include  all 
types  of  such  machinery. 

It  is  our  belief  that  an  excavating  machinery  show  is 
likely  to  be  successful  only  if  held  at  about  the  same 
time  of  some  other  show.  Perhaps  there  should  be  only 
one  large  annual  exposition  of  machinery,  devices  and 
materials  used  in  civil  engineering  and  contracting. 
Comment  is  made  on  this  matter  in  another  editorial. 


PROTECTING   WATER   PIPES   FROM    FREEZING   ON 
CONSTRUCTION  WORK. 

At  this  time  of  year  there  is  scarcely  a  contractor's  camp 
in  the  North  that  is  not  the  auditorium  for  a  variegated 
assortment  of  oaths  every  morning. 

"What's  the  matter,  Jack?" 

"Oh, to  pipes  is  froze  harder  than  the 

hinges  of 


Yet  there  are  usually  two  kinds  of  heat  insulators  in 
abundance  at  most  construction  camps — straw  and  ma- 
nure. The  latter  is  particularly  effective  in  preventing 
freezing  of  water  pipes,  for  in  fermenting  or  rotting  it 
gives  off  heat.  Manure  also  is  a  good  heat  insulator,  if 
kept  comparatively  dry. 

All  porous  heat  insulators,  like  sawdust,  straw,  manure, 
etc.,  should  be  protected  from  becoming  saturated  with 
water,  for  when  saturated  they  cease  to  retard  the  passage 
of  heat  appreciably.  So  a  water  pipe  insulated  with  straw, 
or  the  like,  should  be  protected  from  rain.  A  wrapping 
of  old  canvass,  preferably  oiled,  around  the  straw-clad 
pipe  is  an  almost  perfect  protection. 

Have  you  noticed  that  freezing  of  pipes  buried  in  the 
ground,  or  otherwise  insulated,  usually  occurs  at  a  joint 
in  the  pipe?  This  is  because  the  joint  has  been  leaking 
and  has  saturated  the  surrounding  earth,  or  other  insu- 
lator, with  water.  Water  itself  is  a  fairly  good  transmitter 
of  heat;  hence  if  the  insulating  material  becomes  sat- 
urated by  a  leaking  pipe  joint,  you  may  look  for  trouble 
there.  This  makes  it  exceedingly  important  to  stop  every 
leak  in  a  pipe  line  during  freezing  weather. 

Water  in-  rapid  motion  will  not  freeze  at  32  degrees — 
"the  freezing  point" — but  will  stay  liquid  at  several  de- 
grees below  that  point.  But,  what  is  equally  important,  if 
the  water  is  in  motion  in  the  pipes  a  new  supply  of  warmer 
water  is  constantly  arriving  at  any  exposed  place.  It 
takes  time  for  the  water  to  lose  its  heat,  and  before  there 
is  time  for  the  water  along  an  exposed  part  of  a  pipe  to 
freeze,  a  new  supply  of  warmer  water  has  arrived.  This  is 
the  reason  tliat  valves  or  spigots  are  often  left  open  to 
prevent  freezing.  This  is  also  the  reason  why  pipes  are 
not  so  apt  to  freeze  up  in  the  day  time  when  water  is 
being  drawn,  as  at  night  when  no  water  is  moving.  It 
will  often  pay  even  tc^  keep  a  pump  working  all  night  to 
prevent  pipes  from  freezing. 

It  is  rather  curious,  considering  the  simplicity  and  econ- 
omy of  the  method,  that  provision  is  not  more  often  made 
for  draining  pipes  at  night  or  whenever  the  water  is  not 
in  motion.  By  a  little  care  in  laying  the  pipes  so  that 
they  will  drain  toward  a  few  drain  valves  that  can  be 
readily  opened,  all  trouble  with  frozen  pipes  can  often  be 
avoided. 

Often  it  is  desirable  to  heat  water  well  above  the  freez- 
ing point,  so  that  it  may  stand  in  tanks,  or  pipes,  for  some 
time  without  freezing.  This  can  be  done  either  with  live 
steam  or  with  exhaust  steam,  led  directly  into  a  tank  of 
cold  water.  The  editor  once  had  a  camp  cook 
who  boiled  all  his  vegetables  in  a  barrel  of  water 
that  was  heated  with  steam  from  a  nearby  boiler. 
In  that  case  exhaust  steam  was  not  used,  for  the  cylinder 
oil  in  the  steam  would  have  flavored  the  vegetables  too 
highly  to  suit  the  epicurean  taste  of  the  gentlemen  of  Italy 
who,  although  fond  of  oil,  are  not  educated  to  the  Stand- 
ard Oil  variety. 


THAWING  FROZEN  GROUND. 

Frozen  earth  is  as  difficult  to  excavate  as  hardpan  or 
shale,  unless  it  can  be  undermined  or  thawed.  Under- 
mining is  frequently  impracticable  and  thawing,  as  usu- 
ally done,  is  either  very  slow  or  quite  expensive. 

Where  wood  or  brush  is  available  at  small  cost,  perhaps 
no  cheaper  way  of  quickly  thawing  ground  is  to  be  found 
than  to  build  small  bonfires  over  the  surface  and  feed 
them  continuously. 

In  trench  digging  small  steam  pipes  may  be  laid  along 
the  line  of  the  trench  and  kept  supplied  with  steam  from 
a  small  portable  boiler.  The  pipes  should  be  kept  well 
covered  with  straw  held  in  place  with  burlap  or  gunny- 
sack.  After  the  earth  has  thus  been  thawed  to  a  depth  of 
6  or  8  ins.,  dig  it  out  and  relay  the  steam  pipes  in  the 
trench  and  repeat  the  thawing  process. 

For  post  holes  or  shorT  trenches  quick  lime  is  perhaps 
the  most  effective  mean-;  of  thawing.  The  lime  is  laid 
over  the  earth,  wet  with  water  and  covered  with  straw. 
Fine  charcoal  spread  over  snow  will  "cut"  its  way  down 
quite  rapidly  on  a  sunny  day,  even  though  the  temper- 
ature of  the  air  is  very  low.  This  is  because  an.\i;hing 
black  absorbs  radiant  heat  and  reflects  none  of  it.  Char- 
coal not  only  absorb;  all  the  sun's  heat,  but  conducts  it 
fairly  well,  thus  warniinir  the  snow  beneath  it  till  ^t  melts. 
We  have  never  heard  of  this  principle  being  applied  in 
thawing  earth,  but  it  seems  worth  the  trial. 

There  is  another  principle  that  might  be  successful  in 
thawing  earth  over  small  areas,  such  as  post  holes  or 
short  trenches,  namely,  the  hot  house  principle.  Cover  the 
earth  with  a  shallow  wooden  box,  open  at  its  lower  end 
and  cover  with  window  glass  at  its  upper  end.  The 
sun's  rays  penetrate  the  glass,  but,  upon  striking  the 
earth  or  other  substance,  the  rays  change  their  wave 
length  and  are  unable  to  escape  back  through  the  glass 
with  the  rapidity  that  they  entered.  If  the  glass  is  double, 
with  an  air  space  between,  a  very  small  amount  of  heat 
that  is  trapped  in  this  manner  can  escape. 

Few  people  know  the  amount  of  heat  that  the  sun  deliv- 
ers to  the  earth  every  day.  When  the  sun's  rays  fall  per- 
pendicularly upon  an  area,  enough  heat  is  delivered  in  an 
hour  over  each  square  foot  to  melt  nearly  2  lbs.  of  ice. 
Why,  then,  it  may  be  asked,  does  not  the  sun  melt  snow 
very  rapidly?  Because  the  snow,  being  white,  reflects 
nearlv  all  the  sun's  rays. 


A  SUGGESTED  ANNUAL  JOINT  SHOW  OF  CIVIL 

ENGINEERING   AND  CONTRACTING 

EQUIPMENT  AND  MATERIALS. 

Many  manufacturers  have  expressed  dissatisfaction 
with  the  results  consequent  upon  exhibiting  their  prod- 
ucts at  annual  shows.  Some  have  ceased  exhibiting  and 
still  more  have  never  been  induced  to  exhibit  at  all.  Yet 
we  believe  that  relatively  few  manufacturers  doubt  the 
effectiveness  of  exhibiting  their  products,  provided  a 
large  number  of  interested  men  be  gathered  together 
to  view  them. 

The  problem,  therefore,  seems  to  be  mainly  one  of  at- 
tracting a  big  convention  of  engineers  and  contractors 
whose  object  is  to  study  the  products  of  manufacturers, 
and  to  do  little  else.  Given  the  problem,  how  can  it  best 
be  solved?  By  a  series  of  shows  of  specialized  products 
or  by  one  large  joint  exhibition  of  the  products  of  all 
manufacturers?  There  would  appear  to  be  but  one  an- 
swer. A  series  of  shows  in  one  city  not  only  involves  too 
much  time,  but  it  calls  for  an  unprecedented  speed  in 
dismantling  one  show  and  installing  its  successor. 

We  have  now  two  annual  waterworks  shows,  two  road 
shows,  one  cement  show  and  one  municipal  show — all 
held  at  different  places.  Yet  in  many  cases  the  very 
same  men  are  interested  in  some  of  the  exhibits  in  every 
one  of  these  shows.  There  are  several  other  shows  of 
more  or  less  civil  engineering  nature  held  annually. 

It  is  obvious  that  a  great  deal  of  energy  is  being  dis- 
sipated as  a  result  of  entire  absence  of  coordination  of 
all  these  annual  expositions. 
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The  latter  part  of  January  or  early  part  of  February 
is  the  ideal  time  for  a  show  intended  to  interest  the 
greatest  number  of  contractors  and  engineers.  The  ideal 
place  is  the  large  city  nearest  the  center  of  population, 
and  that  is  Chicago. 

The  attractive  power  of  a  single  large  show  of  all  the 
appliances,  supplies  and  machines  used  by  civil  engi- 
neers and  contractors  would  unquestionably  be  sufficient 
to  draw  several  thousand  men  together  every  year.  Every 
paper  reaching  these  men  would  gladly  assist  in  giving 
publicity  to  the  great  show.  Manufacturers  would  be 
likely  to  secure  orders  during  the  show  sufficient  to 
recompense  them  for  their  immediate  outlay,  but  of  great- 
er consequence  would  be  the  educational  effect  of  their 
e.xhibits.  The  possible  uses  of  labor-saving  machinery 
and  economic  materials  are  vastly  greater  than  the  pres- 
ent uses.  Actually  seeing  a  display  of  this  char- 
acter, and  listening  to  the  word  of  mouth  explanaticns,  is 
admittedly  effective. 

As  part  of  the  great  trek  toward  co-operative  effort, 
will  it  not  be  wise  to  consolidate  the  many  scattered  shows 
of  a  civil  engineering  nature  into  one  great  and  supreme- 
ly attractive  annual  exposition  at  the  hub  of  the  new 
America? 


A  HINT  ON  ECONOMIC  MOTOR  TRUCKING  OVER 
VERY  BAD  ROADS. 

Contractors  often  permit  motor-truck  drivers  to  operate 
at  speeds  of  10  to  20  miles  an  hour  over  very  rough  roads. 
The  result  is  great  wear  and  tear  on  the  truck  and  its  tires, 
also  the  truck  is  apt  to  be  out  of  commission  much  of  the 
time. 

Wiser  contractors  have  come  to  see  that  a  better  plan  is 
to  operate  over  bad  roads  at  low  speeds — 5  to  10  miles  an 
hour.  If  the  road  is  exceedingly  rough,  a  speed  of  5 
miles  an  hour  is  often  the  permissible  limit.  In  that  case 
it  may  be  advisable  to  use  a  trailer  with  steel  tires,  the 
truck  and  the  trailer  hauling  about  10  tons.  Working  two 
shifts  about  80  miles  can  be  covered  per  24  hr.  day,  deliv- 
ering a  total  of  40  tons,  pi'ovided  facilities  for  quick  load- 
ing (or  from  bins)  are  available. 

The  Haskins  Dolomite  Co.,  of  San  Francisco,  has  been 
operating  a  5-ton  White  truck  with  a  Troy  trailer  in  this 
manner.  The  distance  from  their  dolomite  quarry  to  the 
railway  is  10.5  miles,  and  the  truck  makes  four  round  trips 
every  24  hrs.,  working  two  shifts.  The  road  is  one  of  the 
worst  of  mountain  roads,  full  of  chuck  holes,  covered  with 
dust  often  6  ins.  deep,  with  grades  up  to  10  per  cent,  one 
of  which  10  per  cent  grades  is  1.5  miles  long.  The  truck 
requires  44  gals,  of  gasoline  and  4  gals,  of  oil  for  the  day's 
work  of  84  miles.  The  daily  operating  expense  is  about 
$30,  which  is  equivalent  to  7  ct.  per  ton-mile,  exclusive  of 
interest  and  depreciation,  but  inclusive  of  tire  renewals 
and  current  repairs. 

In  our  November  Excavation  and  Railway  Monthly  issue 
we  published  a  letter  from  Mr.  N.  A.  Eckart,  of  the  San 
Francisco  city  engineering  department,  in  support  of  the 
decision  of  that  department  that  motor-trucking  to  the 
projected  Hetch  Hetchy  dam  would  cost  more  than  build- 
ing and  operating  a  temporary  railway.  We  had  ques- 
tioned the  wisdom  of  that  decision,  and  had  said  that  we 
believed  motor-trucking  could  be  done  for  less  than  the 
15  ct.  per  ton-mile  estimated  cost  of  railroad  haulage.  We 
now  submit  the  experience  of  the  Haskins  Dolomite  Co.,  of 
San  Francisco,  in  support  of  our  statement  that  a  motor- 
trucking  cost  of  less  than  15  ct.  a  ton-mile  is  not  merely 
"the  estimated  cost  of  enthusiastic  automobile  salesmen," 
as  Mr.  Eckart  puts  it,  but  is  based  on  well  established 
experience. 


In  the  fiscal  year  1916,  20  new  water  power  projects 
which  utilize  national  forest  land  began  operation.  This 
was  an  increase  of  18\^  per  cent  in  the  total  number.  In 
the  fiscal  year  1915  the  number  of  new  projects  which 
began  operation  was  12.  Forty-two  per  cent  of  the  total 
developed  water  power  of  the  United  States  utilize  na- 
tional forest  land. 
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SUB-DRAINAGE  OF  WET  CUTS  WITH  VITRIFIED 
TILE  ON  MISSOURI  PACIFIC  SYSTEM. 

During  the  period  1905-1911  extensive  use  of  vitrified 
tile  was  made  by  the  Missouri  Pacific  System  for  drain- 
ing water  pockets  and  wet  cuts  along  its  lines.  In  all  714 
locations  were  worked.  Of  this  total  about  79  locations 
failed  to  give  benefit,  the  reasons  ascribed  for  the  failure 
being  (1)  tile  not  placed  at  sufficient  depth,  and  (2)  tile 
not  placed  in  proper  location.  In  order  to  determine  the 
value  of  the  tile  drainage  for  road  bed  an  investigation 
was  made  of  all  the  territory  which  had  been  worked  pre- 
viously. The  results  of  this  investigation  are  described 
by  W.  C.  Curd,  Drainage  Engineer  Missouri  Pacific  Ry. 
System,  in  the  Bulletin  of  the  American  Railway  Asso- 
ciation, from  which  the  following  notes  are  taken: 

In  the  conduct  of  the  investigation  locations  were  se- 
lected for  examination  where  grade,  soil,  rainfall  and 
others  conditions  were  widely  varied.  At  70  locations 
the  drains  were  uncovered  at  two  or  more  points  and  ex- 
amined for  line,  grade  and  signs  of  clogging.  In  the 
stretches  of  track  inspected  the  drains  varied  from  100 
to  3,000  ft.  in  length  and  were  at  depths  of  from  3  to  7 
ft.  below  base  of  rail. 

The  investigation  showed  a  remarkable  benefit  to  have 
been  derived  through  the  strengthening  of  roadbed  where 
drains  had  been  properly  installed  and  estimates  made 
from  most  reliable  information  obtainable  indicate  a  re- 
turn of  from  50  per  cent  to  200  per  cent  per  year  in  the 
decreased  cost  of  maintaining  line  and  surface  on  the 
short  pieces  of  track  which  were  drained. 

The  failures  reported  were  found  to  be  due  principally 
to  improper  installation,  particularly  with  reference  to 
depth  of  drain  to  the  moving  material  in  the  roadbed.  In 
these  locations  many  of  the  drains  were  forced  to  the 
surface  and  completely  filled.  In  those  locations  exam- 
'  ined  where  proper  methods  of  installation  had  been  fol- 
lowed, the  line  and  grade  of  tile  was  intact  and  entirely 
free  of  sediment  or  evidences  of  clogging. 

The  data  gathered  in  the  investigation  dispels  much  of 
the  doubt  previously  existing  both  as  to  the  pei-manency 
of  the  drains  and  the  benefit  derived  from  them. 

Mr.  Curd  does  not  believe  it  can  be  found  that  tile 
drains  will  produce  a  direct  saving  in  dollars  and  cents 
in  track  maintenance,  but  the  benefit  would  seem  to  lie 
in  the  development  of  more  efficient  track  in  locations 
where  it  was  formerly  found  to  be  impossible  to  main- 
tain good  track.  The  benefit  comes  from  the  removal  of 
slow  orders  and  a  more  even  distribution  of  the  time  of 
the  section  forces  over  their  territory.  In  some  cases  it 
has  resulted  in  an  actual  decrease  of  section  forces,  but 
this  is  an  exception  rather  than  a  rule. 

Conclusions  drawn  from  the  Missouri  Pacific  experi- 
ence indicate  if  tiling  be  installed  in  accord  with  the  fol- 
lowing requirements,  the  greatest  permanency  and  benefit 
will  be  assured: 

Drains  should  be  laid  with  bell  end  vitrified  salt  glazed 
sewer  pipe  of  minimum  diameter  of  6  in.  with  unsealed 
joints. 

The  top  of  tile  should  be  placed  1  ft.  below  frost  line 
and  a  minimum  distance  of  1  ft.  below  unstable  or  mov- 
ing material.  Depth  in  each  case  should  be  carefully 
determined  by  test  holes  or  inspecting  excavation. 

Tile  should  be  laid  to  grade  established  by  level  and 
with  all  fall  obtainable. 

Location  of  center  line  of  tile  should  be  parallel  to  and 
from  4  ft.  6  in.  to  7  ft.  from  center  line  of  track. 

Tile  should  be  placed  directly  on  bottom  of  trench. 
After  it  is  laid  to  line  and  grade,  and  before  backfilling,  it 
should  be  covered  with  straw,  grass  or  some  such  ma- 
terial to  prevent  loose  particles  in  backfilling  from  enter- 
ing the  joints. 

Trenches  should  be  backfilled  with  cinders,  with  coarse 
material  placed  directly  around  and  over  the  tile.  Where 
walls  of  trench  show  signs  of  distortion  frona  passing 
loads,  sufficient  quantity  of  riprap  or  coarse  stone  should 
be  mixed  with  the  cinders  to  brace  the  walls. 

Pockets  under  track  should  be  tapped  with  cinder-filled 
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lateral  trenches,  and  connected  into  tile  drain  trench,  but 
without  connection  with  tile  drain  except  through  the  un- 
sealed joints. 

Remove  all  surface  water  from  cuts  by  intercepting 
and  side  ditches,  otherwise  tile  drain  may  be  overtaxed 
and  eventually  fail  entirely. 

After  drains  have  been  installed  it  is  essential  to  main- 
tain free  outlets  to  prevent  backing  water  into  tile. 

The  ends  of  drains  should  be  surrounded  and  supported 
by  concrete  or  dry  masonry  to  guard  against  underwash. 

To  prevent  small  animals  from  entering  tile,  the  outlet 
should  be  protected  by  rods  or  grating. 

Failures  of  drains  come  from  following  causes: 

Insufficient  depth  below  moving  material. 

Shifting  grade  or  alignment  causing  joints  to  open. 

Insufficient  grade  to  provide  proper  flow. 

Location  of  drain  in  impervious  ftiaterial  without  pro- 
viding adequate  means  for  tapping  saturated  material 
with  lateral  drains  or  cross  trenches. 

Distortion  of  walls  of  trenches. 

Tile  drainage  is  not  a  panacea  for  all  wet  cuts  and  its 
use  is  not  recommended  without  a  complete  knowledge 
of  the  conditions  to  be  corrected.  When  these  are  known 
and  proper  methods  of  installation  are  applied  much  bene- 
fit is  reasonably  sure  to  follow. 


HANDLING  SAND  AND  GRAVEL  AT  A  COST  OF 
1.7  CT.  PER  CUBIC  YARD. 

A  very  interesting  example  of  the  economical  handling 
of  bulk  material  with  a  clam  shell  bucket  is  afforded  by  a 
recent  dock  installation  at  Buffalo,  N.  Y.,  for  the  Niagara 
Sand  Corporation. 

A  wide-gage  traveling  derrick  of  the  steam  Whirley 
type  was  equipped  with  a  2ii-yd.  wide,  opening  scraper 
type,  Blaw  clam  shell  bucket,  as  shown  in  accompanying 
photograph.      This   equipment   handles    sand   and   gravel 


Sand   and   Gravel   Unloading   Outfit  of  the  Niagara  Sand  Corporation. 

which  is  previously  pumped  into  the  steam  barge  Penn- 
sylvania, which  has  a  rated  capacity  of  600  yds. 

Careful  cost  records,  which  have  been  kept,  show  that 
the  average  barge  load  is  620  yd.  and  the  unloading  time 
4  hours  and  10  minutes,  or  a  gain  in  unloading  time  of 
1  hour  and  40  minutes  over  best  previous  unloading  time. 

The  following  analysis  of  the  costs  of  this  operation 
are  based  on  original  cost  of  derrick,  average  amount  of 
material  handled  per  10-hour  day  1,500  yd.  and  250  days 
per  year,  making  375,000  yd.  in  all. 

Depreciation  at  2  per  cent  (•$2001 tn  rioo';-; 

Interest  at  6  per  cent  (JGOO) 00160 

Labor nnsnc 

Maintenance    XXji? 

Cost   of  fuel.   oil.   etc .'.'."■'.'.'.'.'.".'!.'.' ■!.' i.' .'.','.■.■.■.■.■.' !     ioOBlO 

$0.0173:. 

The  clam  shell  which  accomplished  these  results  is  the 
Blaw  bucket,  manufactured  by  the  Blaw  Steel  Construc- 
tion Co.,  Pittsburgh,  Pa. 
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MOTOR  TRUCK   FOR  EXCAVATING,   BACKFILL- 
ING AND  TAMPING  TRENCHES. 

The  San  Diego  Consolidated  Gas  &  Electric  Co.  of  San 
Diego,  Cal.,  is  using  a  motor  truck  for  many  of  the  opera- 
tions in  connection  with  the  extension  of  its  gas  mains. 
On  one  recent  14,000-ft.  installation  of  2-in.  pipe  it  was 
employed  to  excellent  advantage  in  excavating  the 
trenches,  in  backfilling  them  and  in  tamping  them. 

The  14,000  ft.  extension  offered  an  unusually  difficult 
job  of  pipe  laying.  The  line  was  over  rolling  ground  and 
through  a  soil  composed  of  adobe  in  which  were  a  large 
number  of  small  boulders  and  cobblestones.  The  work 
was  done  in  July  and  the  last  rain  had  taken  place  early 
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Plow    Attaclned    to    Motor    Truck   for    Trench    Excavation. 

in  March.  On  account  of  the  dryness  of  the  ground  the 
digging  was  extremely  hard. 

A  single-point  plow  without  a  mole  board  was  used 
in  the  trenching.  This  plow  was  attached  to  the  motor 
truck  underneath  the  axle  in  such  a  manner  that  the  front 
end  was  held  down  by  the  weight  of  the  truck.  The  depth 
of  the  cut  was  regulated  by  means  of  a  shoe  placed  a 
short  distance  from  the  end  of  the  plow.  Four  furrows 
were  plowed.  In  the  last  two  the  beam  of  the  plow  was 
practically  level  with  the  ground,  so  there  was  nothing 
left  to  do  but  shovel  out  the  dirt.  On  ordinary  digging 
one  man  operated  the  plow  and  all  he  had  to  do  was  to 
ioossn  it  up  in  case  it  was  pulling  too  heavy  on  the  truck. 

The  company  has  lately  devised  a  plow  having  a  double 
point  and  a  mole  board,  which  it  is  hoped  will  not  only 
dig  the  trench  but  also  will  clear  out  the  greater  part  of 
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DIgg  ng    in    Hard    Ground. 

the  earth.  Experiments  with  this  device  have  not  been 
entirely  successful  as  yet,  but  it  is  believed  that  within 
a  short  time  an  arrangement  can  be  perfected  whereby 
the  desired  results  will  he  obtained.  On  one  occasion 
when  plowing  in  sandy  loam  the  experimenters  were  able, 
by  the  use  of  the  new  plow  and  excavator  propelled  by 
the  motor  truck,  to  dig  a  2  ft.  trench  and  to  remove  from 
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it  at  least  two-thirds  of  the  dirt,  the  balance  being  han- 
dled by  shovels. 

The  backfilling  was  accomplished  by  means  of  a  filling 
board  attached  to  the  truck.  This  board  had  a  steel 
shoe  and  was  attached  to  the  truck  by  a  chain  between 
the  front  of  the  truck  and  the  outside  of  the 
shoe,  by  a  chain  from  the  firsts, standard  of  the  truck  to 
the  inside  of  the  board,  and  by  a  pipe  with  a  shoe  on 
the  end  fastened  to  the  truck  so  it  had  a  vertical  motion. 
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Method   cf  Back  Filling   with   Board   Fastened  to  Truck. 

The  shoe  was  for  the  purpose  of  keeping  the  filling 
board  from  digging  into  the  ground  underneath  the  truck. 

The  trench  was  tamped  by  driving  the  truck  over  it,  a 
very  satisfactory  job  resulting. 

D.  J.  Young  is  Superintendent  Gas  Department  of  the 
San  Diego  Consolidated  Gas  &  Electric  Co. 


HANDLING    HEA\^    PIECES    IN    ERECTING 
STEAM  SHOVEL. 

A  useful  labor  and  time  saving  device  for  erecting  a 
standard  railroad  type  shovel  is  described  by  Mr.  George 
\V.  Williams  in  a  recent  issue  of  the  E.xcavating  Engineer. 
The  arrangement  consists  of  a  jib  crane  constructed,  as 
shown  in  the  accompanying  sketch,  by  attaching  a  piece 
of  8.x8-in.  X  10-ft.  timber  to  the  A-frame  collar,  which  will 
act  as  a  center  pintle,  so  that  the  timber  can  be  swung 
around  in  any  position.  Attach  chain  falls  or  block  and 
tackle  at  any  convenient  point  on  the  timber  jib  and  heavy 
parts  such  as  jack  arms,  sheaves,  chains,  etc.,  can  be 
handled  with  ease.     Parts  can  be  lifted  from  the  idler 


Jib  Crai-.e  for   Haiidling   Jack   Arms,  Sheaves,   Etc. 


car  and  placed  in  position  alongside  the  shovel  and  jack 
arms  put  in  place  on  the  shovel  without  any  trouble. 

To  get  the  timber  up  on  the  roof  of  the  shovel  and  attach 
it  to  the  A-frame  collar  is  a  comparatively  simple  matter. 
Fasten  two  ropes  to  the  running  board  on  the  roof.  Drop 
the  bight  of  both  lines  to  the  ground  and  place  the  tim- 
ber in  them.  Two  men  on  the  roof  can  easily  roll  it  up. 
Swing  the  A-frame  collar  parallel  to  the  shovel  and  place 
one  end  of  the  timber  on  it,  supporting  the  other  end  on 
the  roof  of  the  shovel  by  blocking  of  the  proper  height. 
Bolt  the  timber  securely  to  the  collar  and  you  will  have  a 
very  simple  and  practical  crane.  A  piece  of  T  rail  can 
be  used  if  a  timber  is  not  available. 
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A   $100,000,000   RAPID  TRANSIT   DEVELOPMENT 
FOR  CHICAGO. 

An  expenditure  of  about  $100,000,000  during  the  next 
9  years  for  improvements  to  the  transit  facilities  of  Chi- 
cago is  recommended  by  the  City  Traction  and  Subway 
Commission.  This  initial  9-year  construction  program 
will,  it  is  estimated,  increase  the  present  rapid  transit 
facilities  to  2',2  times  the  present  rush-hour  schedule.  It 
will  provide  for  the  construction  of  11.1  single  track  miles 
of  double  track  subway  of  which  6  miles  are  for  rapid 
transit  and  5.1  miles  for  surface  cars;  64^/2  single  track 
miles  of  elevated  lines,  150  miles  of  new  surface  lines, 
and  111  miles  of  rehabilitated  surface  track.  In  order  to 
provide  a  comprehensive  system  of  rapid  transit  in  1950 
an  ultimate  expenditue  of  $260,000,000  is  proposed.  This 
outlay,  it  is  estimated,  will  build  53  miles  of  rapid  tran- 
sit subways,  5  miles  of  surface  car  subways,  158  miles 
of  elevated  roads  and  525  miles  of  surface  car  line. 

The  initial  construction  program  is  divided  in  three- 
year  periods  and  it  is  assumed  that  work  can  be  started 
during  the  summer  of  1917.  In  order  to  do  this  it  will  be 
necessary  for  a  prompt  acceptance  of  the  plans  by  the 
city  and  the  railroad  companies  and  the  obtaining  of  the 
necessary  enabling  legislation  in  time  for  a  referendum 
vote  at  the  election  next  April.  The  proposed  9-year  con- 
struction program  follows: 

First  Three-Year  Period,  1917-1920. 

1.  Commence  immediately  the  construction  of  a  two- 
track  subway  under  State  St.,  from  a  junction  with  the 
South  Side  Elevated  at  Eighteenth  St.,  and  running 
thence  north  to  Chicago  Ave.,  thence  west  to  a  junction 
with  the  Northwestern  Elevated  structure,  $10,350,000. 

2.  Construct  surface  car  subways  under  Washington 
St.  and  Jackson  St.  to  Michigan  Ave.  or  Grant  Park,  con- 
necting with  the  existing  West  Side  street  car  tunnels, 
$7,181,750. 

3.  Lengthen  platforms  on  elevated  stations,  taking  first 
the  lines  with  the  present  heaviest  traffic  so  as  to  obtain 
additional  capacity  at  the  earliest  possible  date,  $1,306,- 
400. 

4.  Construct  immediately  a  two-track  elevated  exten- 
sion south  from  Van  Buren  St.  over  Fifth  Ave.  and  east 
over  Polk  and  Eighth  Sts.,  connecting  with  South  Side 
Elevated,  $810,060. 

5.  Extend  the  present  stub  terminal  over  N.  Water  St. 
east  to  State  St.  and  south  on  State  to  the  present  loop 
station  over  Lake  St.,  including  a  new  river  bridge  on 
State  St.,  $1,029,940. 

6.  Extend  Market  St.  elevated  line  south  from  Madi- 
son St.  to  connect  with  the  Fifth  Ave.  terminal  of  the 
Metropolitan  Elevated,  including  additions  to  Fifth  Ave. 
terminal,  $658,030. 

7.  Add  fourth  track  to  South  Side  Elevated  from  the 
Eighteenth  St.  junction  with  the  new  subway  to  Forty- 
third  St.  and  a  third  track  extending  from  Forty-third 
St..  including  real  estate  for  right  of  way,  $3,926,100. 

8.  Add  third  and  fourth  tacks  to  Oak  Park  Elevated 
from  Market  St.  to  Paulina  St.,  $1,361,600. 

9.  Add  a  third  track  on  Metropolitan  Elevated  from 
Lake  St.  to  Robey  St.  and  rebuild  Lake  St.  junction  to 
form  a  physical  connection  and  allow  running  of  Logan 
and  Humboldt  trains  over  Lake  St.  east  of  this  junction, 
$1,196,000. 

10.  Add  a  third  track  on  Douglas  Park  branch  from 
Marshfield  Ave.  station  to  Twentieth  St.,  $678,500. 

11.  Allow  for  terminal  transfers  from  surface  to  ele- 
vated lines  in  this  period,  $1,026,950. 

12.  Add  a  third  track  connection  on  Northwestern  Ele- 
vated from  Wilson  Ave.  to  existing  third  track  north  of 
Argjie,  $115,000. 

13.  Add  a  third  track  on  Oak  Park  Elevated  from  Pau- 
lina St.  to  Campbell  Ave.  in  order  to  complete  an  express 
track  from  Crawford  Ave.  to  river,  $290,950. 

14.  Add  a  third  track  on  Garfield  branch  from  .Marsh- 
field  Ave.  to  Sacramento  boulevard  for  express  service 
to  this  point,  $879,750. 

15.  Construct  a  new  two-track  line  from  Logan  Square 
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to   Irving   Park  Blvd.,   including   new  terminal   yards   at 
the  latter  point,  |2,201,100. 

16.  Construct  a  new  two-track  line  as  an  extension  of 
the  Humboldt  Park  branch  to  Grand  Ave.  with  terminal 
yards,  $871,700. 

17.  Construct  a  new  two-track  surface  line  connecting 
Oak  Park  and  Garfield  Park  branches  beyond  their  pres- 
ent western  terminals,  including  storage  yards  in  Forest 
Park,  $701,500. 

18.  Construct  a  new  two-track  elevated  structure  on 
or  parallel  to  Ashland  Ave.,  from  Twentieth  St.  on  the 
Douglas  Park  branch  to  Si.xty-ninth  St.  and  Ashland  Ave., 
including  terminal  yards,  $5,944,350. 

19.  Construct  a  new  two-track  elevated  connection  be- 
tween the  new  Ashland  Ave.  branch  and  the  Englewood 
and  the  stockyards  branches,  $430,100. 

20.  Construct  Marshfield  Ave.  junction  to  eliminate 
grade  crossings  and  to  allow  of  improved  transfer  facili- 
ties, $345,000. 

21.  Realign  tracks  and  con-struct  a  new  station  at  Di- 
vision St.  on  Northwestern,  $333,500. 

Fifteen  per  cent  for  engineering,  legal  expenses,  con- 
tingencies and  interest  during  construction  has  been  al- 
lowed in  each  of  the  above  items. 

22.  Rolling  stock  required  for  additional  rapid  transit 
lines,  including  overhead,  $9,497,000. 

23.  Surface  lines  requirements,  additional  tracks,  roll- 
ing stock,  etc.,  including  overhead,  $9,417,420. 

Total  estimated  cost,  first  three-year  period,  $60,533,000. 

The  above  ^estimate  does  not  include  the  cost  of  power- 
houses or  substations  for  rapid  transit  lines,  but  does  in- 
clude substations  for  surface  line,  it  being  assumed  that 
the  corporation  will  continue  to  purchase  all  its  power. 

Second   Three-Year   Period,    1921-1923. 

1.  Construct  a  surface  car  subway  from  Fourteenth  St. 
and  Indiana  Ave.  connected  with  the  proposed  Illinois 
Central  station  to  and  under  Grant  Park  or  Michigan 
Ave.  to  connect  with  the  other  surface  car  subways, 
$2,185,000. 

2.  Eliminate  grade  crossings  on  Fifth  Ave.  side  of 
Union  Loop  and  rearrange  stations  for  new  operation, 
$791,200. 

3.  Complete  the  realignment  of  the  Northwestern  tracks 
at  Halsted  St.  and  North  Ave.  to  reduce  the  delays  on  ac- 
county  of  heavy  curvature,  $632,500. 
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10.  Add  a  third  track  to  the  Garfield  Park  branch  from 
Sacramento  Blvd.  to  Laramie  Ave.,  $1,002,800. 

11.  Add  a  third  track  to  Douglas  Park  branch  from 
Twentieth  St.  to  Clifton  Park  station,  $947,600. 

12.  Complete  the  connections  between  Oak  Park  and 
Garfield  Park  branches  and  storage  yards,  $448,500. 

13.  Construct  the  connection  from  Robey  St.  on  the  Lo- 
gan Square  branch  to  the  Ravenswood  branch  at  Roscoe 
St.,  $1,958,450. 

14.  Add  a  third  track  to  the  Metropolitan  Elevated  from 
Marshfield  Ave.  station  to   Lake   St.,   $287,500. 

Fifteen  per  cent  for  contingencies,  engineering,  legal 
expense  and  interest  during  construction  have  been  in- 
cluded in  each  of  the  above  items. 

15.  Rolling  stock  for  rapid  transit  lines,  including  over- 
head, $3,217,000. 

16.  Surface  line  requirements,  additional  tracks,  roll- 
ing stock,  etc.,  including  overhead,  $8,018,000. 

Total  estimated  cost,  second  three-year  period,  $24,- 
516,300. 

Third  Three- Year  Period,  1924-1926. 

The  expenditures  in  the  third  period  are  for  additions 
to  the  rolling  stock  of  both  the  rapid  transit  and  surface 
lines  and  extensions  of  the  surface  lines,  principally  as 
feeders  in  the  outlying  districts  to  the  rapid  transit  sys- 
tem developed  in  the  first  two  periods.  Estimated  cost, 
including  overheard,  $11,302,000. 

The  grand  total  cash  requirements  for  the  above  sched- 
ules of  the  three  construction  periods  are  $96,371,300. 

The  final  report  of  the  Commission,  which  consists  of 
William  Barclay  Parsons,  and  Robert  Ridgeway  of  New 
York,  and  Bion  J.  Arnold,  of  Chicago,  will  be  submitted 
to  the  City  Council  some  time  this  month.  The  figures 
given  in  this  article  are  taken  from  a  partial  report  made 
public  early  in  December. 
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MACHINE    SPREADING    IN    TRACK    ELEVATION 
WORK. 

The  Illinois  Central  R.  R.  at  present  has  some  very  in- 
teresting track  elevation  operations  under  way  between 
96th  St.  and  120th  St.  in  the  city  of  Chicago.  The  work 
provides  for  the  elevation  of  six  tracks  to  a  height  of  14 
to  16  ft.  This  particular  portion  of  the  general  track  ele- 
vation   scheme    of   the    railway    involves   the    placing   of 
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4.  Add  a  third  track  to  Ravenswood  branch  of  the 
Northwestern  Elevated  and  eliminate  grade  crossing  at 
Clark  St.,  $1,273,000. 

5.  Add  a  fourth  track  to  the  South  Side  Elevated  from 
Forty-third  St.  to  Sixty-third  St.,  $1,124,700. 

6.  Add  a  fourth  track  to  the  Metropolitan  Elevated  from 
Lake  St.  to  Robey  St.,  $787,750. 

7.  Add  a  fourth  track  to  the  Metropolitan  Elevated  from 
Marshfield  Ave.  station  to  Twentieth  St.,  $724,500. 

8.  Add  a  third  track  to  Logan  Square  branch  from 
Robey  St.  to  Logan  Square,  $715,300. 

9.  Add  a  third  track  on  the  Oak  Park  Elevated  from 
Crawford  Ave.  to  Laramie  Ave.,  $402,500. 


some  700,000  cu.  yd.  of  sand  fill,  requiring  the  use  of  9,000 
ft.  of  trestle  over  streets  and  11,500  ft.  of  construction 
trestle. 

The  filling  material  is  obtained  at  Dune  Park,  Ind.,  and 
is  hauled  to  the  work  in  cars,  and  then  plowed  off  the  cars 
on  the  trestle.  Each  train  consists  of  30  cars,  the  capacity 
of  the  cars  ranging  from  36  to  38  cu.  yd. 

This  materialis  spread  by  means  of  a  Jordan  spreader. 
Five  to  six  train  loads  are  dumped  and  spread  by  this 
means  in  a  10-hour  day. 

The  force  engaged  on  the  track  elevation  work  consists 
of  80  bridgemen  and  200  track  men.  Two  to  three  men 
are  employed  on  the  spreader. 
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THE    PRIMING    OF    CHARGES    AND    FIRING   OF 
BLASTS. 

Contributed  by  Thomas  M.  Knight. 

Explosives  are  divided  into  two  classes — deflagrating 
and  detonating.  The  deflagrating  class  require  a  spark 
or  flame  to  explode  or  fire  them,  while  the  detonating 
ones  are  fired  by  means  of  a  shock  or  concussion  caused 
by  an  intermediate  agent  such  as  a  blasting  cap  or  elec- 
tric blasting  cap. 

A  good  example  of  a  low  or  deflagrating  explosive  is 
blasting  powder,  while  dynamites,  gelatine,  and  permis- 
sibles  are  the  principal  high  or  detonating  ones. 

The  deflagrating  explosives  are  generally  exploded  by 
the  spark  from  a  fuse,  electric  squib,  or  flame  from  the 
primer  of  some  high  explosive.  Of  these  methods,  the 
one  employing  the  electric  squib  is  probably  the  most  sat- 
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cially  if  the  charge  of  powder  be  a  long  one,  the  ex- 
plosion starts  at  one  end  and  works  towards  the  other, 
thereby  reducing  the  force  of  the  explosion. 

In  exploding  a  charge  of  blasting  powder  with  the 
primer  of  some  high  explosive,  the  primer  is  inserted  in 
the  center  of  charge  of  powder,  as  in  the  case  of  the 
electric  squib,  and  is  fired  electrically.  The  flame  caused 
by  the  explosion  of  the  primer  fires  the  charge.  This  is 
a  very  satisfactory  method  of  firing  and  one  that  is  em- 
ployed exclusively  when  firing  low  powder  or  railroad 
powder. 

In  firing  the  high  or  detonating  exitlosives  the  primary 
intermediate  agent  is  the  blasting  cap.  This  blasting  cap 
is  a  small  copper  tube  containing  a  powerful  detonating 
substance.  The  substance  is  exploded  by  a  spark  and  the 
spark  brought  to  it  either  by  fuse  or  electrically. 

In  firing  high  explosives  the  detonating  agent  must  be 
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Figs.    1-7 — Methods   of    Preparing    Cartridges    for    Blasting. 


isfactory.  These  electric  squibs  are  small  pasteboard 
cylinders  containing  an  ignition  charge,  with  two  wires 
attached  to  one  end  and  a  cork  in  the  other  to  keep  out 
the  moisture.  The  cork  is  removed  before  firing.  They 
are  fired  with  an  electric  blasting  machine,  and  in  firing 
a  small  flame  spits  out  which  ignites  the  powder  charge. 
The  same  principle  is  true  when  firing  a  powder  charge 
by  means  of  a  fuse  • —  the  flame  or  spark  fires  the  pow- 
der. While  the  fuse  method  is  used  quite  extensively,  it 
is  not  so  satisfactory  as  the  electric  squib.  With  the  elec- 
tric squib  the  exact  time  of  the  explosion  is  at  the  will 
of  the  blaster  (as  it  must  be  fired  with  a  blasting  ma- 
chine) and  it  is  not  fired  until  everything  is  ready  and 
everyone  at  a  safe  distance,  while  with  the  fuse  method 
of  ignition  the  time  of  explosion  is  uncertain,  and  there 
is  more  or  less  chance  of  misfires  with  their  attending 
dangers.  With  the  electric  squib  a  misfire  is  practically 
impossible. 

In  firing  with  the  fuse,  one  end  is  placed  in  the  pow- 
der cartridge  and  the  other  comes  out  or  up  through  the 
bore  hole.  In  making  a  blasting  powder  primer  with  an 
electric  squib  a  paper  bag  or  shell  is  half  filled  with 
powder,  the  squib  is  inserted,  the  bag  is  then  filled  with 
powder,  and  the  neck  securely  tied.  Where  several  bags 
or  paper  shells  of  powder  are  used,  this  primer  is  placed 
in  the  center  of  them.  In  this  manner  the  explosion 
starts  from  the  center  and  the  force  of  it  is  expended  in 
all  directions,  while  in  the  case  of  firing  with  a  fuse,  espe- 


of  sufficient  strength  to  quickly  and  completely  detonate 
the  explosive.  If  the  concussion  caused  by  the  detonator 
is  insufficient,  less  force  is  developed  by  the  explosives 
and  naturally  a  greater  quantity  must  be  used.  Then 
again,  when  high  explosives  are  insufficiently  detonated, 
poisonous  gases  are  thrown  off  which  are  very  sickening 
in  open  work  and  oftentimes  fatal  when  inhaled  in  close 
work.  The  cost  of  the  strongest  grades  of  detonators  is 
so  trifling  in  comparison  with  the  cost  of  explosives,  that 
it  pays  to  use  only  the  best  and  strongest  to  insure  the 
maximum  results. 

In  priming  a  cartridge  of  dynamite  with  blasting  cap 
and  fuse,  the  fuse  is  first  cut  to  the  desired  length.  Care 
is  taken  to  see  that  the  cut  is  square  and  clean  to  enable 
the  fuse  to  go  into  the  blasting  cap  as  far  as  possible. 
The  fuse  is  then  pressed  gently  into  the  blasting  cap 
and  crimped  on  (see  Fig.  1)  with  a  pair  of  cap  crimpers. 
This  fastens  the  blasting  cap  and  fuse  together  firmly. 
Other  methods  of  crimping,  such  as  with  the  teeth  or  a 
knife,  are  absolutely  condemned.  They  not  only  do  a 
poor  job,  but  are  extremely  dangerous  as  well. 

The  blasting  cap  and  fuse  is  then  inserted  in  the  cart- 
ridge of  dynamite.  This  is  best  done  by  one  of  two 
methods — inserting  the  blasting  cap  in  the  side  of  cart- 
ridge or  in  the  end.  When  using  the  first  method  a  diagonal 
hole,  pointing  downward,  is  punched  in  the  cartridge 
with  the  handle  of  the  cap  crimper  (see  Fig.  2),  and  of 
sufficient  depth  to  contain  the  entire  blasting  cap.     The 
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blasting  cap  should  be  as  straight  up  and  down  as  pos- 
sible, as  the  greatest  effect  of  the  detonator  is  straight 
away  from  its  loaded  end  and  in  a  line  with  its  longest 
axis.  A  string  is  then  tied  around  the  fuse  (Fig.  3)  and 
the  operation  is  completed  by  tying  the  string  around 
the  cartridge  (Fig.  4).  Fig.  5  shows  a  completed  primer 
ready  to  load. 

In  the  other  method  the  paper  on  the  end  of  the  car- 
tridge is  folded  back  and  a  hole  of  sufficient  depth  and 
diameter  to  accomodate  the  blasting  cap  is  punched  in 
the  end  of  the  cartridge  (Fig.  6).  The  blasting  cap  and 
fuse  is  then  inserted  and  the  paper  on  top  of  end  of  the 
cartridge  firmly  pressed  back.  A  cord  is  then  tied  around 
the  cartridge  and  fuse  and  the  cartridge  is  ready  to  fire. 
This  method  has  the  advantage  over  the  other  one  inso- 
much that  the  blasting  cap  is  pointed  directly  down  into 
the  charge. 

The  electric  blasting  cap  is  the  same  as  the  ordinary 
blasting  cap  except  that  it  is  closed  at  both  ends  and  the 
detonating  charge  is  fired  electrically  instead  of  by  a 
fuse. 

When  priming  with  an  electric  blasting  cap  either  of 


see  and  dodge  any  flying  fragments  that  might  come 
his  way. 

Electric  blasting  practically  eliminates  the  danger  of 
delayed  shots  or  misfires  and  is  especially  recommended 
where  the  blasts  are  near  where  there  is  travel. 

If  it  happened  that  the  supply  of  electric  blasting  caps 
ran  out  unexpectedly,  an  improvised  one  may  be  made 
as  follows: 

Take  a  blasting  cap  and  insert  the  open  end  in  the 
cylinder  of  an  electric  squib  and  proceed  the  same  as  if 
it  were  an  electric  blasting  cap.  When  firing,  the  spit 
of  flame  from  the  electric  squib  explodes  the  detonating 
substance  in  the  blasting  cap.  This  method  is  not  rec- 
ommended except  in  extraordinary  cases  on  account  of 
the  additional  expense  and  awkwardness  in  handling. 


Fig.  8 — Method   of   Making   Connections  for   Electric   Firing. 

the  two  methods  just  mentioned  may  be  employed.  There 
is,  however,  a  quicker  way  which  is  a  favorite  one  with 
many  blasters  when  using  electric  blasting  caps.  A 
slanting  hole  is  first  punched  from  the  center  of  the  end 
of  the  cartridge  so  that  it  will  come  out  two  or  three 
inches  down  on  the  side.  The  electric  wires  attached  to 
the  electric  blasting  cap  are  doubled  over  and  the  looped 
wires  shoved  through  this  hole.  These  wires  are  then 
looped  around  the  cartridge  (Fig.  7)  and  another  hole 
is  made  in  the  end  of  the  cartridge  a  little  to  one  side  of 
the  first  hole  and  straight  down.  In  this  second  hole  the 
electric  blasting  cap  is  inserted  and  the  slack  taken  up  in 
the  wires,  then  drawn  fairly  tight.  This  gives  a  primer 
where  the  electric  blasting  cap  itself  is  pointed  down- 
ward in  the  cartridge  and  where  the  wires  do  not  cross 
at  any  place. 

A  half  hitch  with  the  wires  themselves  should  never 
be  taken  around  the  cartridge  on  account  of  the  liability 
of  breaking  the  insulation  and  causing  a  short  circuit. 

In  firing  a  blast  by  means  of  a  blasting  cap  and  fuse 
care  should  be  observed  to  cut  the  fuse  long  enough  to 
enable  the  operator  to  reach  a  safe  distance.  Fuse  burns 
on  an  average  of  2  ft.  per  minute  and  a  variation  of 
at  least  10  per  cent,  should  be  allowed.  In  case  of  a 
misfire  an  examination  should  not  be  made  for  several 
hours,  as  detonations  from  hangfires  often  occur. 

In  using  the  electric  method  of  firing  the  charges  are 
connected  up  so  as  to  make  a  complete  circuit  (see  Fig. 
8).  The  wires  should  never  be  connected  to  the  blast- 
ing machine  until  everyone  is  at  a  safe  distance  and  it 
is  time  to  fire  the  charge  or  charges.  The  operator  of 
the  blasting  machine  should  be  at  a  safe  distance  from 
the  blast  and  preferably  in  the  open  so  as  to  be  able  to 


USE  OF  WATER  JET  IN  PUTTING  DOWN  PILES. 

A  committee  of  the  American  Railway  Bridge  and 
Building  Association  has  been  compiling  information  on 
the  methods  employed  by  the  various  railways  in  driving 
piles.  Of  the  56  railways  reporting,  about  50  per  cent, 
stated  that  the  water  jet  was  in  successful  use  under 
proper  conditions.  But  one  failure  was  reported  and  that 
was  ascribed  to  the  small  size  of  the  pump.  The  favorable 
conditions  for  jetting  were  considered  to  be  sandy  soil  or 
grpvel  and  for  deep  penetration. 

The  practice  of  the  New  York  Central  R.  R.  (Lines 
West)  is  typical  of  the  railways  reporting  and  is  quoted 
below: 

We  sometimes  use  a  water  jet  to  drive  piles  in  sand,  where  it  can 
be  done  advantageously  without  endangering  the  track,  and  where 
there  is  an  abundant  water  supply  and  opportunity  for  the  waste 
water  to  run  away  without  causing  trouble.  For  jetting  we  use  a 
pump  of  sufficient  capacity,  placed  near  a  stream  or  other  body  of 
water  when  at  hand,  or  else  on  the  driver  tank,  and  pump  from  the 
tank  to  the  jet.  The  object  of  the  tank,  which  is  kept  filled  from 
the  nearest  available  supply,  is  to  have  an  abundant  quantity  of 
water  for  quick  u.se.  We  use  a  2% -in.  hose  with  a  2-in.  iron  pipe 
jet  30  to  40  ft.  long,  with  the  lower  end  drawn  down  to  a  diam- 
eter of  about  iVi  in.  to  serve  as  a  nozzle.  The  jet  with  the  water 
running  is  lowered  dow^i  into  the  ground,  forcing  the  sand  out  as  it 
goes  down,  to  a  depth  which  is  sufficient  to  take  the  pile  with  just 
enough  driving  so  it  will  stand  solid  after  it  is  driven  to  place.  For 
a  30-ft.  pile  we  generally  jet  the  hole  so  that  the  pile  will  go  down 
about  25  ft.  under  the  weight  of  the  hammei,  and  can  then  be  driven 
about  5   ft.   to   place. 

The  report  states  that  jet  pipes  vary  in  size  from  21/2 
to  II4  in.  and  nozzles  from  no  contraction  on  a  2-in.  pipe 
to  I2  in.  at  the  end  of  a  IV4  in.  pipe.  On  the  Chicago  & 
North  Western  Ry.  a  2-in.  pipe  drawn  out  to  a  1-in.  noz- 
zle, and  somewhat  longer  than  the  depth  to  -be  penetrated 
is  used.  The  upper  end  is  fitted  with  an  elbow,  a  nipple 
and  a  loose  connection  to  a  duplex  pump  of  sufficient  ca- 
pacity to  maintain  a  pressure  of  100  lbs.  per  sq.  in.  in  the 
pipe  with  an  unobstructed  flow  through  the  nozzle.  A 
separate  line  tied  to  the  top  of  the  pipe  passes  over  a 
block  at  the  top  of  the  leads  and  down  to  the  winch-head 
and  furnishes  means  for  readily  raising  and  lowering  the 
pipe.  On  the  Southern  Pacific  R.  R.  the  jet  pipe  is  drawn 
out  to  a  rectangular  shape  about  %  in.  by  2  or  21/2  in. 
Some  advantage  is  claimed  for  this  shape  when  used  in 
stiff  material.  Two  jet  pipes  are  used  occasionally.  The 
water  pressure  used  varies  from  100  lbs.  to  225  lbs.  per 
sq.  in.  and  pumps  with  3  or  4  in.  discharge  pipes  are  gen- 
erally used.  A  large  volume  of  water  at  moderate  pres- 
sure is  stated  to  give  the  best  results. 

A  somewhat  different  type  of  jet  wherein  steam  takes 
the  place  of  water  is  in  use  on  the  Chicago,  St.  Paul,  Min- 
neapolis &  Omaha  Ry.  This  company  uses  a  steam  jet  on  a 
track  driver  when  jetting  is  advisable,  and  has  found  it 
practical  and  economical  to  bore  the  piles  and  insert  the 
jet  pipe,  so  the  full  force  of  the  jet  is  applied  at  the  center 
of  the  point  of  the  pile.  A  hole  of  proper  size  is  bored  in 
the  center  of  the  point  and  at  an  angle  such  that  it  comes 
out  the  side  of  the  pile  about  2  ft.  above  the  point.  The 
nozzle  of  the  jet  is  inserted  in  this  hole  and  allowed  to  go 
down  with  the  pile.  This  method  has  been  used  and 
found  very  satisfactory  where  it  was  desired  to  drive 
falsework  piles  down  to  rock  to  support  two  heavy  spans 
while  piers  were  being  rebuilt. 
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CONSTRUCTING  A  CUT  AND  FILL  PARK. 

Work  is  now  under  way  on  the  conversion  of  some  150 
acres  of  level  prairie  on  the  west  side  of  Chicago  into  a 
park  having  hills,  a  lake,  play  grounds,  golf  grounds, 
swimming  pool,  drive.s  and  other  features.    The  scheme 


Fig 


Layout   of   Columbus   Park. 


involves  over  270,000  cu.  yd.  of  grading.  The  excavated 
material  is  placed  around  the  sides  of  the  park  forming 
hills  8  to  10  ft.  high  on  which  will  be  planted  trees  and 


1 
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Fig.  2 — Steam  Shovel   Loading   Into  Cars. 

shrubbery.    A  sketch  of  the  proposed  park  is  shown  as 
Fig.  1. 

The  soil  consists  of  a  thin  cover  of  black  dirt  over  hard 


Fig.    3 — Steam    Shovel    In   S-Ft.    Cut. 

clay,  known  locally  as  iron  bound  clay.  The  top  soil  is 
stripped  off  by  means  of  New  Era  elevating  grader  pulled 
by  a  Reeves  traction  engine.    The  black  earth  is  hauled 


by  dump  wagons  and  spread  over  other  areas.  A  consid- 
erable portion  will  be  placed  on  the  slopes  of  the  embank- 
ments. 

The  lagoon  will  cover  about  12  acres,  will  have  a  water 
depth  of  about  6'j  ft.  and  an  average  width  of  about  125 


Fig.  4 — Team    Hauling  Spoil   Cars. 

ft.  The  excavation  for  this  is  being  made  by  two  15-ton 
revolving  Erie  shovels  having  %  yd.  dippers.  The  spoil  is 
hauled  by  wagons  or  small  dump  cars,  depending  on  con- 
ditions, and  is  used  for  making  the  artificial  hills  at  the 
sides  of  the  park.   The  digging  is  in  hard  clay. 

The  dump  cars  are  of  the  Western  type,  IVi  cu.  yd.  ca- 
pacity. They  are  hauled  in  5-car  trains  by  a  team  of 
horses.  The  track  is  20-in.  gage,  made  up  of  20-lb.  rails 
spiked  to  36-in.  long  ties. 


Fig.   5. 

The  first  shovel  began  work  in  May.  Its  record  for  five 
months  is  as  follows : 

Actual  time,  T_,oads  Cu.  yds.   per 

days.  per  day.  9-hour  day. 

Mav    '. 1H4  630  441 

.Tune     17^4  987  987 

Julv    24V4  693  485 

August    261^  954  668 

September     22%  840  588 

This  shovel  loaded  into  wagons  and  during  July,  August 
and  September  made  many  moves.  Most  of  its  cuts  were 
5  ft.  to  6  ft.  deep  and  170  ft.  to  250  ft.  long. 

The  second  shovel  was  placed  in  operation  in  August. 
It  loaded  into  cars  and  had  an  8-ft.  cut  30  ft.  wide  that 
took  from  8  to  10  days  to  make.  The  yardage  moved  by 
this  shovel  in  August  and  September  was  as  follows: 

-Actual  time.  Load  Tu.  yds.  per 

days.  pftr  day.  9-hour  day. 

Augrust    19%  872                            610 

.September   22%  968                          678 

The  park  is  being  built  by  day  labor  by  the  West 
Chicago  Park  Commission.  A.  C.  Shrader,  Chief  Engineer 
and  Superintendent  of  the  Commission,  is  in  charge  of  the 
design  and  the  construction  work. 
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BELT  CONVEYOR  FOR  TRANSPORTING  GRAVEL 
TO  STORAGE  BINS. 

An  unusually  interesting  method  is  employed  by  the 
Standard  Building  Supply  Co.,  of  Grand  Rapids,  Mich.,  in 
transporting  gravel  to  its  storage  bins.  The  arrangement 
is  shown  in  the  accompanying  illustrations.  The  gravel  is 
excavated  from  the  pit  by  an  Erie  shovel  and  loaded  into 


Fig.    1 — Dumping    Hopper. 

a  hopper,  from  which  it  is  discharged  onto  a  belt  conveyor. 
The  hopper,  as  will  be  seen  from  Fig.  1,  is  mounted  on 
wheels  which  run  on  a  short  section  of  track,  thus  making 
possible  a  wider  range  of  operation  for  the  shovel.  The 
first  section  of  tlie  belt  conveyor  (See  Fig.  2),  is 
placed  on   skids  and  can  be  moved  to  the  right  or  left 


Fig.   Z — System    of    Belt   Conveyors. 

by  means  of  a  bar.  After  passing  up  the  first  length  of 
belt  conveyor,  the  gravel  is  dumped  onto  the  inclined 
conveyor  and  carried  to  the  screens  and  then,  up  another 
incline  to  the  storage  bins. 


Good  progress  has  been  made  with  the  construction  of 
the  Government  railway  in  Alaska.  '  About  49  miles  of 
track  have  been  laid  from  Anchorage,  which,  with  the  71 
miles  of  the  old  Alaskan  Northern  now  in  operation  as 
far  as  Kern  Creek,  will  make  120  miles  of  the  470  needed 
to  connect  Sewaa'd  with  Fairbanks.  The  tracks'  so  far 
laid  from  Anchorage  comprise  about  6  miles  southward 
toward  Seward,  38  miles  of  main  line  northward  to  Fair- 
banks and  15  miles  on  the  Matanuska  branch  and  into 
the  coal  fields  near  by.  Rail  will  be  laid  in  the  near  fu- 
ture as  far  as  Potter  Creek,  15  miles  from  Anchorage, 
from  which  point  the  rock  work  will  be  undertaken  dur- 
ing the  coming  winter. 


ENGINEERING 
AND     CONTRACTING 

INSPECTION     METHODS     ON     GOVERNMENT 
RIVER  AND  HARBOR  WORK.* 

All  work  is  done  under  the  personal  supervision  of  the 
assistant  engineer,  and  is  rigidly  inspected  by  as  many 
inspectors  as  may  be  necessary.  These  inspectors  are  re- 
quired to  be  constantly  on  the  work  while  in  progress, 
and  very  commonly  live  on  the  contractor's  plant,  the 
contractor  being  paid  by  the  United  States  for  the  ac- 
commodations and  meals  thus  furnished;  under  no  cir- 
cumstances must  there  be  any  money  transactions  what- 
ever between  the  inspector  and  the  contractor.  When 
a  job  is  begun  the  inspector  is  furnished  with  a  blueprint 
map  showing  the  layout  of  the  work,  a  copy  of  the  specifi- 
cations, a  loose-leaf  notebook,  a  tape,  stationery,  and  fre- 
quently a  transit.  The  contractor  is  required  to  furnish 
him  with  a  carefully  marked  sounding  rod  or  chain,  and 
must  also  provide  tide  gages,  ranges,  a  boat  and  such  as- 
sistance in  the  way  of  labor  as  may  be  required  for  sound- 
ing, setting  ranges,  etc. 

Usually  the  first  thing  to  do  is  to  establish  tide  gages. 
The  mean  tidal  range  in  the  harbors  ranges  from  7V2  ft. 
at  the  western  end  of  the  district  to  21/2  ft.  at  the  east- 
ern end;  the  maximum  range  is  approximately  twice  the 
mean  range.  All  dredging  and  breakwater  work  is  re- 
ferred to  mean  low  water,  at  the  place  where  the  work 
is  done,  as  zero;  that  is,  the  depth  of  dredging  is  so  many 
feet  below  mean  low  water  and  the  height  of  a  break- 
water is  so  many  feet  above  it.  It  is  customary  on  En- 
gineer Department  maps  to  omit  the  minus  sign  in  front 
of  all  depths  below  the  datum  plane,  and  to  prefix  a  plus 
sign  to  heights  of  points  above  mean  low  water.  This  is 
to  avoid  the  constant  repetition  of  the  minus  sign,  by  far 
the  greater  number  of  soundings,  of  course,  being  be- 
low the  datum  plane. 

In  each  harbor  and  river  under  improvement  there  are 
permanent  bench  marks,  established  before  the  work  is 
begun,  their  location  being  chosen,  so  far  as  practicable, 
so  that  a  direct  vertical  measurement  may  be  made  with 
a  rod  or  tape  to  the  surface  of  the  water  at  any  stage 
of  tide. 

The  tide  gages  used  in  dredging  and  breakwater  work 
are  boards  about  a  foot  wide  and  fully  as  long  as  the 
maximum  range  of  tide  at  the  place  where  work  is  being 
done,  say  about  15  ft.  for  the  western  end  of  the  district, 
and  about  6  ft.  for  the  eastern  end.  These  boards  are 
usually  divided  into  sections,  each  a  foot  long,  painted  al- 
ternately black  and  white,  and  numbered  up  and  down 
each  way  from  zero,  which  is  placed  2  ft.  or  more  from 
the  bottom  of  the  board,  to  allow  for  unusually  low  tides. 
The  figures  are  6  in.  high,  white  on  the  black  sections, 
and  vice  versa.  With  the  aid  of  the  bench  mark  the  in- 
spector sets  his  gage,  usually  nailed  to  a  stake,  pile  or 
wharf,  so  that  the  bottom  of  the  zero  section  is  at  mean 
low  water.  Generally  several  tide  gages  are  set  at  differ- 
ent points  along  the  channel  or  breakwater,  so  that  one 
will  always  be  in  plain  sight  from  the  point  where  work 
is  in  progress.  Careful  attention  to  the  tide  gages  is  of 
the  utmost  importance,  as  upon  them  depends  the  depth 
that  is  made  or  the  height  of  the  structure  that  is  to  be 
built. 

The  next  thing  is  to  lay  out  the  work  and  mark  it, 
usually  by  ranges.  For  a  breakwater  or  jetty  a  single 
line  of  ranges,  marking  the  center  of  the  structure,  is  gen- 
erally used.  These  ranges  are  usually  set  from  perma- 
nent transit  stations  on  shore,  and  additional  transit  sta- 
tions and  bench  marks  are  established  on  the  structure  as 
soon  as  a  short  section  of  it  has  been  built,  more  points 
and  benches  being  added  at  frequent  intervals  as  the 
work  progresses,  so  that  its  axis  is  determined  by  an  ac- 
curate transit  line,  and  its  height  by  a  line  of  levels. 

In  the  case  of  a  dredging  job,  the  area  to  be  dredged 
is  laid  out,  frequently  with  the  aid  of  a  transit,  from  the 
data  given  on  the  blueprint,  and  is  divided  into  longi- 
tudinal sections,  corresponding  in  widths  to  the  cuts 
which  the   dredge  can   make.     This  varies   greatly  with 
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different  dredges,  ranging  from  20  ft.  for  a  small  scoop, 
to  100  ft.,  or  even  more,  in  the  case  of  a  big  pump  or  lad- 
der machine.  The  inspector  is  usually  aided  in  the  lay- 
ing out  of  the  work  by  additional  men  from  the  office; 
sometimes  it  is  done  by  a  regular  survey  party  in  charge 
of  a  junior  engineer.  The  cuts  are  generally  marked  by 
stakes  or  piles,  on  which  are  fixed  flags  or  targets,  so  that 
they  may  be  plainly  visible.  Sometimes  objects  on  shore, 
such  as  church  steeples,  prominent  trees,  the  corner  of 
a  house,  etc.,  may  be  utilized,  and  frequently  the  precise 
location  of  the  channel  is  chosen  so  that  it  will  follow 
some  natural  range  which  will  aid  in  navigating  it  after 
its  completion. 

/  Too  much  care  can  scarcely  be  taken  to  carefully  lay 
out  the  work  so  that  the  channel  as  actually  dredged  will 
follow  the  lay  out  on  the  map,  and  so  that  the  cuts  will 
be  parallel  and  of  the  same  width  throughout,  so  as  to 
leave  no  ridges  between  them. 

Beyond  this  point  the  duties  of  an  inspector  on  dredg- 
ing and  breakwater  jobs  differ  considerably,  and  we  will 
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Having  established  the  tide  gages,  laid  out  the  work, 
and  provided  for  measuring  the  material,  the  work  and 
the  inspector's  troubles  (for  he  has  many  of  his  own)  are 
ready  to  begin.  His  most  important  duties  are  to  see 
that  the  dredge  is  kept  on  line  so  that  the  cuts  follow 
the  ranges;  to  see  that  the  specified  depth  is  made,  and 
to  carefully  measure  the  dredged  material.  He  must  also 
record  the  distance  moved  by  the  dredge  each  day  on 
each  cut,  and  plat  it  on  his  progress  sheet;  note  the  time 
when  the  loading  of  each  scow  is  begun  and  finished; 
note  all  delays  of  15  minutes  or  more,  with  the  cause; 
and  rfecord  the  character  of  the  material  dredged,  and 
the  depth  before  and  after  dredging.  At  the  close  of 
the  10th,  20th  and  last  day  of  the  month  he  must  sub- 
mit a  report  giving  all  the  data  named  above.  He  must 
also,  as  soon  as  practicable  after  the  job  is  begun,  make 
up  and  send  in  a  description  of  the  contractor's  plant 
and  force,  and  keep  this  up  to  date  by  additional  reports 
each  10  days. 

It  is  a  common  idea,  sometimes  shared  by  new  inspec- 
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Fig.   1 — Rod   for   Measuring   Scow    Load. 


Fig.   2 — Vessel   Scales. 


Fig.    3 — Breakwater    Screed. 


consider  them  separately,  taking  the  dredging  first.  After 
laying  out  the  work,  he  must  provide  for  measuring  the 
material.  If  it  is  to  be  removed  in  scows,  the  scows  must 
be  carefully  measured  while  empty  and  a  table  made 
showing  the  capacity  of  each  when  even  full,  and  when 
slack  by  various  small  amounts,  as  6  in.,  1  ft.,  IV2  ft.,  etc. 
This  is  often  quite  a  job  of  itself,  and  requires  much 
care,  as  a  very  slight  difference  in  some  of  the  measure- 
ments of  a  large  scow,  such  as  the  length,  width,  etc., 
may  produce  quite  a  large  error  in  the  total  capacity. 
The  scows  should  always  be  reasonably  clean,  and  the 
doors  tightly  wound  up  when  they  are  measured,  and  it 
is  frequently  necessary  in  the  case  of  large  scows  that 
they  be  beached,  so  that  reliable  measurements  may  be 
taken  of  the  bottom,  which  is  under  water  when  the  scow 
is  afloat. 

If  the  material  is  to  be  handled  by  the  hydraulic  (suc- 
tion) method,  it  is  generally  measured  by  carefully  cross 
sectioning  the  bottom  before  and  after  dredging.  This 
requires  much  care,  and  must  be  done  by  a  party  of  sev- 
eral men.  Various  methods  are  followed.  In  the  case  of 
a  comparatively  narrow  channel  with  shallow  water  or 
banks  along  the  sides,  so  that  stakes  may  be  set  to  hold 
it,  a  carefully  marked  wire  or  wire  cord  may  be  stretched 
across  at  regular  intervals,  of  25,  50  or  100  ft.,  depend- 
ing upon  the  uniformity  of  the  bottom,  and  soundings 
taken  from  a  boat  at  the  marks  of  the  wire.  When  the 
depth  or  other  conditions  are  such  that  a  wire  cannot  be 
conveniently  used,  the  soundings  may  be  taken  from  a 
float,  so  anchored  that  its  location  and  movements  may 
be  easily  controlled. 

In  any  case,  the  soundings  before  and  after  dredging 
must  be  taken  with  such  accuracy  as  regards  depth  and 
location  as  to  correctly  give  the  amount  of  material  re- 
moved. 

Measurement  of  material  after  being  placed  ashore  is 
not  usually  satisfactory  as  showing  the  amount  removed 
from  the  channel,  for  a  considerable  quantity  is  carried 
away  in  suspension,  hence  this  method  is  not  used  in  this 
district. 


tors  themselves,  that  l:he  job  of  a  dredging  inspector  is  a 
good  deal  of  a  cinch.  But  in  reality  there  is  plenty  to 
keep  him  very  busy. 

Keeping  the  dredge  on  line  means  that  he  must  be  on 
deck  nearly  every  time  the  dredge  moves  ahead,  to  see 
that  she  is  properly  lined  up.  Often  he  gives  the  signals 
himself. 

Watching  the  bottom  to  see  that  the  required  depth  is 
made  takes  a  large  part  of  his  time,  for  he  must  sound 
across  the  stern  of  the  dredge  and  along  her  sides  very 
frequently,  at  every  move  if  the  material  is  hard.  In 
fact  the  extent  to  which  he  uses  his  sounding  rod  or 
chain  is  a  very  fair  indication  of  how  well  he  is  attend- 
ing to  his  job.  In  addition,  he  must  frequently  get  out 
in  his  skiff  and  sound  ahead  to  keep  track  of  the  cut- 
ting bank;  and  behind,  to  be  sure  he  has  missed  no  lumps 
or  ridges  that  may  haye  been  left.  If  any  are  found, 
the  dredge  must  be  moved  back  to  pick  them  up.  This 
causes  loss  of  time  for  the  dredge,  and  hence  is  often 
objected  to  by  the  contractor  or  his  representative,  and 
it  frequently  requires  some  little  persuasion  on  the  part 
of  the  inspector  to  get  it  done. 

The  measuring  of  the  loads  of  the  scows  does  not  take 
very  much  time,  but  it  must  be  done  very  carefully.  And 
it  is  here  that  there  is  frequently  a  difference  of  opinion. 
When  the  scow  is  even  full,  there  is  little  chance  for 
argument;  but  if  it  is  slack,  as  very  often  happens  in 
the  case  of  heavy  material  like  sand  and  gravel,  it  is  not 
so  easy.  In  such  cases  the  load  is  usually  uneven,  often 
partly  or  entirely  covered  with  water.  It  is  then  neces- 
sary to  carefully  sound  each  pocket  to  determine  how 
much — 6  in.,  1  ft.,  3  ft.,  or  whatever  it  may  be — the  load 
will  level  off  below  the  top  of  the  coamings.  The  in- 
spector uses  a  rod  marked  in  feet  and  tenths,  and  if  the 
scows  are  large  it  is  necessary  to  have  such  a  rod  fastened 
to  another  one  by  a  hinge  so  as  to  be  able  to  take  sound- 
ings in  the  center  of  the  pocket  (Fig.  1).  Having  deter- 
mined how  much  each  pocket  is  slack,  the  actual  load 
is  easily  obtained  from  the  table. 

The  distance  dredged  is  kept  in  various  ways,  such  as 
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by  noting  the  distance  the  dredge  moves  past  objects 
forming,  ranges,  known  as  "cross  ranges,"  nearly  at  right- 
angles  to  the  cut;  by  sextant  angles  from  the  dredge; 
transit  or  sextant  angles  from  the  shore;  by  a  marked 
line  arranged  to  pay  out  astern  as  the  dredge  moves 
ahead,  etc- 

All  of  these  duties  call  for  careful  attention,  and  no 
small  amount  of  tact.  A  good  dredging  inspector  who 
will  succeed  in  getting  a  good  job,  and  at  the  same  time 
not  be  constantly  in  a  row  with  the  contractor  and  his 
employes,  is  a  scarce  article  and  earns  every  cent  of  his 
salary. 

After  the  dredging  is  reported  completed,  a  careful  ex- 
amination of  the  bottom  is  made  by  a  regular  survey 
party,  and  if  it  is  found  that  material  has  been  removed 
from  below  the  regular  depth  plus  the  allowable  over- 
depth  or  leeway  (usually  1  to  2  ft.)  or  from  outside  the 
prescribed  limits,  the  amount  of  material  thus  removed 
is  deducted  from  the  final  estimate.  If  any  shoals,  lumps 
or  ridges  are  found,  the  contractor  is  required  to  remove 
them  before  final  acceptance  of  the  work. 

The  inspection  of  stone  work,  such  as  breakwaters,  dikes, 
etc.,  is  quite  different  from  dredging  work.  Practically 
all  structures  of  this  class  in  this  district  are  now  built 
of  riprap,  which  is  paid  for  by  the  long  ton,  2,240  lb-  de- 
livered and  placed  in  the  work.  To  measure  it  the  ves- 
sels in  which  it  is  delivered  are  first  carefully  weighed 
in.  These  vessels  are  provided  with  from  3  to  6-gage 
glasses — glass  tubes  similar  to  the  gage  glasses  of  a 
boiler — with  an  outboard  connection  at  the  bottom,  and 
provided  with  a  scale  (wood  or  metal)  carefully  marked 
in  feet,  tenths  and  hundredths  (Fig.  2).  Before  weigh- 
ing in,  the  inspector  carefully  ties  in  these  scales  so  that 
their  position  cannot  be  changed  without  his  knowledge. 
The  vessel  must  be  pumped  dry  and  have  on  board  only 
her  regular  fittings  and  equipment.  The  stone  compris- 
ing the  load  is  then  accurately  weighed  on  vitrified  scales 
and  readings  are  taken  on  each  gage  at  frequent  inter- 
vals as  the  loading  proceeds,  care  being  taken  to  trim  the 
vessel  as  even  as  practicable  at  each  reading.  Often  two 
more  loads  of  each  vessel  are  thus  weighed  in.  From 
the  results  of  this  weighing,  tables  are  constructed  to 
give  the  load  for  each  hundredth  of  a  foot.  Thereafter, 
when  a  vessel  arrives  at  the  work  the  inspector  reads  the 
gages  before  unloading  begins  and  again  when  it  is  fin- 
ished, and  thus  with  the  aid  of  his  tables  determines  the 
amount  of  the  load. 

Although  to  look  at  a  breakwater  one  might  think  it 
was  simply  a  pile  of  stone,  in  reality  much  skill  and  care 
must  be  used  in  building  it.  If  the  water  is  deep  it  is 
often  permitted  that  below  a  certain  depth,  say  10  or  12 
ft.  below  mean  low  water,  quarry  run  may  be  used,  and 
this  is  sometimes  dumped  from  bottom-dumping  scows, 
several  hundred  tons  at  a  time.  The  upper  portion  of  the 
structure,  or  in  shoal  water  the  whole  of  it,  is  built  with 
stones  delivered  and  placed  by  derricks,  one  at  a  time, 
and  this  is  the  work  that  requires  skill  and  careful  at- 
tention on  the  part  of  the  inspector  and  the  contractor's 
employes. 

The  height  of  the  breakwater,  the  width  of  the  top,  and 
the  slope  of  the  sides  above  water  are  commonly  obtained 
by  means  of  screeds  which  are  set  by  transit  and  level 
so  as  to  be  a  certain  fixed  distance,  generally  1  or  2  ft. 
outside  of  the  neat  line  of  the  breakwater  (Fig.  3).  By 
measuring  from  the  line  of  these  screeds,  an  inspector 
can  readily  determine  whether  any  stone  is  slack  or  full. 


A  TIMEKEEPER  FOR  EXCAVATING  MACHINERY. 

Every  contractor  hhs  some  system  for  recording  the 
time  of  his  employes.  This  shows,  in  a  way,  what  his 
equipment  is  doing.  It  does  not,  however,  give  an  exact 
record  of  the  operating  and  idle  time  of  his  machinery.  A 
device  which,  it  is  claimed,  gives  this  result  is  now  being 
used  by  many  contractors.  This  is  known  as  the  Servis 
Recorder. 

This  instrument  is  a  clock-like  arrangement,  which  au- 
tomatically  records    on    a   chart   the   entire    operation   of 


The  Illinois  State  Civil  Service  Commission,  Springfield, 
111.,  will  hold  an  examination  on  Feb.  3  for  the  position 
of  Junior  Highway  Engineer  in  the  Illinois  State  Highway 
Department.  The  salary  will  be  $75  to  $120  per  month 
and  the  examination  is  open  to  citizens  of  the  United 
States.  The  applicants  will  not  be  assembled  at  examina- 
tion points.  Instead  questions  will  be  mailed  and  answers 
filled  out  by  the  applicants  at  their  homes  and  returned  to 
the  Springfield  office  of  the  commission. 


Fig.  1 — Reproduction  of  Chart  Showing  Operations  of  Steam  Shovel  for 

24    Hours. 

the  machine  to  which  it  is  attached.  The  record  is  traced 
by  a  stylus  which  is  actuated  by  a  pendulum.  The  latter 
swings  when  the  equipment  is  actively  engaged,  but  re- 
mains stationary  during  idle  periods  even  though  the  en- 
gines are  running.  It  is  not  disturbed  by  vibrations,  how- 
ever violent. 

The  chai't  is  fastened  to  a  dial  which  revolves  once 
every  24  hours  and  is  driven  by  an  8-day  7-jewel  watch 
escapement  movement.    The  recorder  is  attached  to  steam 


Fig.  2 — Servis   Recorder. 

shovels,  dredges  and  drag  lines  without  the  use  of  flexible 
shafts,  gears  or  other  outside  connections.  On  standard 
steam  shovels  and  dredges  it  is  usually  placed  on  the 
boom.  On  revolving  steam  shovels  and  drag  lines  it  is 
fastened  against  the  side  of  the  cab. 

Figure  1  is  a  reproduction  of  a  chart  made  by  one  of 
these  instruments  in  use  on  one  of  the  steam  shovels 
owned  by  James  0.  Heyworth,  Chicago,  and  operating  on 
Section  1  of  the  Calumet-Sag  channel  near  Blue  Island, 
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111.  The  chart  shows  cleax-ly  the  entire  operations  for  24 
hours.  The  broad  heavy  line  indicates  the  actual  digging 
operations  and  the  narrow  light  line  indicates  the  idle 
period. 

These  recorders  also  are  used  on  commercial  vehicles, 
either  horse  drawn  or  motor  driven.  They  are  manufac- 
tured by  the  Service  Recorder  Co.,  which  has  offices  in  the 
Railway  Exchange  Bldg.,  Chicago,  111. 


PILE  DRIVER  ATTACHED  TO  STEAM  SHOVEL. 

A  pile  driver  arrangement  attached  to  a  ''/.i-yd.  Erie  re- 
volving shovel  was  used  by  Lenane  Bros.,  contractors,  in 
breaking  up  a  concrete  base  on  one  of  their  street  im- 
provement contracts  at  Detroit,  Mich.  A  chisel  shaped  drop 


Front  View  of  Pile  Driver  Arrangement. 

was  used  to  smash  the  concrete.  Ordinarily  this  base 
would  have  been  scooped  up  by  the  shovel  and  broken  into 
slabs,  but  in  this  case  the  concrete  was  to  be  used  for  bal- 
last and  so  had  to  be  broken  into  small  pieces.    The  cable 


Side   View   of   Pile   Driver   Arrangement. 

for  operating  the  dipper  was  used  for  hoisting  the  drop, 
which  was  caught  and  tripped  automatically.  The  broken 
concrete  was  loaded  into  dump  wagons  by  another  shovel 
and  hauled  away. 
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METHOD   OF   CONSTRUCTING   THE   CALVARAS 
HYDRAULIC  FILL  EARTH  DAM. 

The  Calvaras  dam  of  the  Spring  Valley  Water  Co.,  of 
San  Francisco,  Cal.,  is  one  of  the  largest  hydraulic  fill 
earth  structures  now  under  construction  on  the  Pa- 
cific Coast.  It  will  have  a  total  height  of  240  ft. 
above  bedrock  and  will  contain  over  3,100,000  cu.  yd.  fill. 
At  the  present  time  the  dam  is  completed  to  an  elevation 
of  140  ft.  above  bed  rock  and  contains  1,7.50,000  cu.  yd. 
The  methods  employed  in  carrying  out  this  work  were  de- 
scribed by  Mr.  G.  A.  Elliott,  engineer.  Spring  Valley 
Water  Co.,  in  a  paper  read  on  Oct.  17  before  the  San 
Francisco  Association  of  Members  of  the  American  So- 
ciety of  Civil  Engineers.  The  paper,  in  greater  part, 
follows : 

The  design  of  the  dam  calls  for  a  height  of  240  ft. 
above  the  bedrock,  a  crest  length  of  1,300  ft.,  a  base 
width  of  1,300  ft.,  and  a  volume  of  3,100,000  cu.  yd.  Car- 
rying out  the  plan  to  have  an  absolutely  safe  structure 
in  view  of  the  fact  that  its  dimensions  were  greater  than 
those  of  any  other  dam  yet  attempted,  the  upstream  slope 
was  planned  3:1  and  the  downstream  2^2:1.  To  pre- 
vent seepage  bedrock  was  exposed  for  a  distance  of  .50  ft. 
on  either  side  of  the  crest  line  and  a  trench  excavated  8 
ft.  deep  and  25  ft.  wide.  On  the  west  abutment  due  to 
the  presence  of  seamy  rock,  it  has  been  necessary  to  carry 
this  trench  to  a  depth  of  70  ft.  The  outlet/ work  consists 
of  a  horseshoe  shaped  concrete  culvert  with  an  inside 
area  of  234  sq.  ft.,  following  the  course  of  the  original 
stream  channel.  The  unusual  size  of  the  culvert  was 
made  necessary  by  the  fact  that  during  the  first  year  of 
construction  it  had  to  carry  the  winter  floods  with  prac- 
tically no  head  on  the  inlet.  A  reinforced  concrete  tower 
234  ft.  high,  located  at  the  inlet  of  the  culvert,  provides 
an  outlet  for  the  reservoir.  The  tower  stands  upon  a 
hexagonal  base  50  ft.  across  and  9  ft.  thick,  and  has  out- 
side diameters  of  28  ft.  at  the  base  and  13  ft.  at  the  top. 
The  wall  thickness  varies  from  4  ft.  to  18  in.  The  tower 
plans  were  prepared  by  Mr.  A.  V.  Saph,  and  the  design 
was  predicated  on  the  ability  of  the  structure  to  with- 
stand a  possible  earthquake  shock  with  an  acceleration  of 
6  ft.  per  second. 

Work  was  commenced  in  May,  1913.  It  was  necessary 
to  complete,  before  the  winter  floods,  the  construction  of 
the  culvert  and  a  dike  on  the  upstream  toe  of  the  dam 
in  order  to  divert  the  creek  flow.  This  involved  moving 
about  100,000  cu.  yd.  of  cut  and  the  placing  of  over 
20,000  cu.  yd.  of  concrete  in  the  culvert.  The  work  was 
finished  a  few  days  before  the  first  flood.  The  concreting 
of  the  culvert  took  six  weeks,  an  average  of  500  cu.  yd. 
per  day. 

Early  in  1914  the  hydraulic  fill  was  commenced,  and 
has  been  carried  on  to  the  present  time.  In  the  begin- 
ning 4-in.  hose  and  2-in.  nozzles  were  employed  in  sluic- 
ing down  the  banks,  but  it  soon  became  apparent  that  the 
greatest  efficiency  would  be  secured  by  concentrating  the 
streams,  obtaining  thereby  not  only  greater  cutting  effect, 
but  also  increased  yardage,  due  to  the  greater  carrying  ca- 
pacity of  the  larger  volume  of  water.  With  the  exception 
of  the  first  few  weeks,  Hendy  giants,  supplied  through 
slip-joint  steel  pipes,  have  been  used  in  all  of  the  pits. 

Practically  all  of  the  hydraulic  fill  in  the  dam  has 
been  pumped.  The  location  of  only  one  of  the  eight  bor- 
row pits  used  was  at  an  elevation  sufficient  to  deliver  the 
material  by  gravity.  The  distance  of  transportation  has 
varied  from  1,000  ft.  to  4,500  ft.  and  the  material  handled 
has  been  gravel,  sand,  shale,  sandstone  and  clay.  The 
equipment  used  in  the  work  consists  of  motor-driven  cen- 
trifugal pumps.  A  3-stage  eight  second  foot  centrifugal 
pump,  direct  connected  to  a  500  H.  P.  induction  motor,  is 
mounted  on  a  barge  in  the  reservoir  above  the  partially 
completed  dam.  The  water  is  pumped  through  12-in.  slip- 
joint  steel  pipes,  and  is  delivered  at  the  pit  with  a  nozzle 
pressure  of  75  lb.  The  size  of  the  discharge  tips 
varies  with  the  material,  depending  upon  the  cutting  force 
necessary  to  bring  down  the  banks.     Another  station  is 


located  in  the  canyon  below  the  dam.  and  recsivea  ;t 
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supply  through  a  suction  pipe  laid  through  the  outlet 
culvert.  This  installation  consists  of  two  units — one  with 
a  capacity  of  8  second  feet  against  400  ft.  head,  and  one 
of  4  second  feet  against  550  ft.  head.  The  water  from 
the  smaller  pump  is  delivered  with  a  75-lb.  head  at 
the  nozzle  and  is  used  to  cut  the  banks.  Water  from  the 
second  unit  is  delivered  at  the  pit  without  head  and  sim- 
ply gives  a  volume  sufficient  to  carry  the  material  to  the 
dam.  By  dividing  the  pumping  head  in  this  way  a  con- 
siderable saving  was  affected  in  the  power  cost. 

The  jets  are  directed  against  the  toe  of  the  horrow-pit 
bank,  which  is  undermined,  causing  it  to  cave  in.  This 
results  in  the  soil  being  broken  up  and  allows  the  water 
to  carry  it  away.  The  soil-laden  water  flows  to  the  lowest 
point  in  the  pit,  passing  through  a  grizzly  or  screening 
device  made  of  vertical  2-in.  pipes  set  4  in.  apart.  Rocks 
over  4  in.  in  diameter  are  screened  out  and  passed  through 
a  rock  crusher  set  just  below  the  grizzly.  From  this  point 
the  material  is  pumped  by  a  12-in.  mud  pump  driven  by  a 
300  H.  P.  motor  through  a  14-in.  slip-joint  steel  pipe  to 
the  toe  of  the  dam.  The  grade  of  the  floor  of  the  pit  de- 
pends upon  the  material,  varying  from  6  per  cent,  with 
fines  to  20  per  cent,  in  coarse  rocky  material. 

The  pipes  discharge  their  contents  on  the  outer  edges 
of  the  toes.  The  coarser  fill  remains  near  the  point  of  dis- 
charge, the  remaining  burden  of  the  water  being  de- 
posited automatically  as  the  velocity  of  the  stream  de- 
creases, until  the  pond  is  reached.  Here  the  fine  clay 
is  settled  in  comparatively  still  water.  The  point  of  dis- 
charge is  changed  along  the  toes  by  the  removal  of  suc- 
cessive pipe  lengths,  to  maintain  uniform  relation  be- 
tween the  widths  of  the  di-y  banks  and  pond.  Whenever 
possible  pipes  are  removed  from  the  end  of  the  discharge 
line  without  interruption  to  the  pumps,  so  that  a  delivery 
run  across  the  toe  is  generally  commenced  from  the  end 
furthest  from  the  pit. 

The  mud  pumps  will  operate  against  a  head  of  80  ft. 
When  the  head  exceeds  80  ft.,  a  second  pump  is  put  in  the 
line.  The  head  on  the  mud  pumps  depends  largely  upon 
the  character  of  the  soil.  With  an  excess  of  clay,  the 
friction  is  compartively  low,  and  the  power  required  is 
a  minimum.  An  example  of  this  fact  may  be  had  with 
the  present  arrangement  at  Calaveras.  In  order  to  re- 
duce interruptions  to  a  minimum,  duplicate  units  have 
been  installed,  so  that  should  work  be  discontinued  for 
any  reason  the  crew  can  be  immediately  moved  to  an- 
other location.  Two  pits  at  the  same  elevation  and  the 
same  distance  from  the  dam  are  used  alternately.  One 
of  these  pits  is  composed  of  about  65  per  cent,  clay  and 
35  per  cent,  shale  rock.  In  the  other  these  percentages 
are  reversed.  When  using  the  first  pit  one  pump  is  suf- 
ficient. If  the  second  pit  is  used,  a  booster  has  to  be  cut 
in  and  the  power  is  doubled.  It  is  difficult  to  ascertain 
with  any  degree  of  accuracy  the  value  of  the  constant 
to  be  applied  to  the  hydraulic  radius  and  slope  of  the  pipe 
lines  to  determine  the  flow  owing  to  the  impossibility  of 
measuring  the  discharge.  Such  tests  as  we  have  been 
able  to  make  indicate  that  with  a  14-in.  pipe  line  the  loss 
of  head  is  about  70  ft.  per  1,000  as  compared  with  15  ft. 
per  1,000  for  clean  water,  based  on  a  flow  of  8  second  feet. 

One  of  the  problems  encountered  in  the  work  was  to  re- 
duce the  wear  on  pumps  and  pipes.  The  velocity  of  the 
water  and  the  character  of  material  which  it  carries  are 
the  factors  that  affect  the  life  of  the  carriers.  Although 
a  high  velocity  is  desirable  to  secure  the  maximum  car- 
rying power  of  the  water,  it  was  found  that  the  minimum 
velocity  in  the  pipe  lines  which  would  keep  the  material 
in  suspension  caused  the  least  wear  on  the  pipes,  and  al- 
though the  output  decreased  the  resulting  unit  cost  was 
lower.  With  the  installation  described  above  this  critical 
velocity  was  12  ft.  per  second.  On  an  average  the  water 
carries  8  per  cent,  of  its  volume  of  material.  All  of  the 
wear  takes  place  on  the  bottom  third  of  the  pipe  cir- 
cumference. This  feature  is  so  pronounced  that  the  coat- 
ing on  the  interior  of  the  line  is  not  disturbed  on  the  top 
two-thirds  of  the  circumference  even  when  the  plate  at 
the  bottom  is  worn  through.  High  carbon  steel  pipes 
are  now  being  tried,  and  the  result  has  justified  the  slight 
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increase  in  initial  cost.  The  pipes  are  turned  twice  dur- 
ing their  life,  enabling  full  use  to  be  made  of  the  metal. 

The  runners  or  impellers  in  the  pumps  are  subject  to 
excessive  wear.  Three  kinds  of  material  have  been  used 
— cast  iron,  cast  steel  and  manganese  steel.  Manganese 
steel  runners  cost  about  six  times  as  much  as  cast  iron, 
but  the  cost  per  cu.  yd.  was  almost  cut  in  two  by  the 
use  of  the  former.  It  was  found  that  in  some  cases  the 
manganese  steel  runners  wore  unevenly,  becoming  unbal- 
anced and  creating  e.xcessive  vibration  of  the  pump. 

The  yardage  handled  through  the  life  of  a  runner  va- 
ries with  the  character  of  the  material  pumped.  It  has 
varied  from  30,000  with  sand  and  gravel,  to  200,000  with 
excessive  clay  and  soft  shale  rock. 

During  the  first  year  of  sluicing  the  excess  water  in 
the  pond  was  allowed  to  flow  out  through  a  vertical  pipe 
in  the  center  leading  to  the  culvert.  To  give  this  pipe 
stability  a  double  line  was  used,  consisting  of  a  16-in. 
pipe  set  inside  of  an  18-in.  pipe,  the  space  between  the 
two  being  filled  with  cement  grout.  It  was  found  that 
as  the  length  of  this  pipe  increased  it  was  susceptible  to 
the  movement  of  the  clay  ore.  As  a  matter  of  fact  on  one 
occasion  the  upper  end  of  the  pipe  moved  some  15  ft.  or 
about  30  degrees  out  of  plumb.  Although  we  were  able 
to  straighten  it  up,  the  danger  of  a  re-occurrence  with  the 
possibility  of  the  breaking  of  the  pipe  where  it  joined  the 
culvert,  allowing  the  escape  of  part  of  the  clay  ore  was 
so  great  that  this  method  was  abandoned.  A  trench  4  ft. 
wide  was  cut  through  one  end  of  the  upstream  toe  and 
a  bottomless  flume  constructed  of  1-in.  boards  with  4-in. 
X  6  in.  posts  and  2-in.  x  4-in.  spreaders.  Excess  water 
from  a  pond  is  allowed  to  flow  out  through  the  box  and 
runs  down  the  slope  of  the  dam  which  is  riprapped  up  to 
the  outlet  to  prevent  erosion.  To  raise  the  level  of  the 
pond,  rock  and  gravel  is  dropped  into  the  cut  to  the  re- 
quired height  for  the  width  of  the  dry  toes.  The  amount 
of  clay  contained  in  the  discharge  from  the  pond  varies 
from  0.01  per  cent,  to  0.5  per  cent.  This  depends  up-.n 
the  relative  amounts  of  material  delivered,  clay  some- 
times being  wasted  in  order  to  maintain  the  proper  re- 
lation between  the  dry  toes  and  the  clay  core,  to  insure 
the  stability  of  the  structure. 

It  developed  after  hydraulic  operations  had  commenced 
that  the  available  material  contained  an  excess  of  clay, 
and  that  it  would  be  necessary  to  either  waste  this  excess 
or  add  coarse  material  by  other  means.  A  sandstone  bluff 
opposite  the  downstream  toe  suggested  the  use  of  steam 
shovels  and  the  desposition  of  this  material  on  the  outer 
slopes  of  both  toes.  Work  was  commenced  early  in  1915 
with  two  steam  shovels,  the  material  being  transported 
with  wagons.  This  has  resulted  in  a  substantial  increase 
in  the  width  of  the  dry  toes  and  has  enabled  sluicing  to 
be  carried  on  at  a  greater  rate  of  speed,  through  elimi- 
nating the  necessity  for  wasting  in  the  pond  discharge 
any  of  the  clay  ore. 

In  order  to  secure  storage  during  1916,  it  was  decided 
thai,  to  obtain  the  maximum  height  of  dam  with  the  yard- 
age to  be  deposited  in  the  time  intervening  before  the  run- 
off period  began,  the  lower  toe  should  be  moved  toward 
the  center  a  distance  of -150  ft.  This  was  done,  leaving 
a  bench  between  the  final  slope  location  and  the  tempo- 
rary toe,  which  is  now  being  filled  by  steam  shovel  work 
in  the  sandstone.  This  is  now  being  done  by  contract, 
using  a  Model  65  Marion  shovel  and  12-yd.  cars.  The 
contract  covers  the  placing  of  375,000  cu.  yd.  of  sand- 
stone, this  amount  conteniplating  a  fill  varying  from  150 
ft.  thick  at  the  present  elevation  to  60  ft.  thick  within 
40  ft.  of  the  crest  of  the  dam.  It  is  the  intention  to  con- 
tinue placing  sandstone  on  the  upstream  toe,  unless  fu- 
ture borrow  pits  develop  an  excess  of  rock  and  coarse 
material. 

Comparatively  few  men  are  employed  on  the  sluicing 
units.  Two  units  are  working  two  shifts  each  and  the 
total  number  of  men  per  unit  per  shift  is  15,  or  60  alto- 
gether. When  it  is  considered  that  an  average  of  3,600 
cu.  yd.  of  material  per  day  is  transported  a  distance  of 
3,000  ft.,  with  a  crew  of  this  size,  the  advantage  of  this 
method  of  excavating  and  placing  fills  is  evident. 
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The  cost  of  excavating  and  placing  fills  by  the  hydrau- 
lic method  depends  as  much  upon  the  character  of  the  ma- 
terial as  upon  the  cost  of  labor,  construction  materials 
and  power.  The  relative  coarseness  of  the  material  af- 
fects tne  head  upon  the  pumps.  The  direct  cost  of  sluic- 
ing the  first  1,000,000  yd.  of  fill  was  about  25  ct.  per 
cu.  yd.  This  is  the  bare  cost  of  the  work  and  includes 
only  the  expense  of  pipes,  pumps,  motors,  belts,  power 
and  labor  used  directly  in  the  sluicing  work.  No  interest, 
overhead,  superintendence,  insurance,  or  the  prorated 
auxiliary  costs  of  clearing  the  reservoir  site,  building  and 
maintaining  roads,  trails,  camp,  etc.,  is  included  in  this 
figure.  In  this  connection,  it  must  be  borne  in  mind  that 
the  work  accomplished  so  far  has  been  on  the  base  of  the 
dam  and  that  as  the  height  is  increased  the  unit  cost  of 
placing  the  sluiced  fill  will  also  increase. 

At  the  present  time  the  dam  is  completed  to  an  elevation 
140  ft.  above  bedrock,  and  contains  1,750,000  cu.  yd.  This 
leaves  another  100  ft.  to  be  added  to  the  height  and  about 
1,400,000  cu.  yd.  of  fill  to  be  placed.  At  the  present  rate 
of  progress  it  is  expected  that  the  dam  will  be  finished 
in  1918.  Present  indications  are  that  the  total  cost  wiU 
amount  to  about  $2,500,000. 


THE  PROPOSED  ILLINOIS  CENTRAL  TERMINAL 
AT  CHICAGO. 

Representatives  of  the  Illinois  Central  R.R.  have  sub- 
mitted to  the  Railway  Terminal  Commission  of  Chicago 
an  ordinance  and  report  for  the  proposed  lake  front  de- 
velopments at  Chicago.  The  plan  calls  for  an  ultimate 
expenditure  by  the  railway  of  over  $50,000,000.  The  ordi- 
nance, in  brief,  provides  for  the  rebuilding  of  the  entire 
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vation;  six  main  passenger  tracks  along  the  lake  front 
south  of  16th  St.,  four  suburban  tracks,  and  additional 
freight  tracks  (at  present  there  are  eight  tracks  south 
of  16th  St.,  six  tracks  running  into  the  depot) ;  erection  of 
a  low  shed  on  the  lake  front  two  or  three  blocks  long  for 
railroad  appliances,  near  14th  St.;  provision  for  the  Illi- 
nois Central  to  handle  the  freight  for  other  railroads  from 
the  possible  future  new  harbor  near  16th  St.,  at  a  rate  to 
be  agreed  upon  by  an  expert  board;  opening  of  16th  St. 
to  Western  Ave.;  Illinois  Central  connection  with  the  pro- 
posed Santa  Fe  Fruit  Exchange  at  22d  St.  and  Archer 
Ave. 

The  preliminary  general  plans  for  the  new  passenger 

and  freight  station  were  submitted  to  the  City  Council 
of  Chicago  last  September.  These  plans  provided  for  a 
separation  of  grades  commencing  at  24th  St.  to  carry  the 
suburban  passenger  traflic  at  a  level  below  the  street 
surface  and  the  through  passenger  traffic  to  a  level  above 
the  surface. 

The  accompanying  drawing  of  the  track  plan  shows  the 
upper  track  level,  which  is  on  a  level  with  12th  St.  as  it 
will  be  when  extended  to  Grant  Park. 

The  headhouse  will  be  four  stories  in  height,  and  190 
ft.  x  700  ft.  in  size  exclusive  of  the  concourse.  There  will 
be  24  tracks  on  the  top  deck  of  the  terminal  and  23  plat- 
forms, of  which  12  will  be  used  for  trucking  and  11  for 
passenger  service.  The  platform  tracks  will  have  a  length 
of  1,200  ft.  and  the  Bush  type  train  shed  will  be  used. 
The  middle  deck  will  be  used  for  handling  mail,  express 
and  baggage,  and  there  will  be  no  tracks  on  this  level. 
A  portion  of  the  bottom  deck  will  be  developed  at  this 
time  for  suburban  facilities  and  will  have  two  platforms 


Tentative  Track  Layout  for  the  Proposed  Illinois  Central   Ry.  Terminal    at   Chicago 


Illinois  Central  terminal  on  a  scale  large  enough  to  ac- 
commodate all  railways  entering  Chicago,  except  those 
using  the  Chicago  &  Northwestern  and  Union  stations. 
Under  the  plan  it  is  proposed  to  have  24  tracks  in  the 
r  resent  main  level  from  12th  St.  to  S.  16th  St.,  with  pro- 
vision for  the  installation  later  of  the  same  number  of 
tracks  on  a  lower  level. 

The  main  features  of  the  ordinance  and  plan  are  un- 
derstood to  include  the  following: 

An  initial  expenditure  of  over  $10,000,000  for  suburban 
electrification  north  of  67th  St. ;  partial  depression  of  the 
Illinois  Central  tracks  along  the  lake  front;  opening  of 
every  half  section  street  to  the  lake  shore  through  sub- 
way or  viaducts;  changing  of  the  present  route  of  the 
St.  Charles  Air  Line;  an  elevated  railroad  30  ft.  high  for 
the  Illinois  Central,  extending  southwest  from  the  St. 
Charles  Air  Line  from  a  point  near  16th  and  Clark  Sts.; 
an  underground  loop  for  the  electrified  suburban  service 
in  Grant  Park;  running  of  street  cars  from  the  12th  St. 
viaduct  down  under  Michigan  Ave.  out  to  the  Field  Mu 
seum  and  into  the  Illinois  Central  Depot,  thence  loop- 
ing out  by  Indiana  .Ave. ;  connection  of  the  Illinois  Cen- 
tral with  a  dozen  trunk  lines  through  its  southwest  ele- 


and  four  tracks.    Later  on  the  balance  of  this  level  may 
be  developed  for  through  passenger  train  service. 


HAULING  WITH  TRACTOR-TRAILER  OUTFIT. 

Unusually  difficult  transportation  conditions  in  connec- 
tion with  the  hauling  of  ore  from  the  Cardiff  mines  in 
the  Big  Cottonwood  District  of  Utah  have  been  success- 
fully met  by  the  use  of  tractor  and  trailers.  The  hauling 
outfit  consists  of  a  Model  36  Knox  Tractor  equipped  with 
steel  wheels  14  in.  wide  and  a  5-ton  ore  body  and  four  5- 
ton  non-reversible  Troy  motor  truck  trailers,  equipped 
with  regular  steering  apparatus,  roller  bearings  and  36x 
7-in.  rubber  tires. 

The  distance  from  the  mines  to  the  smelters  in  sandy 
is  16  miles,  of  which  9  miles  are  in  a  canyon  and  7  miles 
across  a  valley.  A  rise  of  3,050  ft.  is  negotiated  in  this 
16  miles  and  in  many  -places  the  grades  are  as  steep  as 
16  per  cent. 

Before  this  method  was  adopted  11  demonstration  trips 
were  made. 

The  total  tonnage  of  ore  hauled  during  these  11  dem- 
onstrations was  272,660  lbs.;  and  although  coal  was  not 
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taken  back  on  every  return  trip,  a  total  of  27,080  lb.  of 
coal  was  hauled  back  from  the  valley  to  the  mines.  The 
amount  of  coal  hauled  per  trip  ranged  from  3,600  to 
4,300  lb. 

An  average  gas  consumption  of  21  gal.  per  round  trip 
was  registered,  and  the  round  trip  consumption  of  oil 
averaged  two  quarts. 

Two  trips  were  made  every  24  hours,  the  average  time 
coming  down  being  V.2  hours,  and  returning  4i/j  hours, 
which,  wath  allowance  of  1  hour  for  loading  and  unload- 
ing, g"ave  3  hours  for  oiling,  taking  on  gas,  and  inspect- 


his  own  department.  In  order  to  develop  executive  abil- 
ity among  the  men  he  introduced  a  system  of  shop  ac- 
counting designed  according  to  the  principles  of  the  Em- 
erson school  of  scientific  management.  The  men  made 
their  first  acquaintance  with  this  system  through  actually 
"ringing  in"  on  the  time  clock.  At  first  they  did  not 
take  very  kindly  to  it,  and  a  second  supply  of  "demerit 
slips"  had  to  be  ordered  from  the  printer  in  a  very  short 
time;  but  the  students  soon  began  to  be  more  careful, 
and  "demerit  slips"  became  a  rarity.  In  operating  the 
system   the   department   provided  that   every   man   spend 


Tractor-Tr.Tiler   Outfit    Handling    Ore    From    the    Cardiff    Mines    in    the       Big   Cottonwood    District,   Utah,  to   Sandy,   a   Distance  of   16   Miles. 


ing  the  machine.     No  repairs  of  any  nature  were  neces- 
sary during  the  11  trips. 

The  hauling  contractor,  the  U.  S.  Transportation  Co., 
is  now  making  two  trips  every  24  hours  carrying  15  tons 
to  the  trip. 


PUBLIC  SPEAKING  IS  PART  OF  ENGINEERING 
COURSE. 

In  order  to  develop  the  executive  ability  of  its  grad- 
uates, public  speaking  and  "discussion  classes"  have  been 
made  a  requirement  of  the  Department  of  Engineering  of 
Swarthmore  College.  The  plan  is  described  in  a  circular 
prepared  by  Mac  P.  Dowdell  of  the  college. 

The  method  employed  in  this  public  speaking  course 
was  to  divide  the  class  into  sections  of  a  half  dozen  stu- 
dents each.  They  studied  at  first  an  outline  text  writ- 
ten especially  for  the  work  in  hand,  but  commenced  ac- 
tual practice  in  speaking  almost  with  the  first  meeting 
of  the  class.  Each  department  of  the  college  furnished 
a  list  of  subjects  from  which  the  students  drew  sug- 
gestions, and  the  instructors  encouraged  "talking  shop" — 
at  first  only  for  five  minutes  at  a  time,  but  as  proficiency 
developed,  for  longer  periods,  until  20-minute  extempore 
speeches  wound  up  the  year's  work. 

The  students  named  the  conditions  for  their  speeches 
in  every  case  before  they  began,  and  were  judged  accord- 
ing to  what  they  tried  to  do.  "I  will  give  a  toast  at  a 
chamber  of  commerce  luncheon,"  one  student  would  an- 
nounce, whereupon  the  remainder  of  the  class  would  re- 
solve itself  into  the  group  of  supposed  "lunchers"  and 
would  demand  to  be  entertained,  congratulated  and  con- 
vinced that  the  speaker  was  a  "good  fellow"  and  that  his 
business  was  "all  right."  Salesmanship  often  occupied 
the  attention  of  the  class,  and  many  a  bill  of  merchan- 
dise was  disposed  of  to  critical  boards  of  directors.  An 
engineer  interested  in  certain  improvements  on  his  fa- 
ther's farm,  gave  a  series  of  talks  on  the  construction  of 
sanitary  pig  pens.  Economics  and  political  science  stu- 
dents expounded  the  doctrines  of  every  school  of  belief, 
from  Herbert  Spencer  to  H.  G.  Wells.  Biologists  spouted 
"survival  of  the  fittest"  and  "evolution."  After  each 
speech  the  class  spent  a  few  minutes  to  discuss  it  and  to 
decide  whether  it  was  a  success  or  a  failure. 

While  the  public-speaking  department  solved  one  of  his 
difficulties.  Professor  George  B.  Blessing,  head  of  the  En- 
gineering  department,   worked   out   several   problems    in 


some  part  of  his  time  in  the  shop  office  where  he  learned 
to  see  efficiency  methods  from  the  executive's  point  of 
view. 

Professor  Blessing  also  introduced  "discussion  classes" 
for  all  the  junior  and  senior  engineers.  In  these  classes 
the  students  met  their  professors  informallv  anrl  brought 
up  practical  problems  encountered  in  laboratory  or  field 
work  during  the  week.  The  students  did  the  talking,  and 
helped  one  another  to  solve  the  difficulties.  Quite  fre- 
quently the  professors  absented  themselves,  or  when  they 
did  attend,  did  more  listening  than  talking.  Comfortable 
leather  upholstery  of  the  engineering  library  fur- 
nished the  environment  for  these  classes,  and  perhaps 
helped  to  create  the  atmosphere  of  a  conference  between 
factory  foremen  and  the  shop  superintendent. 

This  is  the  system  as  thus  far  developed;  but  begin- 
ning next  year  a  file  of  "personal-record  cards"  will  en- 
able Professor  Blessing  to  keep  track  of  every  phase  of 
the  activity  of  his  men.  In  addition  to  the  record  of  a 
man's  scholarship,  these  cards  will  provide  space  for 
"extra-curricular"  activities.  If  he  belongs  to  a  fraternity 
the  card  will  state  that  fact;  if  he  becomes  manager  of 
the  student  weekly,  or  manager  of  an  athletic  team,  or  a 
player,  his  card  will  show  that  fact.  At  the  end  of  four 
years  the  department  will  have  an  accurate  index  of  the 
qualities  of  the  man.  Professor  Blessing  will  be  able  to 
tell  whether  any  particular  man  will  be  likely  to  make 
good  as  an  executive,  and  will  be  able  to  place  him  in  line 
for  such  a  position;  while,  on  the  other  hand,  he  will 
know  whether  his  man  is  best  suited  to  enter  a  field 
where  technical  ability  alone  will  count. 

It  has  taken  six  years  to  bring  this  work  of  Professor 
Blessing's  to  its  present  stage — too  short  a  time  to  foretell 
just  what  percentage  of  improvement  it  is  effecting.  A 
judgment  based  on  the"  qualities  of  the  undergraduates 
themselves  points  to  its  success.  The  enthusiasm  these 
men  display  toward  their  work  is  greater  than  the  enthu- 
siasm of  any  other  group  of  students  in  the  college.  Re- 
cent graduates  placed  since  this  system  has  been  work- 
ing, have  made  exceptionally  good  records  for  the  short 
periods  of  their  employment.  The  houses  which  employed 
them  are  asking  for  more  Swarthmore  graduates.  The 
next  decade,  however,  will  show  the  real  results  of  this 
work.  It  will  require  a  long  period  for  the  men  now 
graduating  to  reach  their  high  planes  of  earning  power, 
and  when  they  do,  many  of  them  will  be  found  in  the 
$15,000  class. 
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SUBAQUEOUS     CONCRETE     REVETMENT     FOR 
THE  PROTECTION  OF  RIVER  BANKS.* 

Some  three  years  ago,  after  service  of  a  year  or  more 
on  the  Lower  Mississippi  River  Improvement  under  the 
Mississippi  River  Commission,  the  writer  was  aroused  to 
the  thought  of  the  feasibility  of  developing  a  reinforced 
concrete  revetment  to  supplement  or  replace  the  willow 
fascine  construction  now  employed.  This  thought  was 
suggested  primarily  by  the  fact  that  the  willow  supply 
throughout  the  lower  river  is  inadequate  to  meet  pros- 
pective revetment  needs;  and  secondarily  by  the  obvious 
conclusion  that  a  concrete  revetment  would  be  more  ef- 
fective and  durable  than  a  fascine  structure,  without 
necessarily  being  more  costly.  Again,  the  employment 
of  concrete  would  result  in  an  important  reduction  of 
manual  labor,  and  be  capable  of  development  by  units  in 
such  manner  that  very  desirable  flexibility  of  organiza- 
tion and  of  output  would  be  possible. 

Physical  conditions  on  the  Lower  Mississippi  are  such 
as  to  render  the  revetment  of  its  banks  more  difficult  and 
costly,  perhaps,  than  elsewhere  in  the  world.  The  soils 
are  alluvial  and  therefore  exceeding  friable;  the  depths 


Experimental   Plant  for   Handling   Concrete   Revetment. 

in  caving  bends  are  extreme,  at  times  exceeding  100  ft. ; 
and  the  rapidity  of  flow  is  very  severe,  frequently'topping 
7  miles  per  hour. 

Revetment  is  provided  for  at  present  by  the  installa- 
tion along  a  caving  bank  of  a  succession  of  fascine  mat- 
tresses composed  of  bundles  of  willows  bound  together 
with  strand  and  wire,  each  structure  formed  for  an  out- 
shore  width  of  at  least  250  ft.,  and  a  standard  length  of 
about  1.000  ft.  The  latter  dimension  is  occasionally  ex- 
ceeded, reaching  at  times  1,600  ft.  Mattresses,  of  the 
size  and  character  described,  are  held  against  the  bank 
by  an  appropriate  number  and  disposition  of  restraining 
cables,  and  in  this  position  are  ballasted  with  rock  to 
the  point  of  being  barely  afloat.  Thereafter,  by  the  rapid 
casting  of  man-sized  stone  from  the  barges,  floated  under 
control  over  the  mattress,  from  the  head  downstream,  suf- 
ficient burden  is  added  to  sink  the  entire  structure  as  a 
unit  to  its  final  position. 

These  fascine  mattresses  have  very  admirably  served 
their  purpose  in  stabilizing  the  river  bends  to  which  ap- 
plied. The  relation  of  supply  to  demand,  however,-  fixes 
the  fact  of  the  certain  and  early  exhaustion  of  available 
willow  growth  under  additional,  or  even  present,  revet- 
ment necessities.  A  substitute,  or  supplementary,  con- 
struction by  way  of  sawed  lumber  has  frequently  been 
suggested.  In  the  view  of  the  writer,  however,  the  difli- 
culties  involved  in  handling  a  lumber  structure  of  the 
required  dimensions  are  of  doubtful  solution;  satisfac- 
tory efficiency  and  durability  are  very  uncertain,  and  de- 
sirable economies  quite  improbable. 

It  was  accordingly  conceived  that  a  scheme  might  be 
devised  whereby  large  sheets  of  concrete,  or  of  blocks, 
suitably  disposed  and  secured,  could  be  satisfactorily 
handled  to  appropriate  position  and  relation,  upon  the 
bed  or  bank  to  be  revetted  with  the  result  of  a  more  dura- 
ble, more  efficient,  and  more  economical   structure  than 

•From  an  .-xrticle  by  Maj.  E.  M.  Markham,  U.  S.  Engineer,  In  the 
November- Decembei   issue    >C  Pro.'essior.al  Jtemoirs. 
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now  obtains.  Many  and  varied  suggestions  looking  to 
the  employment  of  block  and  other  forms  of  concrete  re- 
vetment had  been  submitted  to  the  Mississippi  River  Com- 
mission in  the  past,  but  none  appeared  to  take  intelligent 
account  of  the  physical  conditions  and  forces  to  be  en- 
countered, and  hence  were  concluded  to  be  inapplicable. 

It  was  known  that  satisfactory,  and,  from  the  nature 
of  the  case,  inexhaustible,  deposits  of  sand  and  gravel 
for  concrete  purposes  are  spotted  throughout  the  river, 
and  that  a  suitable  river  run  product  can  be  inexpensively 
dredged. 

Presenting  the  matter  for  the  consideration  of  the 
Mississippi  River  Commission,  the  latter  allotted  $2,400 
for  "Experimental  Revetment"  in  the  fall  of  1914,  and 
based  upon  the  results  obtained  thereunder,  made  a  fur- 
ther assignment  of  $25,000  in  the  spring  of  1915. 

Under  the  allotment  first  referred  to  barges  with  in- 
clined decks  were  prepared  upon  which  were  formed,  and 
from  which  were  launched,  eight  concrete  slabs,  such  con- 
trol being  provided  as  could  be  applied  by  lines  handled 
manually.  The  smallest  of  these  slabs  were  14x18.6  ft., 
of  which  five  were  formed  and  launched;  the  largest  were 
100x40  ft.,  of  which  two  were  constructed;  a  fifth  slab 
of  intermediate  dimension,  18.6x19  ft.,  was  also  employed. 
All  slabs  were  4  in.  in  thickness,  reinforced  by  strand 
and  mesh,  variously  clipped  and  wired  together. 

These  slabs  were  handled  somewhat  crudely,  the  barges 
utilized  being  out  of  all  relation  to  the  problem;  never- 
theless, the  results  verified  the  thought  that  concrete 
sheets  of  large  area  and  small  thickness,  heavily  rein- 
forced, can  be  considerably  "man-handled"  and  directed 
to  the  river  bed  in  such  manner  as  to  insure  their  effec- 
tiveness for  revetment  purposes.  A  diver,  employed  to 
investigate  the  condition  of  two  of  the  largest  slabs, 
launched  in  inshore  depths  of  8  ft.  and  outer  depths  of  40 
ft.,  reported  the  structures  to  be  intact,  subject  to  antici- 
pated cracking,  to  be  hugging  the  bottom  closely,  and  to 
be  generally  in  very  satisfactory  condition. 

Under  the  allotment  of  $25,000  for  further  experimental 
work,  a  plant  was  developed  consisting  of  two  barges 
upon  which  to  construct  concrete  slabs  or  mats,  and  a 
third  barge  upon  which  was  mounted  the  necessary  ma- 
chinery and  structural  work  to  handle  the  same  from 
their  position  of  formation  to  the  bed  of  the  river. 

The  general  proposition  contemplated  the  formation 
of  a  concrete  mat  upon  the  inclined  deck  of  a  barge,  the 
latter  to  be  withdrawn  under  mechanical  power  after 
sufficient  air  hardening  of  the  said  mat,  substitute  sup- 
port being  simultaneously  provided  from  a  series  of  over- 
head trusses  hinged  upon  a  fixed  mooring  barge,  and  hav- 
ing wheel  bearings  upon  w^ays  of  the  barge  withdrawn. 
During  and  after  withdrawal,  this  substitute  support 
would  be  arranged  for  by  a  proper  number,  disposition 
and  attachment  of  lines  running  from  the  overhead 
trusses  to  trigger  or  trip  connections  with  rings  or  loops 
formed  in  the  mat.  A  situation  would  thus  be  developed 
wherein  the  latter  would  be  suspended  as  a  weight  in 
water,  betw^een  mooring  and  mat  barges  and  might  there- 
after be  lowered  to  position  upon  the  supporting  lines, 
or  tripped  to  freedom  therefrom.  After  tripping,  control 
and  direction  to  position  would  be  provided  by  shackle 
connections  from  the  upstream  edge  of  the  mat  by  trol- 
leys mounted  upon  mooring  barge  spuds  or  by  upstream 
and  shore  cables.  By  resetting  the  mooring  barge  to  ac- 
cord with  desired  relation  or  overlap  of  successive  sheets, 
a  continuous  interposition  would  be  provided  between  the 
river  and  the  caving  bank  under  treatment.  In  other 
words,  the  caving  bank  would  be  "shingled"  with  large 
concrete  slabs,  or  mats,  each  of  such  size  and  weight  as 
to  insure  successful  resistance  against  destruction  by 
the  hydraulic  forces  to  which  subjected.  The  slabs  were 
to  be  reinforced  with  but  strand  and  mesh,  such  that 
maximum  flexibility  would  be  assured.  Upon  encounter- 
ing check  to  their  momentum  in  settlement  toward  final 
position  they  would  crack  into  irregular  areas  and  thus 
conform  to  whatever  inequalities  were  involved.  The  sev- 
eral areas,  however,  would  be  held  in  juxtaposition  by 
the  imbedded  strand  and  mesh,  ample  allowance  being  thus 
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retained  for  satisfactory  compliance  with  revetment  re- 
quirements. Subsequent  undercutting  or  erosion  would 
be  closely  followed,  due  to  the  deficiency  of  cantilever 
value,  resulting  from  the  relation  of  area  to  thickness, 
such  deficiency  to  be  additionally  regulated,  if  need  be, 
by  the  creation  of  planes  of  weakness  of  any  desired  po- 
sition and  number.  Satisfactorily  long  life  would  be  as- 
sured by  the  galvanization  to  desired  degree  of  any  or 
all  the  reinforcement.  The  principal  strand  of  the  lat- 
ter would  be  extended  upon  the  upper,  or  high  water  bank, 
and  securely  anchored  in  its  pavement.  Such  a  revetment 
would  thus  be  essentially  monolithic  from  top  bank  to 
deepest  water.  To  provide  for  ma.ximum  plant  capacity, 
an  accelerator  would  be  sought  to  hasten  the  hardening 
of  the  slab  sufficiently  to  withstand  launching,  final  hard- 
ening to  c(mtinue,  of  course,  upon  the  bed  or  bank  revet- 
ted. 

Experimental  plant  was  designed  to  handle  in  the  fash- 
ion described  sheets  125x50x4  in.  Slightly  lesser  sizes 
have  been  employed  as  a  matter  of  precaution  and  of 
convenience. 

The  mat  barges  were  constructed  of  "such  shape  and 
buoyancy  that  with  some  180,000  lbs.  of  water  in  a  ballast 
compartment  at  the  toe,  the  upstream  edge  of  the  mat 
starts  about  12  in.  above  the  water  surface  upon  begin- 
ning mat  barge  withdrawal,  becoming  submerged  within 
a  few  feet  of  the  movement.  The  several  suspension 
lines  are  fixed  of  such  length  as  to  take  weight  only  after 
the  same  has  been  reduced  to  the  extent  of  water 
buoyancy. 

The  mat  barges  were  provided  with  inclined  decks  sub- 
divided transversely  by  ways  on  8  ft.  4  in.  centers,  be- 
tween which  platfoi-m  sections  were  so  mounted  upon 
supporting  timbers  as  to  be  readily  lowered  or  raised  by 
about  4  in.  In  the  raised  position,  these  platforms  are 
flushed  with  butter,  or  launching  boards,  about  11  ins.  in 
width,  which  themselves  rest  upon  rollers  inserted  in  the 
ways.  After  slab  manufacture  and  upon  sufficient  air 
hardening  the  intermediate  sections  are  di'opped,  the  con- 
crete structure  thus  resting  entirely  upon  the  buttter 
boards  referred  to.  To  launch  a  slab  it  is  therefore  neces- 
sary only  to  overcome  the  axle  friction  of  the  rollers,  the 
butter  boards  moving  with  the  slab  and  being  recoverable 
under  proper  provision  for  that  purpose.  '  The  ways  are 
steel  shod  to  receive  the  wheel  bearings  of  overhead 
trusses. 

Mechanical  and  structural  equipment,  mounted  upon  a 
wood  barge  124x30x7  ft.  consists  of  35-HP.  boiler,  and 
double  7  by  7  in.  engine,  rigged  with  drums,  winches,  etc., 
of  five  intermediate  trusses  from  which  to  suspend  the 
slabs;  and  of  two  end  trusses  carrying  sheaves  and  lines 
whereby  to  effect  mat  barge  manipulation.  All  trusses 
are  hinged  near  the  downstream  edge  of  the  mooring 
barge,  and  have  wheel  bearings  upon  the  ways  of  the  mat 
barge.  These  trusses  may  be  raised  or  lowered  in  unison 
through  rigging  to  engine  on  the  mooring  barge,  which  as 
well  provides  power  through  suitable  lines  for  the  maneu- 
ver and  control  of  the  mat  barge  during  its  withdrawal. 
Suspension  trusses  are  of  5-panel  point  Pratt  type,  spaced 
on  25-ft.  center^,  the  interval  being  subdivided  by  side 
stirrups  from  each  main  truss.  All  trusses  are  cross- 
braced  and  interconnected  by  rods  and  shapes.  Suspen- 
sion is  assumed  from  each  panel  point  of  both  main 
trusses  and  stirrups,  and  is  accordingly  on  square  8  ft.  4 
in.  by  10  ft.  Five  supporting  lines  across  the  mat  are 
thus  available,  each  involving  15  suspension  points.  The 
supporting  lines  consist  of  ^s-in.  cable,  end-wedged  on 
outside  trusses,  passing  thence  through  two  fixed  and  one 
movable  sheave  above  each  suspension  poirrt  to  drums  of 
a  shaft  located  on  the  center  truss.  Lines  from  one  side 
pass  under  and  those  from  the  opposite  side  over  the 
said  drums.  Prior  to  launching  the  lengths  of  these  lines 
arc  fixed  for  support  of  the  mat  at  desired  submergence, 
and  the  end  brake  of  shaft  thereupon  set.  As  the  mat  rela- 
tively lowers  during  the  withdrawal  of  the  barge  upon 
which  formed,  the  supporting  lines  come  successively  into 
play,  and  the  total  weight  to  be  carried  is  accurately  and 
automatically  distributed  to  the  several  suspension  points 
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due  to  the  character  of  the  operation  and  to  the  fact  that 
each  suspension  involves  a  movable  sheave  riding  on  a 
running  line  from  center  shaft  to  end  trusses.  No  suspen- 
sion, therefore,  can  assume  more  nor  less  weight  than  its 
due  proportion.  Under  the  arrangement  described,  the 
weight  of  a  slab  of  100  tons  in  air  is  necessarily  so  subdi- 
vided that  the  main  trusses  take  each  but  slightly  over 
IP  2  tons,  the  suspension  points  somewhat  less  than  .8 
of  a  ton,  and  the  supporting  lines  but  about  900  lbs.  As 
stated,  conditions  are  such  that  this  advantageous  sutdi- 
vision  of  large  weight  is  both  accurate  and  automatic. 

As  a  precaution  against  uncertainty,  or  mishap,  involv- 
ing the  safety  of  main  plant,  the  strength  of  mat  loops  and 
of  supporting  lines  is  materially  less  than  any  element 
of  the  carrying  structures.  If,  therefore,  a  trigger  should 
fail  to  trip,  or  other  untoward  incident  eventuate,  the  mat 
loop  involved  would  part,  or  pull,  or  the  suspension  line 
break,  before  more  serious  result  could  develop. 

The  device  employed  at  suspension  points,  suggested  by 
the  Bucyrus  Co.,  of  South  Milwaukee,  Wis.,  consists  of 
a  trigger  attached  to  the  housing  of  a  movable  sheave,  and 
carries  a  pin  held  by  a  spring  in  what  may  be  termed  a 
"locked"  position.  To  "hook  up"  a  mat  for  launching,  this 
pin  is  withdrawn  by  hand  sufficiently  to  pass  the  mat  loop 
between  pin  and  jaw.  The  trip  device  remains  in  the 
"locked"  position  during  the  operation  of  launching,  and 
while  the  mat  is  held  in  suspension.  Connected  to  the 
tops  of  the  several  trigger  pins  are  chains  attached  to  the 
overhead  trusses,  and  of  such  length  as  to  retain  slack 
when  the  running  suspension  cables  have  taken  weight, 
all  chains  being  adjusted  for  as  nearly  the  same  amount 
of  slack  as  practicable.  To  trip  or  release  the  mat  from 
suspension,  it  is  therefore  necessary  only  to  throw  the 
brake  at  the  end  of  shaft  on  center  truss,  whereupon  the 
weight  of  the  mat  itself  overhauls  all  suspending  cables, 
thus  taking  up  the  slack  of  all  trip  chains,  whereupon 
trigger  pins  are  pulled  practically  simultaneously,  and 
the  mat  thus  freed  from  any  connection  to  the  overhead 
structures. 

To  withhold  the  mat  from  movement  with  the  mat  barge, 
during  withdrawal  of  the  latter,  shackle  attachments  are 
made  from  its  upstream  edge  to  trolleys  designed  to  travel 
vertically  upon  spuds  of  the  mooring  barge.  The  mat, 
upon  being  tripped,  will  therefore  continue  under  control 
of  its  attachments  to  these  spud  trolleys,  connection  being 
severed  at  any  predetermined  depth  by  the  withdrawal  of 
shackle  pins.  Upon  release  from  suspension,  the  mat  may 
be  controlled  likewise  by  upstream  and  shore  lines  of 
appropriate  number  and  anchorage. 

To  prevent  the  slab  during  barge  withdrawal  from 
from  attachments  at  its  downstream  edge  to  connections 
from  attachments  at  its  downstream  edge  to  connection 
with  overhead  trusses  near  their  wheel  bearings. 

Eight  concrete  sheets  or  mats  have  thus  far  been  con- 
structed and  launched.  They  were  reinforced  by  ^i-in. 
strand,  around  the  edges  and  on  the  lines  of  suspension 
and  normal  thereto;  by  5'16-in.  strand  running  diagonally 
through  suspension  points,  and  by  triangular  mesh  over 
the  whole  area.  Both  strand  and  mesh  were  variously 
clipped  and  wired  together.  Suspension  loops  were 
formed  of  ^i-in.  round  iron  in  the  shape  of  hooks  of  uni- 
form height  and  were  engaged  about  the  lines  of  strand 
at  their  several  intersections. 

The  first  mat  handled  was  50  ft.  x  50  ft.  x  3  in.,  weigh- 
ing 62,500  lbs.;  the  second  was  122  ft.  x  47  ft.  x  3  in.,  and 
weighed  215,000  lbs.;  the.  last  six  have  been  each  122  ft. 
X  42  ft.  x  3  in.,  weighing  192,000  lbs.  Width  was  reduced 
from  50  ft.  to  47  ft.,  in  order  to  provide  a  somewhat  longer 
bridle  from  spud  trolleys  to  upstream  edge  of  slabs.  It 
was  again  cut  to  42  ft.  in  order  to  reduce  overhang  above 
the  first  line  of  suspension,  which  theretofore  had  caused 
objectionable  droop  of  the  upstream  portion  of  the  mat. 
The  transfer  of  slabs  from  the  mat  barge  to  suspen- 
sion was  accomplished  without  incident  involving  diffi- 
culty or  trouble  of  any  character.  The  general  scheme,  in 
this  regard,  would  appear  to  be  unexceptionable.  Under 
proper  lubrication  of  launching  rollers,  the  mat  barge  may 
be  withdrawn  with  an  insignificant  amount  of  power,  mov- 
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ing  in  fact  entirely  under  the  influence  of  current  and  of 
the  weight  of  the  mat,  once  the  latter  is  started. 

With  two  mats  the  tripping  was  somewhat  ragged,  due 
evidently  to  their  inclination  to  the  horizontal,  in  the 
position  of  suspension.  In  this  respect,  it  developed  that 
if  a  mat  is  released  with  material  inclination  either  up  or 
downstream,  it  will  tend  to  move  or  skid  rather  too  rap- 
idly in  the  direction  of  its  inclination.  This  fact  led  to 
the  suspension  of  the  last  five  mats  in  a  slightly  humped 
or  cupped  shape,  provided  for  by  fixing  the  mid-suspen- 
sion lines  at  shorter  length  than  those  on  either  side. 
The  up  and  downstream  edges  of  these  last  five  mats  have 
thus  been  about  14  to  16  inches  below  mid-section  at  the 
time  of  their  release. 

The  several  slabs  were  launched  over  a  shelving  bank 
in  inshore  depths  of  from  8  to  18  ft.,  and  outer  depths  of 
from  20  to  50  ft.  All  mats  arrived  at  desired  position 
within  reasonable  limits  of  error,  as  indicated  by  corner 
lines. 

Three  slabs  launched  during  a  high  river  have 'been 
partly  exposed  to  view  at  lower  stages.  They  are  to  all 
intents  and  purposes  intact,  being  cracked  only  to  the 
extent  necessary  for  their  accommodation  to  bank  inequal- 
ities, which  are  closely  and  satisfactorily  followed. 

Reference  was  heretofore  made  to  the  fact  that  an  accel- 
erator for  the  hardening  of  concrete  would  be  sought  in 
the  interest  of  increased  plant  capacity.  To  this  end  the 
Bureau  of  Standards  was  requested  to  investigate  the  sub- 
ject, and  to  advise  whether  an  inexpensive  element  was 
discoverable  of  the  properties  desired.  As  a  result  the 
bureau  reported  that  the  addition  to  the  mixing  water 
of  from  3  to  4  per  cent,  by  volume,  of  a  saturated  solution 
of  calcium  chloride  would  accelerate  hardening  to  the  ex- 
tent of  apparently  giving  "results  in  48  hours  equivalent 
to  75  per  cent  to  100  per  cent  of  what  we  normally  get 
in  a  month.  We  have  tried  this  material  out  with  a  num- 
ber of  different  cements  and  in  diflferent  mixtures,  and 
it  has  given  very  satisfactory  results."  The  element 
named  has  been  employed  in  the  manufacture  of  six  slabs 
with  results  consistent  with  the  Bureau's  findings,  from 
which  it  is  concluded  that  relatively  thin  revetment  mats 
can  be  launched  during  "normal  concrete  weather"  within 
48  hours  of  their  manufacture.  The  advantages  re- 
specting plant  capacity  are,  of  course,  obvious.  With 
respect  to  the  degree  of  hardness  required  for  launching, 
it  should  be  observed  that  the  concrete  has  no  especial 
beam  functions  to  perform,  and  that  a  reasonable  amount 
of  cracking  or  disruption  is  entirely  acceptable.  The  con- 
crete rests  somewhat  as  an  inert  load  in  a  hammock  of 
metal  and  thus  requires  hardness  sufficient  but  to  hold  it 
together  against  too  general  disruption  after  having  at- 
tained its  first  set. 

Under  conditions  of  going  work,  the  time  required  for 
handling  or  launching  slab  would  necessarily  be  very 
small.  "Hooking  up"  would  be  accomplished  with  a  mini- 
mum of  personnel  and  time,  since  the  length  of  all  sus- 
pension lines  would  be  standard,  and  the  few  mooring  and 
restraining  cables  involved  would  be  mainly  under  steam 
capstan  control.  It  is  therefore  conservatively  estimated 
that  with  reasonably  resourceful  management,  one  han- 
dling plant  should  dispose  of  five  slabs  or  more  per  day  of 
ten  hours. 

Expenditures  upon  the  experimental  work  outlined  have 
been  such  as  to  suggest  for  comprehensive  work  a  prob- 
able field  cost  of  about  60  cts.  per  square  yard.  A  com- 
parable figure  for  willow  fascine  construction  is  from 
70  cts.  to  80  cts. 

It  will  be  noted  that  the  plant  on  hand  was  designed  to 
handle  continuous  concrete  sheets  125  by  50  ft.,  but  that 
slightly  lesser  sizes  were  employed.  The  only  case  known 
to  the  writer  where  bank  revetment  requires  an  outshore 
dimension  in  excess  of  125  ft.  is  on  the  Lower  Mississippi 
River,  where,  as  stated,  willow  fascine  mattresses  are  in- 
stalled of  a  width  of  at  least  250  ft.  Concrete  revetment 
in  single  sheets  of  this  latter  width  is  believed  to-be  en- 
tirely feasiBle  along  the  lines  described,  since  the  addi- 
tional size  involves  no  essential  complication  beyond  the 
requirement  of  floating  and  other  plant  to  scale,  still  with- 
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ir.  the  limits  of  practicable  construction  and  maneuver. 
Ihe  launching,  suspension  and  release  of  such  slabs 
would  not  increase  unit  stresses  in  any  element  of  the 
operation.  Additional  outshore  dimension  would  simply 
be  met  by  additional  supporting  trusses  and  suspension 
points,  each  carrying  no  more  nor  less  than  its  due  pro- 
portion. Similarly,  no  physical  nor  mechanical  consider- 
ation militates  against  the  handling  of  a  slab  exceeding 
the  50-ft.  dimension,  though  a  limit  in  this  direction  would 
soon  be  reached  by  reason  of  excessive  mat  barge  width, 
as  well  as  the  rapid  increase  of  truss  weights  and  stresses, 
due  to  additional  spans.  However,  a  slab  of  50  ft.  or 
thereabouts  should  be  suitable  and  economical  for  the 
class  of  revetment  involved. 

The  use  of  heavily  reinforced  concrete  sheets  after  the 
manner  described  is  not  necessarily  confined  to  "bank 
revetment.  They  may  be  employed  in  any  situation 
around  or  about  the  base  of  a  structure  to  resist  under- 
cutting or  erosion.  Special  arrangements  for  handling 
sheets  in  such  situations  would  be  required,  the  bulk  of 
which,  however,  would  doubtless  be  well  within  the  field 
of  reasonable  resourcefulness  and  ingenuity. 


TRACTIVE  RESISTANCE  TESTS  WITH  AN  ELECTRIC 
MOTOR  TRUCK. 

The  Research  Division  of  the  Electrical  Engineering  De- 
partment of  the  Massachusetts  Institute  of  Technology 
during  1915  conducted  an  investigation  of  tractive  resist- 
ance of  urban  roads  to  a  motor  delivery  wagon  equipped 
\\ith  solid  rubber  tires.  The  results  of  the  tests  are  de- 
scribed in  a  recentlv  issued  bulletin,  from  which  the  mat- 
ter that  follows  is  taken. 

The  subject  of  the  research  was  to  determine  the  resist- 
•ince,  including  air  resistance,  offered  to  an  electric  truck, 
by  level  urban  roads  of  different  surface  varieties,  at 
standard  truck  speeds  not  exceeding  25  km.  (15.5  miles) 
per  hour.  For  this  purpose,  the  output  of  the  storage  bat- 
tery on  a  test  truck  was  measured,  for  both  directions  of 
iravel,  over  standard  road  beds,  at  different  controller 
speeds.  From  this  output  were  deducted  all  the  corre- 
^ponding  electrical  and  mechanical  losses  in  the  truck 
mechanism,  as  determined  by  laboratory  tests.  The  re- 
mainder of  the  output  was  consequently  attributed  to 
(!)  road-  (2)  air-  and  (3)  wind-resistance.  The  wind 
resistance  was  eliminated  by  averaging  the  results  for 
both  directions  of  running,  leaving  as  the  final  result  the 
sum  of  the  road  and  air  resistances. 

By  "road  resistance"  is  meant  the  horizontal  force  re- 
quired to  pull  the  track,  assumed  as  internally  friction- 
less,  over  the  horizontal  road,  in  the  absence  of  air.  By 
"air  resistance"  is  meant  the  horizontal  force  on  the  truck 
required  to  overcome  the  resistance  of  the  air,  assumed 
as  quiescent  in  the  absence  of  the  truck.  By  "wind  resist- 
ance" is  meant  the  horizontal  force  on  the  truck  necessary 
lo  overcome  the  resistance  of  the  wind  velocity,  or  that 
velocity  of  the  air  with  respect  to  the  ground  which  exists 
in  the  absence  of  the  truck. 

A  1,000-lb.  (450-kg.)  worm-drive,  single-reduction  elec- 
tric truck,  or  delivery  wagon,  was  placed  at  the  disposal 
of  the  Research  Division  for  the  purpose  of  test.  Its  speci- 
fications are  as  follows : 

I.oat1  capacity  l.UOO  lb.   (4riO  kg.),  equipped  with  cne  d-c.  series  motor. 

civerall    length    of    frame 4,2S0  mm.     168^4  in. 

Width   of  frame SCO  mm.       3.5      in. 

W  heel  base  (i.  e..  distance  between  centers  of  front 

and   rear  whoels.   when   fr-int   and   rear  axles  are 

parallelt      2.T.in  mm.     107%  in. 

Wheel   gage    1.470  mm.       ."i8      In. 

The  total  weiKhl  of  the  truck,  including  motor,  batter\'  and  body, 
l.ui  without  load  or  passengers,  was  4.200  lb.  ri.910  kg).  Kach  of 
the  four  wheels  was  equipped  with  one  solid  rubber  demountable  tire 
I  manufactured  for  this  type  of  delivery  wagon  t  rated  .at  36  in.  by 
2".,  in.  (91. o  cm.  by  «.:!.">  cm.  I.  and  actually  measuring  about  33  in. 
i^S  cm.)  tread  diameter,  and  2<i  in.  (6.3.')  cm.)  width  of  base.  The 
brakes  were  of  *he  internal  expanding  type  on  eavh  rear  wheel. 

Typical  results  for  all  classes  of  urban  roads  tested  are 
summarized  graphically  in  Fig.  1,  and  numerically  in 
Table  I.  It  appears  that  there  are  three  principal  elements 
which  determine  the  tractive-resistance-speed  curve  for 
unit  weight  of  a  given  vehicle,  within  the  range  of  condi- 
tions covered  by  this  test : 

(1)  A  constant  resistance,  see  curve  1,  Fig.  2;  the  mag- 
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nitude  A  of  which  depends  on  the  lack  of  resilience  of  the 
road  surface  and  wheel  tire  material,  i.  e.,  on  the  energy 
losses  due  to  displacement  of  tire  material  and  road-sur- 
face material.  This  constant  element  A  would  be  encoun- 
tered upon  a  smooth  level  road  of  the  particular  type  con- 
sidered, in  the  absence  of  impact,  air,  and  wind  resist- 
ances. 

(2)   An    increasing    resistance    with    increasing    speed, 
due  to  impact  losses   (curve  2),  which  results  from  lack 
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Fig.    1 — Summary    of   Traction    Resistance   Tests. 

of  smoothness  of  road  surface;  losses  of  this  nature  are 
usually  known  to  vary  approximately  as  the  second  power 
of  the  velocity  at  impact ;  and 

(3)  An  increasing  resistance  with  increased  speed,  due 
to  air  pressure  against  the  front  of  the  vehicle,  curve  3, 
which  resistance  is  known  to  depend,  roughly,  on  the  sec- 
end  power  of  the  speed.  The  sum  of  the  three  curves  for 
items  1,  2  and  3,  for  the  case  of  asphalt  roads,  results  in 
curve  4.  The  constant  resistance  (1)  may  be  briefly  called 
the  displacement  resistance,  item  2  the  impact  resistance, 
and  item  3  the  air  resistance.  The  displacement  resist- 
ance is  low  for  hard  pavements  and  high  for  soft  pave- 
ments (of  low  resilience).  The  impact  resistance  is  very 
marked  in  granite-block  roads,  as  already  mentioned.  The 
air  resistance,  at  any  definite  velocity,  is  the  same  for  all 
curves;  because  the  air-resisting  parts  of  the  truck  were 
left  unchangied  throughout  the  tests.  For  an  asphalt 
road  in  poor  condition,  at  a  speed  of  20  km.  per  hour  (12.4 
miles  per  hr.)  the  displacement  resistance  is  0.84  per  cent, 
the  air  resistance  is  0.11  per  cent,  the  impact  resistance 
0.20  per  cent  and  the  total  1.15  per  cent  equivalent  grade. 

The  displacement  resistance  of  a  road  manifestly  varies, 
not  only  with  the  type  and  surface  quality  of  the  road, 
but  also  with  the  type,  dimensions  and  quality  of  the  tires 
on  the  wheels  of  the  vehicle.  In  the  tests  here  reported, 
the  same  tires  were  used  throughout,  and  they  remained 
in  substantially  the  same  condition. 

The  impact  resistance  of  a  road  manifestly  depends  not 
only  on  the  type  and  surface  quality  of  the  road,  and  the 
sizes  of  its  irregularities ;  but  also  on  the  type,  dimensions 


and  quality  of  the  wheel  tires,  the  weight  of  the  truck, 
iind  the  quality  of  its  springs. 

The  air  resistance  per  unit  weight  of  truck  manifestly 
depends  upon  the  weight,  dimensions  and  shape  of  the 
vehicle,  as  well  as  on  the  speed  of  the  vehicle  relatively 
to  the  surrounding  air. 

The  wind  resistance  per  unit  weight  of  truck  manifestly 
depends  upon  the  weight,  dimensions  and  shape  of  the 
vehicle,  as  well  as  on  the  direction  and  velocity  of  the 
wind  and  the  velocity  of  the  vehicle.  It  is  assumed  that 
at  low  wind  and  vehicle  speeds,  like  those  here  consid- 
ered, only  that  component  of  the  wind  which  is  in  the 
direction  of  the  vehicle's  path  needs  to  be  taken  into  ac- 
count, and  that  the  mean  of  the  wind  resistance  in  oppo- 
site directions,  along  the  road,  is  zero. 

Summary  of  Conclusions. 

The  following  conclusions  are  indicated  from  the  pre- 
ceding results:  as  confined  to  urban  roads,  with  a  solirl 
rubber  tired  motor  truck  between  the  speed  limits  of  from 
13  to  25  kilometers  per  hour  (8  to  15.5  miles  per  hour). 

(1)  The  over-all  efficiency  of  the  test-truck  mechanism, 
as  described  in  this  report,  between  battery  terminals  and 
rear-wheel  treads,  reached  a  maximum  value  of  about  78 
per  cent,  under  the  most  favorable  conditions. 

(2)  The  mechanical  efficiency  of  transmission  from 
motor  shaft  to  rear-wheel   treads,   for  the  truck  tested, 
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Fig.   2 — Approximate   Analysis  of  Typical   Tractive   Resistance    Into   Its 
Elements    for    Asphalt    Road    in    Poor    Condition. 


shaft-driven  through  a  single-reduction  worm  gear,  was 
found  as  high  as  90  per  cent. 

(3)  Tractive  resistances  are  most  conveniently  ex- 
pressed as  an  equivalent  percentage  grade;  i.  e.,  a  level 
road  of  definite  tractive  resistance  may  be  regarded  as  a 
road  of  zero  tractive  resistance,  but  rising  uniformly  x 
units  in  100  units  of  road  length,  or  having  an  equivalent 
grade  of  x  per  cent. 

(4)  Under  the  conditions  of  these  tests,  the  tractive 
resistance  on  level  roads,  in  the  absence  of  wind,  is  com- 


T.\BLE  I.— SUMM.VRY  OF  TR.\CTIVE  RESISTANCES  OF    DIFFERENT    URBAN    RO.\DS    AT    DIFFERENT    SPEEDS. 
All  tractive   resistances   are   expressed   in   equivalent   per   cent   grade. 

Per  cent  increase  in 
Equivalent  per  cent  grade.  tractive  resistance     Comparative  tractive  resistance 


Road. 

Type.  Condition. 

.\spluilt    good 

.\sphalt    poor 

\\'ood  block good 

Rriok  block good 

Brick  block slightly  worn 

Oranite  block good 

Oranite  block  with  cement  joints...  good 

Macadam,    water  bonded dry  and  hard 

Macadam,    water  bonded fair,  heavily  oiled 

Macadam,    water  bonded poor,  damp 

some  holes 

Tar   macadam good 

Tar   macadam very  soft 

Tar   macadam many  holes,  ex- 
tremely poor,  soft 

Cinder   fair,  hard 

Travel   fair,  dusty 


at  16  km./hr.  (10     at  20  km./hr.  (12.4 
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posed  of  (a)   displacement  resistance,   (b)   impact  resist- 
ance, and  (c)  air  resistance. 

(5)  The  displacement  resistance  varied  from  0.85  per 
cent  equivalent  grade,  for  a  hard,  smooth  asphalt  or  bitu- 
minous concrete  to  1.6  per  cent  for  a  very  soft  tar-macad- 
am road,  and  was  practically  constant,  for  all  speeds  con- 
sidered, on  any  given  road. 

(6)  The  impact  resistance  increases  with  the  velocity, 
with  the  total  weight  of  vehicle,  and  with  increasing  road- 
surface  roughness.  In  these  tests,  the  impact  resistance 
of  good  asphalt  or  bitulithic  or  other  smooth  pavement,  was 
practically  negligible,  and  reached  its  highest  values  on 
granite-block  roads  with  sand  filled  joints,  and  on  badly 
worn  macadam  pavements.  The  rate  of  increase  of  impact 
resistance  with  speed  was  most  marked  on  the  roughest 
roads. 

(7)  At  the  vehicle  speed  of  20  km.  (12.4  miles)  per 
hour,  the  air  resistance  for  the  vehicle  tested,  assumed  to 
be  dependent  only  on  the  speed,  was  roughly  0.11  per  cent 
equivalent  grade;  i.  e.,  from  4  per  cent  of  the  highest,  to 
12.5  per  cent  of  the  lowest,  total  tractive  resistance. 

(8)  The  following  urban  pavements  are  numerated  in 
the  order  of  their  desirability  for  vehicle  operation  from 
the  point  of  view  of  tractive  resistance  at  20  km.  (12.4 
miles)  per  hr.,  as  found  in  this  investigation.  (1)  asphalt, 
(2)  wood  block,  (3)  hard,  smooth  macadam,  (4)  brick 
block,  (5)  granite  block  with  cement-filled  joints,  (6) 
cinder,  (7)  gravel,  (8)  granite  block  with  sand-filled  joints. 

(9)  The  equivalent  grade  at  20  km.  (12.4  miles)  per  hr. 
of  a  badly  worn  city  macadam  road,  was  found  to  be 
nearly  three  times  as  great  as  that  of  the  best  asphalt  road 
tested.  This  means,  at  this  speed,  a  consumption  of  en- 
ergy at  wheel  treads,  of  nearly  three  times  as  much  on 
level  poor  macadam  roads  as  on  good  level  asphalt  roads. 

(10)  Increasing  the  gross  weight  of  the  vehicle  by  12 
per  cent,  through  load,  was  found  to  have  no  effect  on 
tractive  resistance  within  the  observed  speed  limits  for 
smooth  roads  in  good  condition;  but  on  rough  roads,  a 
distinct  increase  in  tractive  resistance  with  this  extra 
weight  was  observed. 

(11)  The  presence  of  a  layer  of  dust,  say  1  cm.  thick. 
on  a  fair  macadam  road,  was  found  to  increase  the  equiv- 
alent grade  of  tractive  resistance,  at  all  tested  speeds,  by 
about  0.15  per  cent. 

(12)  A  freshly  tarred  and  therefore  very  soft  tar-mac- 
adam road  was  found  to  have  an  increased  tractive  resist- 
ance equivalent,  at  substantially  all  tested  speeds,  of  about 
0.5  per  cent.  The  tires  in  this  case  sank  about  0.8  in.  (2 
cm.)  into  the  road  bed,  the  gross  car  weight  being  2,140 
kg.  (4,710  lb.). 

(13)  The  total  range  of  tractive  resistance  equivalent 
grade  covered  in  the  tests,  fas  from  0.93  per  cent  on  the 
best  asphalt  road,  at  lowest  speed,  to  2.7  per  cent  on  the 
worst  macadam  road,  at  nearly  the  highest  speed. 


MARKETING  ENGINEERING  ABILITY.* 

The  engineering  profession  has  grown  so  rapidly  and 
the  demands  upon  it  have  been  so  great  during  the  last 
decade  that  too  little  opportunity  has  been  offered  its 
members  to  look  to  the  right  and  to  the  left  in  order  the 
more  readily  to  correlate  its  problems  with  the  world  of 
commerce,  art,  jurisprudence  and  the  humanities  with 
which  they  are  necessarily  so  closely  affiliated. 

Engineering  schools  have  developed  satisfactorily,  it 
may  be  said,  the  technique  of  engineering  training.  Engi- 
neering ability  per  se  is  not  to  be  seriously  criticised,  but 
rather  the  marketing  of  that  training  in  the  public  mart 
of  twentieth  century  demands. 

Coal  of  very  high  heating  value  may  be  purchased  at 
less  than  $1  per  ton  at  the  mines.  It  is  the  placing  of  the 
coal  under  the  boiler  in  a  distant  city  that  contributes 
most  to  the  shock  now  associated  with  the  average  coal 
bill.  The  energy  of  falling  water  is  thought  to  be  a  free 
gift  of  nature  in  the  distant  mountains,  and  so  it  is;  but 
the  competitive  market  in  the  metropolis  finds  the  energy 

•From  a.T\  address  by  C.  Francis  Harding:.  Professor  of  Electrical 
Engineering  Purdue  University,  delivered  before  the  American  Asso- 
ciation of  Engineers.  The  address  is  printed  in  full  in  The  Monad, 
the  official  organ  of  the  Association. 
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quite  as  dear  as  that  produced  from  coal  in  the  steam 
turbine.  It  is  the  marketing  process,  therefore,  that  calls 
forth  the  capital  to  conserve  the  waterpower  cf  the  wilder- 
ness and  to  build  the  transmission  lines  over  almost  inac- 
cessible territory.  The  average  young  engineer  of  today 
fills  all  too  well  a  closely  analogous  position.  He  has  the 
latent  technicaf  ability,  but  lacks  the  wherewithal  to  pro- 
vide that  ability  with  the  handle  which  the  layman,  the 
business  manager  and  the  town  council  must  necessarily 
grasp  if  the  engineering  profession  is  to  be  elevated  to 
the  position  occupied  in  the  public  mind  by  the  physician 
and  lawyer. 

It  will  be  granted  that  the  average  engineer  is  tech- 
nically well  trained.  Graduates  of  technical  schools  of 
recognized  standing  are  rightfully  assumed  to  be  suf- 
ficiently familiar  with  the  fundamentals  underlying  the 
branch  of  the  profession  in  which  they  have  decided  to 
specialize.  The  employer  and  the  public,  however,  justly 
demand  more  than  this  relatively  small  portion  of  the 
qualifications  necessary  for  engineering  success.  The  im- 
portance of  such  qualities  as  good  habits,  self-reliance, 
industry,  honesty,  punctuality,  initiative,  .system,  popu- 
larit}',  etc.,  which  are  not  directly  reflected  in  the  grade  a 
student  may  make  in  school,  might  be  considered  at  con- 
siderable length.  It  is  the  purpose  of  this  discussion, 
however,  to  focus  your  attention  upon  those  attributes 
only  which  will  be  recognized  as  indispensable,  although 
too  often  rusted,  tools  which  must  not  only  be  firmly 
grasped,  but  wielded  skillfully  in  marketing  ones  tech- 
nical ability.  Nor  is  it  to  be  inferred  that  the  object  is 
solely  to  secure  more  salary ;  for  an  endeavor  will  be  made 
to  convince  the  younger  engineers  in  particular,  that  the 
success  and  enjoyment  of  life  for  which  everyone  upon 
this  earth  is  striving  are  not  measured  in  dollars  and 
cents  alone. 

But  you  inquire,  "How  is  this  bond  between  the  engi- 
neer and  the  employer  or  the  public  to  be  strengthened, 
and  how  may  this  organization  assist  in  this  worthy  en- 
deavor? First,  it  may  be  said,  convince  the  young  engi- 
neer of  the  importance  of  good  written  English  and  the 
necessity  of  clear  and  concise  verbal  presentation  of  his 
recommendations  to  a  non-technical  individual  or  audi- 
ence. 

Let  your  statements  acquire  the  valuable  qualities 
known  as  conciseness  and  brevity.  Webster  makes  these 
two  words  synonymous.  Abe  Martin  says,  however,  "A 
synonym  is  what  one  writes  when  he  is  unable  to  spell 
the  correct  word."  It  seemed  advisable,  therefore,  in  this 
case,  to  use  both  terms  lest  someone  quote  the  Indiana 
wit  by  way  of  criticism.  Every  engineer  will  appreciate 
the  inspector's  report  which  listed  tH"e  fabricated  steel  as 
1G1;1G2;2FB1,  etc.,  in  contrast  to  that  of  another 
employe  who  returned  with  the  statement  that  he  found 
"Six  big  pieces  and  a  lot  of  little  pieces."  It  has  been 
well  said,  "You  can  please,  you  can  plead,  you  can  in- 
struct, you  can  command  or  you  can  rebuke,  in  each  case 
with  the  right  use  of  words,  and  the  right  degree  of 
emphasis,  if  you  can  use  correctly  the  English  language." 

Whereas  a  mastery  of  both  spoken  and  written  English 
is  more  readily  recognized  as  a  vital  agent  which  the  suc- 
cessful engineer  must  command,  a  thoroughly  knowledge 
should  be  acquired  of  the  business  principles  with  which 
his  audience  is  too  often  more  conversant  than  himself. 
Who  shall  interpret  into  the  language  of  dollars  and  cents 
the  estimates  and  findings  of  the  engineer?  Can  anyone 
but  him  analyze  as  intelligently  the  valuations  upon' 
which  the  corporation  is  to  base  its  rate  schedules? 
Surely  no  one  will  question  the  justification  of  such  a  one 
suggesting  to  commission  or  court  the  fair  and  equitable 
gross  income  which  should  be  allowed  a  railway  corpora- 
tion in  order  that  it  may  pay  a  reasonable  dividend  upon 
its  stock,  when  he  is  perhaps  more  conversant  than  any- 
one else  with  the  construction,  operating  problems  and 
costs  of  the  particular  utility  in  question.  But  the  aver- 
age young  engineer  knows  little  or  nothing  about  rates, 
dividends,  capitalization,  stocks,  bonds,  etc.  But  what  is 
worse,  many  consider  it  none  of  their  affair.  Such  are 
likely  to  make  an  adverse  criticism  of  the  status  of  the 
engineering  profession  their  first  matter  of  business. 
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ENGINEERING 
AND     CONTRACTING 


An  estimate  of  the  cost  of  an  engineering  project  often 
forms  the  connecting  link  between  the  business  world  and 
the  engineer.  The  business  manager,  the  banker,  courts 
and  commissions  judge  the  engineer  by  that  portion  of 
his  work  with  which  they  are  familiar,  i.  e.,  estimated 
costs  of  construction,  court  testimony  or  appraisals  of 
property.  One  commissioner  in  particular  in  a  public 
address  has  severely  criticised  the  engineering  profession 
in  general,  because  two  or  three  engineers  varied  by  a 
margin  of  10  per  cent  upon  a  $7,000,000  appraisal  in  which 
"going  value"  entered  as  a  large  factor.  He  argued  that 
engineering  was  an  exact  science,  and  that  unless  the  esti- 
mates of  engineers  could  be  made  as  exact  as  the  sci- 
ence they  represent,  the  profession  was  at  fault.  This 
example  is  quoted,  not  because  of  the  justice  of  the  criti- 
cism, but  rather  to  indicate  the  basis  upon  which  the  pro- 
fession as  a  whole  is  often  falsely  judged.  Engineering 
was  in  this  case  shorn  of  its  art,  and  the  important  ele- 
ment of  personal  experience  behind  the  judgment  of  able 
engineers  was  left  out  of  consideration. 

Accounting  practice  and  the  proper  treatment  of  depre- 
ciation reserves  should  be  matters  of  common  knowledge 
to  the  engineer.  Who  can  say  but  what  many  of  the  finan- 
cial disasters  in  the  railroad  history  of  the  country  might 
not  have  been  avoided  had  the  engineers  been  sufficiently 
cognizant  of  the  reserves  which  should  have  been  set  aside 
to  provide  for  the  evil  day  in  which  the  depreciation  curve, 
which  has  gradually  been  recording  the  decay  of  equip- 
ment, suddenly  lowers  the  valuation  of  the  property  by 
leaps  and  bounds?  Should  not  the  young  engineers  who 
will  soon  be  estimating  the  operating  expenses  of  electrifi- 
cation in  Chicago,  for  instance,  know  something  of  the 
effects  that  an  error  in  calculation  or  judgment  may  have 
upon  the  dividends  which  such  a  road  may  pay  upon  in- 
vested capital? 

Business  knowledge,  however,  even  when  coupled  with 
a  command  of  one's  mother  tongue,  would  fall  short  of 
the  market  demands  upon  the  engineer  without  the  neces- 
sary tact  which  must  be  exercised  in  all  relations  with 
the  public.  In  a  recent  investigation  made  by  a  sub-com- 
mittee of  the  National  Electric  Light  Association,  of  which 
the  speaker  acted  as  chairman,  the  following  significant 
statement  was  submitted  by  one  of  the  prominent  man- 
agers of  the  west: 

It  is  my  opinion  that  tact  is  one  of  the  most  important  things  in 
the  public  utility  business  today,  if  not  the  most  important.  Tact  and 
the  habit  of  accurate  thinljing  are  essential,  and  I  would  say  we  must 
add  to  these  a  good  allowance  of  energy.  My  observations  in  the 
whole  northwest  lead  me  to  believi  that  most  of  the  executive  failures 
in  this  part  of  the  country  were  due  to  lack  of  tact,  and  also  to  lack 
of  ability  to  think  rapidly.  A  technical  graduate  is  too  often  inclined 
to  follow  strictly  the  letter  of  the  law.  This  is  because  he  has  to  deal 
so  much  with  absolute  natural  laws  which  cculd  not  be  tinkered  with. 
whereas  the  executive  and  the  coinmercial  men  have  to  deal  with 
human  beings,  who,  as  far  as  I  can  discover,  do  not  follow  any  laws 
at  all. 

The  executive  quite  often  fills  the  gap  between  the  engi- 
neering department  and  the  board  of  directors  of  the  pub- 
lic. He  acts  as  the  buffer  to  receive  the  rough  edges  of 
the  average  engineering  report,  and  to  polish  its  surfaces 
that  they  may  make  better  contact  with  the  layman  and 
the  financier.  Unfortunately  he  must  frequently  stand 
upon  the  fence  picking  the  rough  burrs  from  the  tree  of 
scientific  investigation  which  he  must  laboriously  open 
before  the  tender  kernels  of  opportunity  for  investment 
are  disclosed.  The  term  "executive  ability"  has  come  to 
mean  "marketing  ability"  in  many  corporations.  It  is  a 
comprehensive  quality  involving  many  of  the  factors 
previously  discussed.  It  has  been  well  defined  as  "The 
ability  to  get  others  to  do  what  you  wish  done  while  they 
at  the  same  time  are  doing  what  they  wish  most  to  ac- 
complish." 

It  was  said  of  the  late  George  Westinghouse : 

He  is  in  control  of  enormous  manufacturing  companies  in  both 
hemispheres.  The  world  is  his  field.  No  routine  duties  in  any  of  his 
score  of  companies  sap  his  energy.  He  thinks,  others  act.  More  than 
that,  he  inspires,  an  hundred  think,  ten  thousand  act.  Some  of  his 
great  spirit  filters  down  through  all  of  the  organization,  yet  each  man 
has  his  area  of  responsibility,  in  which  he  is  perfectly  free  to  foUow 
his  own  work  in  his  own  way.  Such  a  policy  develops  men,  broadens 
them,  fits  them  for  higher  duties,  and  by  the  same  means  secures  the 
realization  of  a  great  man's  ideals.  It  is  using  other  men,  including 
their  wills,  in  the  execution  of  one's  plan. 


Yet  George  Westinghouse  was  an  engineer,  first  last 
and  always.  There  are  many  such  in  executive  offices  in 
this  day.  The  number  is  rapidly  increasing.  Whereas 
we  may  grant  for  the  sake  of  argument,  the  claim  of 
skeptics  that  executive  ability  is  born  and  not  made,  it 
must  be  admitted  that  such  a  quality  is  often  latent  and 
lies  dormant  for  years  in  many  a  human  system.  It  is 
within  the  power  and  very  much  the  duty  of  this  organ- 
ization to  awaken  such  latent  energy  among  its  members 
and  lift,  those  by  their  own  bootstraps,  as  it  were,  who 
have  the  necessary  qualities  previously  outlined,  or,  even 
better,  the  ambition  and  initiative  to  develop  such  at- 
tributes, out  of  the  ruts  of  the  drafting  room  and  record 
cases  into  the  chair  of  the  superintendent  and  manager. 
This  organization  can  do  much  to  place  the  engineering 
profession  upon  a  high  ethical  and  cultural  plane  if  it 
will  hitch  its  wagon  to  a  fixed  star  and  hold  fast  to  its 
moorings  with  a  bulldog  tenacity  until  the  world  sees  its 
determination  and  recognizes  its  merit. 


NEWS  LETTERS. 
St.  Louis  Items. 

The  Heman  Consftruction  Co..  754  Title  Guaranty  Bldg.,  St.  Louis, 
-Mo.,  has  a  couple  of  miles  of  new  electric  line  work  in  Southern 
Illinois  to  sublet.    There  is  some  elegant  team  work  on  this  piece. 

Newt  AVilcoxen  is  back  in  the  harness  again  ■  as  manager  of  the 
St.  Paul  office  of  Clapp.  Norstrom  &  Riley.  Contractors  when  in  St. 
Paul  drop  in  Rooms  130S-9  Pioneer  Bldg,.  and  see  them. 

Mulvill  Bros.,  of  Alton,  111.,  have  three  small  pieces  of  work  in  the 
neighborhood  of  Alton  and  Woodriver.   111.,   to  sublet. 

Keating  Bros,  report  that  they  have  enough  work  on  the  Chicago 
&    Illinois  Midland   R.    R.    near  Auburn.    111.,    to   hold   them   all   winter. 

-V.  W.  Nyquist  is  now  with  the  DuPont  Powder  Co.  at  Asliliurn,  Mo. 

Chas.  Nagel  is  taking  life  easy  at  LaGrange,  Mo.  Nagel  is  getting 
out  a  little  rock  for  shore  protection  work. 

The  Missouri  Valley  Construction  Co.  has  increased  forces  on  its 
rip-rap  work  on  the  east  side  of  the  river  here. 

J.  E.  Lyman,  a  first  class  all  around  railroad  superintendent,  is 
here  idle  at  present. 

D.  A.  McLaughlin  left  here  for  Worthington,  Ohio,  where  he  is 
going  to  boss  a  job  of  track  laying  and  steam  shovel  work. 

P.  J.  Murphy.  Moberly,  Mo.,  has  15,000  yd.  of  betterment,  -t.OOO  yd. 
of  which  is  good  station  work,  to  let  on  the  Wabash  R.  R.  Free 
transportation   for  labor  and  outfits. 

Mc-\rthur  Bros.  Co.,  120  Broadway,  New  York  City,  has  600.000  yd. 
of  steam  shovel  work  and  7,500  yd.  of  concrete  work  on  eiglit  miles 
new  line  for  Pennsylvania  R.  R.,  40  miles  west  of  Pittsburgh.  Pa., 
to  sublet. 

Roach  &  Stansell's  bid  of  15.38  ct.  was  the  lowest  received  here 
by  the  Mississippi  River  Commission  Dec.  4,  1916,  for  constructing 
100.00  cu.  yd.  of  earth  work  in  the  East  Cape  Girardeau  and  Clear 
Creek  Drainage  District,  111. 

D.  O.  Sullivan  came  in  from  McClure,  III.,  to  attend  the  East  Cape 
Girardeau  Government  levee  letting.  This  levee  is  being  built  right 
alongside  of  his  farm  and  Sullivan  was  very  anxious  to  get  this 
piece  of  work,  but  bid  a  little  too  high. 


PERSONALS. 

John  L.  Howard  has  been  appointed  assistant  to  the  chief  engineer 
of  waterworks  of  the  Metropolitan  Water  and  Sewerage  Board.  Boston, 
Mass.  Mr.  Howard  until  recently  has  been  assistant  engineer  to  the 
directors  of  the  Port  of  Boston. 

Pearl  A.  Little  of  Frederick,  Okla..  county  engineer  of  Tillman 
County,  has  been  appointed  county  manager.  The  duties  of  his 
position  include  constructing  roads  and  bridges,  buying  all  material 
and  keeping  a  system  of  accounts. 

Emil  A.  Bechstein,  for  a  number  of  years  general  manager  of  the 
Sandusky,  O..  Gas  &  Electric  Co.,  has  been  elected  second  vice 
president  of  that  company,  succeeding  P.  -\.  Staples.  Mr.  Bechstein 
is  also  president  of  the  Ohio  Electric  Light  Ass'n. 

J.  P.  Clarke  and  Thos.  B.  Powell  nave  organized  the  firm  of 
Powell  &  Clarke  and  will  engage  in  a  civil  and  mining  engineering 
business  with  office  at  .Ashland,  Ky.  M'r.  Clarke  until  recently  was 
with  the  city  engineers'  department  of  Richard.  Va.,  and  Mr.  Powell 
wa.s  with  the  engineering  department  of  the  Chesapeake  &   Ohio  Ry. 

P.  A.  Staples,  formerly  vice-president  and  general  manager  of  the 
New  Jersey  Power  &  Light  Co..  Dover,  N.  J.,  and  second  vice  president 
of  the  Sandusky  Gas  &  Electric  Co.,  has  been  elected  vice  president 
and  general  manager  of  the  Binghamton,  N.  Y.,  Light,  Heat  &  Power 
Co.,  succeeding  S.  H.  Dailey,  who  has  been  inade  general  manager 
of  the  public  tililities  operating  in  Lexington,   Ky. 


INDUSTRIAL  NOTES. 

The  W.  W.  Williams  Co.  has  succeeded  to  the  business  of  W.  W. 
Williams.  Brunson  Bldg.,  Columbus.  O.,  representing  the  Koehring 
Machine  Co.,   and   Sterling  ]Motor  Truck. 

The  Catholic  Bishop  of  Chicago  has  authorized  Rajnnond  piles 
in  the  foundation  of  the  Preparatory  Seminary,  Chicago,  111.  A  hotel 
buildin.g  for  Wheelock  &  Shank,  Chicago,  111.,  will  be  supported  on 
Raymoiid  concrete  piles. 

D.  L.  Sacks,  who  for  the  past  five  years  has  been  associated  with 
tlie  St.  Louis  branch  of  H.  W.  Johns-Manville  Co.,  has  now  taken 
charge  of  the  advertising  department  of  the  Walter  A.  Zelnicker 
Supply  Co..    St.    Louis,   Mo. 

Among  the  contracts  recently  awarded  the  Raymond  Concrete  Pile 
Co.  of  New  York  and  Chicago  are  the  following:  Raymond  concrete 
piles  in  the  foundation  of  new  round  house  for  the  l^w  York,  New 
Haven  &  Hartford  R.  R.,  South  Boston,  Mass.  Raymond  pile  founda- 
tion for  a  new  building  for  the  Providence  Telephone  Co.,  Providence, 
R.  I.  Concrete  piles  under  the  Kaufman  Warehouse,  Pittsburgh.  Pa., 
for  the  Investment  Land  Co.  Raymond  piles  in  the  foundation  of  a 
new  building  for  the  Oakes  Mfg.  Co..  at  Stein  way,  L.  I.  John  A. 
Roebling  &  Sons  Co.  has  ordered  Raymond  piles  for  the  foundation 
of  an  extension  to  their  wire  mill  at  Roebling,  N.  J.  Concrete  piles 
in  the  foundation  of  a  garage  for  the  Bush  Termin.al  Co.,  South 
Brooklyn,  N.  Y.  Piling  for  the  .4fton  Development  Co..  at  Afton,  N.  Y. 
Quartermen's  houses,  concrete  piles,  special  concrete  construction, 
and   water   intake  for  the   Bethlehem   Steel   Co.,    Sparrows   Point,   Md. 
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A  BIG  TO.\D  IN  A  LITTLE  PUDDLE  OR  A  TAD- 
POLE IN  A  LAKE— WHICH? 

To  the  young  man  entering  any  profession  or  business 
there  is  sure  to  come  this  question:  Shall  I  seek  a  po- 
sition of  small  responsibility  in  a  large  organization,  or 
is  it  preferable  to  join  a  small  organization  where  my  re- 
sponsibility is  likely  to  be  greater? 

We  note  that  in  his  presidential  address  before  the  In- 
stitution of  Civil  Engineers,  Sir  Maurice  Fitzmaurice  ad- 
vises young  engineers  to  seek  positions  "on  a  large  work 
with  a  small  salary,"  in  preference  to  a  resident  engi- 
neership  "on  a  small,  unimportant  work  at  a  higher  sal- 
ary." He  gives  as  his  main  reasons  three  advantages  that 
come  from  being  one  of  a  large  organization:  First,  the 
opportunity  of  seeing  "a  little  of  almost  every  class  of 
work."  Second,  the  daily  intercourse  with  many  other 
engineers,  which,  through  emulation,  spurs  ambition. 
Third,  the  "engineering  atmosphere,  which  may  have  a 
real  influence  on  the  life  of  a  young  engineer." 

This  is  a  fairly  complete  enumeration  of  the  advan- 
tages of  being  one  of  many  engineering  assistants  on  a 
large  job,  but  perhaps  the  most  important  one  is  not 
named  by  Sir  Fitzmaurice.  The  opportunity  of  becom- 
ing acquainted  with  the  methods  of  the  chief  engineer 
and  his  right-hand  men,  and,  to  some  extent,  with  these 
men  themselves,  is  itself  often  an  educational  influence 
of  the  greatest  importance. 

On  the  other  hand,  there  are  certain  marked  advan- 
tages that  come  from  being  "a  big  toad  in  a  small  pud- 
dle," namely:  First,  self-reliance  is  developed  at  a  more 
rapid  rate.  Second,  e.xecutive  ability  is  more  apt  to  be 
called  forth.  Third,  concentration  of  effort  in  a  narrow 
field  is  more  apt  to  develop  good  habits  of  work  than 
seeing  a  great  variety  of  work  done  by  other  men. 

The  writer  passed  his  first  four  years  of  post-graduate 
experience  on  small  jobs,  where  his  responsibilities  were 
large.  Then  followed  two  years  of  work  as  a  smaller 
cog  in  a  very  large  engineering  work.  Looking  back  upon 
the  training  secured  in  these  two  classes  of  work,  the 
writer  would  place  them  both  on  about  an  equal  plane, 
and  neither  one  to  be  given  up  for  more  of  the  other  kind. 
In  short,  he  believes  that  it  is  highly  beneficial,  particu- 
larly right  after  four  years  of  engineering  study,  for  a 
young  engineer  to  secure  a  responsible  position  on  a 
small  construction  job.  Self-reliance  is  thus  developed, 
and,  even  if  it  becomes  exaggerated  into  "swell  headed- 
ness,"  self-reliance  is  preferable  to  knowledge  gained 
from  seeing  other  men  do  things. 

A  debate  on  the  relative  advantages  of  big  and  little 
works  as  places  for  gaining  experience  might  have  no 
end,  so  long  as  statistics  are  not  produced.  The  editor 
knows  many  highly  successful  men  who  have  started 
early  in  life  as  "big  toads,  etc."  Highly  successful  men 
of  his  acquaintance  who  have  begun  in  this  manner  out- 
number those  who  have  started  as  small  cogs  in  a  big 
machine. 

The  owner  of  one  of  the  largest  department  stores  in 
America  recently  said:  "It  is  a  rather  curious  fact  that 
most  of  the  heads  of  my  different  departments  started 
in  small  town  stores." 

Wouldn't  it  be  not  only  interesting  but  very  instruc- 


tive to  gather  statistics  about  highly  successful  men  of 
all  classes,  with  a  view  to  ascertaining  whether  or  not 
it  is  preferable  for  the  average  man  to  start  in  a  responsi- 
ble position  on  a  small  enterprise  or  as  a  flyspeck  on  a 
big  one? 


"TO  DO  ANYTHING  REALLY  WELL,  THERE'S 
ONLY  ONE  WAY—" 

A  recent  advertisement  in  a  Cleveland  newspaper  be- 
gins with  the  words  above  quoted,  and  then  it  adds: 

"Admit  you  don't  know  and  ask  questions. 

"Pattern  after  those  who  have  succeeded. 

"Read  everything  written  on  the  subject. 

"Get  everybody's  ideas. 

"Know  all  about  it." 

That  is  the  advice  of  the  People's  Savings  Bank,  and 
it  offers  as  a  reason  why  the  reader  should  ask  them  for 
a  book  on  "Home  Economy"  by  "a  woman  who  knows." 

Among  the  five  sentences  of  advice  not  one  is  new,  and 
every  one  is  self-evidently  ideal.  Yet  few  people  habit- 
ually act  upon  such  advice.  Take  the  matter  of  reading 
what  has  been  written  on  the  subject — any  subject  that  a 
man  is  really  interested  in — and  note  how  seldom  the  at- 
tempt is  made  to  read  even  the  most  important  parts  of 
its  literature.  To  read  "everything"  on  certain  topics  is, 
perhaps,  physically  impossible,  but  to  read  everything 
of  known  worth  is  often  a  relatively  easy  task.  In  straight- 
away text,  involving  no  study  of  formulas  or  the  like,  a 
man  can  read  a  page  a  minute  where  there  are  about  30t> 
words  to  the  page.  Hence  in  a  day  of  seven  hours  steady 
reading,  a  book  of  400  pages  can  be  absorbed.  If  the  sub- 
ject matter  is  difficult  or  if  it  is  new  in  its  import,  a  sec- 
ond or  even  a  third  reading  may  be  necessary  before  a 
complete  grasp  of  it  is  had.  But  even  so,  how  small  is  the 
time  and  the  effort  involved  in  thus  making  the  experi- 
ences of  other  men  your  own. 

If  reading  on  scientific  subjects  were  regarded  as  a 
process  of  acquiring  experience  rather  than  as  a  self- 
inflicted  duty,  we  doubt  not  that  vastly  more  time  would 
be  spent  in  reading  books  and  periodicals;  for  what  one 
of  us  is  there  who  does  not  take  pride  in  his  experience? 

What  is  experience?  Knowledge  gained  as  to  the  ac- 
tion of  the  various  energy-groups  that  constitute  the  uni- 
verse. It  is  true  that  the  knowledge  that  a  man  acquires 
at  first  hand — by  direct  contact  with  other  men  and  with 
nature — is  the  sort  of  experience  most  apt  to  dive  deeper 
than  the  iris  of  the  eye  or  the  tympanum  of  the  ear.  But 
that  is  absolutely  the  only  reason  why  first  hand  knowl- 
edge is  apt  to  be  better  than  that  secured  through  the 
channels  of  human  communication.  Of  course,  there  is 
usually  this  defect  in  the  written  or  spoken  word,  namely, 
that  it  does  not  convey  all  the  facts  and  conditions  that 
were  observed  by  the  writer  or  speaker.  That  defect, 
however,  should  not  serve  to  deter  us  from  a  study  of  the 
recorded  experience  of  others,  with  a  view  to  making  their 
experience  ours,  in  so  far  as  we  can  ascertain  and  absorb 
their  experience. 

It  is  the  province  of  an  author  to  omit  no  essential  part 
of  the  experience  picture  that  he  paints  with  language, 
drawings  and  other  symbols  of  energy-groups.     The  true 
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skill  of  an  author  depends  on  the  completeness  with  which 
he  attains  this  object. 

We  have,  during  the  last  ten  years,  noted  a  very  marked 
improvement  in  the  completeness  of  the  average  paper 
read  before  an  engineering  society.  The  experience  pic- 
tures are  more  faithfully  and  fully  painted.  The  same  holds 
as  to  the  articles  in  the  best  technical  papers.  There  still 
persists,  however,  a  tendency  to  describe  facts  that  have  no 
evident  bearing  upon  the  usable  part  of  the  experience 
that  is  being  recorded.  Thus,  it  detracts,  rather  than  adds 
to  the  clarity  of  the  picture,  to  tell  how  many  yards  of 
concrete  were  placed  each  and  every  day  of  the  month  or 
year.  The  average,  the  maximum  and  the  minimum  day's 
performance  should  be  given,  and  usually  that  is  enough. 
If  there  is  departure  from  such  a  rule,  it  should  be  to 
illustrate  the  effect  of  some  stated  cause.  For  example, 
the  output  in  freezing  weather  may  fall  below  the  average 
for  the  year.     This  certainly  should  be  shown. 

Recorded  experience  is,  admittedly  defective  in  many 
cases,  but  we  are  striving  to  reduce  the  defects  and  we  are 
succeeding  in  our  efforts.  Success  in  this  effort  is  proven 
by  the  fact  that  books  and  papers  on  engineering  matter 
are  finding  more  readers  every  year. 

"Get  everybody's  ideas."  And  when  you  do,  you  will 
have  become  aged  in  experience,  even  while  you  are  still 
young.  Who  was  it  that  said:  "We  speak  of  the  ancients 
as  the  experienced  wise  men.  Yet  it  is  we  moderns  who 
have  the  experience  and  wisdom  of  all  past  time,  and  our 
own  added  thereto." 


Records  such  as  this  are  not  numerous  in  this  country, 
mainly  because  the  functional  or  economic  life  of  the 
bridges  usually  ends  long  before  the  end  of  the  natural 
life  is  in  sight.  Probably  the  natural  life  of  a  modern 
steel  bridge  would  considerable  exceed  a  century,  if  kept 
well  painted  and  not  subject  to  acid  fumes  from  locomo- 
tives or  other  similar  agencies  of  destruction. 


TWO  OF  THE  LUTEN  PATENTS  ON  REINFORCED 
CONCRETE  DECLARED  INVALID. 

Suits  for  infringement  of  reinforced  concrete  patents 
less  than  10  years'  old  have  not  been  resulting  favorably 
for  many  inventors.  Among  the  latest  of  these  suits  was 
one  in  Ohio  for  infringement  of  patents  Nos.  853,203  and 
1,070,903,  by  Daniel  B.  Luten,  which  was  decided  against 
the  inventor. 

Judge  Slater  of  the  U.  S.  District  Court,  ruled  that 
there  was  only  "mechanical  skill"  and  absence  of  inven- 
tion in  these  two  patents.  Patent  No.  853,203  relates  to 
spandrel-wall  arch  in  which  the  reinforcement  of  the 
spandrel  and  the  arch  rib  is  continuous,  as  to  which 
Judge  Slater  said  that  the  union  of  two  rods  into  one 
"does  not  rise  to  the  dignity  of  invention."  Monier's 
French  patent  No.  77,165  (1873),  Hyatt's  English  patent 
No.  2,968  (1877)  and  Brannon's  English  patent  No.  2,703 
(1871)  were  cited  as  anticipations. 

Securing  patents  on  improvements  in  the  design  of 
engineering  structures  is  relatively  easy,  but  defending 
them  successfully  against  attack  has  become  exceedingly 
difficult. 


WHAT  IS  THE  NATURAL  LIFE  OF  AN  IRON 
BRIDGE? 

Iron  and  steel  railway  bridges  in  this  country  have  had 
an  average  life  of  about  25  years.  This  short  life  has 
been  due,  however,  not  to  deterioration  by  rusting,  but 
to  inadequate  strength.  Increasing  weight  of  rolling 
stock,  therefore,  has  been  the  cause  of  the  short  life  of 
steel  railway  bridges. 

An  iron  toll-bridge  that  spanned  the  Mississippi  at 
Keokuk  has  recently  been  removed  after  46  years  of  serv- 
ice. Physically  it  was  still  in  good  condition,  and  might 
have  lasted  half  a  century  longer.  It  had  been  repainted 
only  five  times  during  its  entire  life,  which  makes  its  ex- 
cellent condition  even  more  remarkable. 

The  bridge  carried  a  single-track  railway  floor  and  a 
narrow  highway  floor.  It  consisted  of  a  drawspan  of  380 
ft.  and  two  256-ft.  and  eight  165-ft.  fixed  spans  of  a  modi- 
fied Whipple  type.  The  boiler  and  machinery  that  op- 
erated the  drawspan  were  still  in  service  but  about  ready 
for  the  scrap  heap.  The  masonry  piers  would  have  re- 
quired only  pointing  and  minor  repairs.  None  of  the 
chord  pins  had  lost,  through  rust  or  wear,  more  than  2 
per  cent  of  their  cross-section. 


BONUSES  AND  PROFIT  SHARING  AT  CHRISTMAS. 

The  custom  of  profit  sharing  is  growing.  Undoubtedly 
this  year  will  come  to  a  close  with  vastly  more  "Christ- 
mas bonuses"  for  American  employes  than  in  any  pre- 
vious year. 

In  many  instances  companies  distribute  bonuses  in  the 
form  of  stock  in  the  company  itself.  More  often  the 
bonus  is  in  cash,  its  individual  amount  depending  on  the 
length  of  past  service  and  the  size  of  the  salary  of  the 
employe.  Thus  the  Blaw  Steel  Construction  Co.  has  just 
given  each  of  its  monthly  salaried  employes  (except  those 
whose  salaries  exceed  $4,000)  a  bonus  whose  amount  was 
determined  thus: 

LenjiTth    of    service i-f;  to  2  years  5   per    cent 

l^en^th    of    service 2"  to  3  years  6   per  cent 

Leng-tli    of    service 3   or  more  7    per  cent 

An  employe  whose  annual  salary  is  $1,000  would  thus 
receive  a  bonus  of  $50  to  $70,  depending  on  the  length 
of  service  with  that  company.  It  should  be  added  that 
the  Blaw  Company  has'  also  a  profit  sharing  plan,  and 
that  those  who  participate  in  it  do  not,  in  addition,  re- 
ceive a  bonus  of  5  to  7  per  cent,  of  their  salaries. 

In  many  a  municipality  the  salaries  of  teachers,  engi- 
neers and  other  public  servants  have  been  woefully  in- 
adequate, even  before  the  war  sent  living  costs  skyward. 
But  we  have  yet  to  hear  of  one  city  that  has  put  into  the 
Christmas  stocking  of  a  single  employe  a  bonus  of  as 
much  as  1  per  cent,  on  his  year's  income.  Is  it  not 
worthy  of  more  than  passing  consideration  that  the 
"warm-hearted,  generous  American  public"  is,  as  a  pub- 
lic, about  40  degrees  below  zero  in  its  atmosphere  of  con- 
siderateness  at  Christmas  time,  whereas  "the  cold-blooded, 
calculating  business  man"  is  often  a  real  Santa  Claus 
when  he  finds  that  his  year's  efforts  have  netted  a  sub- 
stantial profit?  Think  it  over,  those  of  you  who  are 
given  to  look  to  government  for  the  cure-all  of  social  ills. 


SIX  LARGE  CITIES  TALKING  THE  "CITY  MAN- 
AGER PLAN." 

Now  that  nearly  a  hundred  of  our  smaller  cities  have 
"city  managers" — usually  civil  engineers — directing  the 
business  of  the  city,  some  of  the  largest  municipalities 
are  beginning  seriously  to  consider  abandoning  the  pres- 
ent form  of  "representative  government"  in  favor  of  gov- 
ernment by  an  executive  selected  by  "directors."  In  Phil- 
adelphia, Pittsburgh,  Cincinnati,  Cleveland,  Chicago,  Kan- 
sas City  and  Minneapolis,  certain  daily  papers  are  advo- 
cating the  change. 

In  Clevand,  for  example,  a  nominating  committee  ap- 
pointed by  50  civic  organizations  has  just  met  to  con- 
sider the  selection  of  15  men  to  investigate  the  city  man- 
ager plan.  Among  the  members  of  this  committee  is  Dr. 
Charles  S.  Howe,  president  of  the  Case  School  of  Applied 
Science. 

The  Cleveland  Press  urges  a  change  in  the  city  charter 
to  enable  the  city  to  adopt  the  modern  method  of  manag- 
ing a  city  like  a  stock  company.    The  Press  says : 

"The  conduct  of  city  affairs  should  be  in  the  hands  of 
a  thoroughly  trained  and  well  tried  city  manager,  chosen 
not  for  a  definite  period,  but  to  hold  office  as  long  as  he 
does  his  work  well." 

At  last  the  American  public  begins  to  see  that  periodic 
selection  of  councilmen  and  mayors  by  election  is  a  poor 
way  of  getting  good  municipal  government.  Imagine  a 
railway  system  operated  under  the  direction  of  men 
selected  anew  every  two  to  four  years,  by  popular  vote! 
The  glib-speaker,  the  sweet-smiler,  the  hearty  hand-grip- 
per,  would  then  have  a  better  chance  of  being  president 
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of  the  railway  than  the  man  who  had  spent  all  his  life 
studying  and  practicing  railway  construction  and  opera- 
tion. 

The  fact  is  that  our  entire  system  of  "representative 
government,"  in  which  representation  comes  solely 
through  elections,  is  an  uneconomic  system,  and  is  des- 
tined shortly  to  be  changed.  The  change  has  already 
started  in  our  smaller  cities  and  is  about  to  spread  to  the 
larger  ones.  Then  it  will  spread  to  counties  and  states, 
and  finally  the  Federal  government  itself  will  be  reor- 
ganized'completely  after  the  same  general  fashion. 


WHY  CEMENT  STORED   DURING  WINTER   MAY 
HARDEN. 

The  editor  once  lost  several  hundred  barrels  of  cement 
that  he  was  compelled  to  store  during  the  winter.  The 
cement  was  placed  in  a  barn,  where  no  rain  could  reach 
it.  and  was  left  there  about  four  months.  When  it  was 
taken  out  in  the  spring  most  of  it  was  almost  as  hard  as 
rock.  The  moisture  in  the  air  had  been  sufficient  to  cause 
the  cement  to  set. 

The  action  is  apparently  this:  On  a  relatively  warm 
day  the  per  cent  of  moisture  in  the  air  may  be  high.  Then 
a  cold  night  causes  the  moisture  to  condense  on  the  ce- 
ment, like  a  dew.  Obviously  if  this  process  is  repeated 
enough  times,  the  cement  will  be  quite  as  effectively 
watered  as  if  it  had  been  rained  upon. 

The  proper  protection  against  such  action  is  obviously 
heat.  The  store-room  should  be  kept  warm  enough  "to 
prevent  the  dew  points  being  reached  at  any  time.  Sala- 
manders will  serve  where  store-room  is  small,  steam  pipes 
where  it  is  large. 


TYPES  OF  BRIDGES  FOR  HIGHWAY  TRAFFIC. 

The  following  types  of  bridges  for  highway  traffic  are 
given  preference  by  the  Illinois  State  Highway  Depart- 
ment : 

Concrete  Bridges. 

Culverts — For  culverts  requiring  an  area  of  water-way 
of  12  sq.  ft.  or  less:  plain  or  reinforced  concrete  arches 
or  circular  culverts,  reinforced  concrete  boxes,  reinforced 
concrete  pipe  or  standard  cast  iron  water  pipe. 

Small  Bridges — For  culverts  having  a  water-way  of 
more  than  12  sq.  ft.,  and  for  bridges  having  spans  up  to 
.30  ft. :  reinforced  concrete  slabs,  plain  or  reinforced  con- 
crete arches. 

Bridges — For  bridges  having  spans  of  30  ft.  to  65  ft.: 
reinforced  concrete  through  or  deck  girders,  plain  or  re- 
inforced concrete  arches.  For  bridges  having  spans  great- 
er than.  65  ft.:  plain  or  reinforced  concrete  arches. 

Arches — In  general  plans  for  plain  or  reinforced  con- 
crete arches  will  not  be  approved  unless  founded  on  solid 
rock  or  unusually  firm  hardpan,  except  for  paved  culverts 
and  very  small  paved  bridges. 

Steel  Bridges. 

In  general,  plans  for  steel  bridges  will  not  be  approved 
except  for  structures  spanning  drainage  ditches,  navigable 
channels,  and  for  locations  where  the  cost  of  concrete 
structures  would  be  prohibitive. 

Bridges  over  Drainage  Ditches — For  bridges  spanning 
drainage  pitches  where  it  is  anticipated  that  it  will  be 
necessary  to  remove  the  bridge  superstructure  periodi- 
cally to  permit  the  passage  of  a  dredge,  pin  or  bolted  field 
connections  shall  be  used. 

Types  for  Various  Spans — For  bridges  having  spans  of 
12  ft.  to  45  ft.:  steel  I  beams. 

For  bridges  having  spans  of  30  ft.  to  100  ft.:  plate  gir- 
ders or  riveted  pony  trusses. 

For  bridges  having  spans  90  ft.  to  160  ft.:  riveted 
trusses  with  parallel  chords. 

For  bridges  having  spans  of  160  ft  or  more:  riveted  or 
pin  connected  trusses  with  parallel  or  inclined  upper 
chords. 
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NATIONAL  SOCIETY  OF  STRUCTURAL 
ENGINEERS. 

To  the  Editor:  1  can  not  otherwise  than  be  inter- 
ested in  such  an  organization,  but  it  seems  that  there  are 
so  many  organizations  now  and  that  most  of  us  who  are 
trying  to  earn  a  living  do  not  have  time  or  means  to  live 
up  to  our  obligations  to  those  of  which  we  already  are  a 
member. 

It  seems  that  the  older  engineering  societies  are  not 
progressive  in  regard  to  the  attention  which  they  think 
necessary  to  the  retjuirements  of  the  modern  every-day 
struggling  engineer.  It  seems  that  they  consider  it  be- 
neath their  dignity  to  adopt  any  measures  which  pertain 
to  the  economic  side  of  engineering  as  applied  to  the  en- 
gineer himself  and  his  means  of  livelihood. 

The  writer  has  heard  these  subjects  brought  up  and 
discussed  at  some  of  the  meetings  of  the  older  societies 
and  has  observed  that  the  engineers  who  had  reached 
the  high  ranks  in  the  profession  in  most  cases  believe 
that  the  honor  attached  to  membership  was  a  sufficient 
return  to  the  engineer. 

This  is  a  long,  long  story  and  I  have  not  the  time  to 
go  into  details.  The  Western  Society  has  recently  made 
a  step  forward  in  these  matters  and  if  it  were  not  for  the 
fear  of  "Mrs.  Grundy"  I  believe  they  would  go  still  fur- 
ther. With  all  due  respect  to  the  previous  secretary  who 
was  a  very  fine  gentleman,  in  the  writer's  opinion,  the 
new  secretary  has,  I  believe,  more  advanced  ideas  in  re- 
gard to  what  the  society  should  do  to  assist  the  engineer 
who  needs  assistance. 

I  do  not  know  if  it  is  practicable  to  organize  another 
society  or  not.  I  wish  you  much  success  in  your  endeavor. 
Certainly  there  should  be  some  movement  that  would  fur- 
nish the  engineer  protection  against  the  encroachments 
of  those  who  would  exploit  the  profession  and  secure 
legislation  that  would  prevent  the  engineer  from  assert- 
'  ing  himself  for  his  own  advantage. 

Yours  truly, 

Francis  H.  Wright. 

415  American  Trust  Bldg. 

Cedar  Rapids,  la. 


THE  DESIGN  OF  STEEL  STACKS. 

To  the  Editor:  I  have  read  with  interest  the  letter  by 
Mr.  H.  M.  White  of  the  Dominion  Bridge  Co.  of  Montreal, 
in  the  issue  of  Nov.  22,  regarding  the  article  on  "The  De- 
sign of  Steel  Stacks"  printed  Oct.  25. 

Mr.  White's  statement  that  the  designing  curves  given 
in  the  article  are  correct  and  convenient  for  use  justifies 
their  introduction  and  use,  and  really  expresses  the  main 
purpose  in  presenting  the  problem. 

I  acknowledge  the  two  numerical  errors  pointed  out. 
These,  while  inexcusable,  having  occurred  in  the  hasty 
preparation  of  the  original  paper,  would  have  been  cor- 
rected had  I  known  that  the  article  was  to  be  reprinted. 
These  do  not,  however,  occur  in  any  of  the  preferred  so- 
lutions. In  each  case  where  more  than  one  analysis  was 
given,  the  one  given  first  w-as  the  preferred  solution  and 
the  one  used  in  plotting  the  curves. 

It  is  interesting  to  note  the  lack  of  consistency  on  the 
part  of  the  critic.  He  closes  his  letter  by  stating  that 
nothing  new  was  given  in  the  original  paper,  yet  spends 
a  large  part  of  his  space  in  ridiculing  the  secondary  so- 
lutions as  though  they  were  being  given  for  the  first 
time,  while  as  a  matter  of  fact  these  assumptions  criti- 
cized have  long  been  used  by  other  designers. 

It  may  be  well  to  have  still  another  solution  proposed 
for  anchor  bolts,  though  no  evidence  was  given  in  the 
letter  that  would  prove  the  critic's  assumptions  any  bet- 
ter for  working  designs  than  the  proposed  solution  No.  1. 
His  new  solution  give  values  of  approximately  70  per 
cent  of  the  values  obtained  by  solution  No.  1.  The  de- 
signer must  decide  whether  he  wishes  to  assume  this 
risk.  A  study  of  recent  designs  would  indicate  that  most 
engineers  are  not  willing  to  do  so. 

The  critic  is  in  error  in  his  statement  regarding  the 
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comparison  of  the  three  proposed  anchor  bolt  solutions. 
The  comparison  given  in  the  original  paper  applied  only 
to  the  specific  problem  of  12  bolts  and  not  to  the  gen- 
eral case,  as  he  would  have  the  reader  infer. 

The  apparent  error  pointed  out  in  Equation  44  for 
stress  in  shell  at  connection  to  base  plate  is  another  case 
of  trimming  down  the  design.  The  proposed  Equation 
44a,  for  the  common  case  where  B  equals  V/o  D,  gives 
a  stress  per  lineal  inch  at  the  base  plate  only  44  per  cent 
of  the  stress  given  by  Equation  44  of  the  writer's.  Again 
the  designer  must  choose.  For  the  case  of  a  tapering 
stack  Equation  44a  might  result  in  some  saving  in  ma- 
terial. 

Therefore,  while  the  critic  has  pointed  out  the  fallacies 
of  the  usual  assumptions,  which  are  admitted  by  all,  he 
has   failed  to   show  that  the  preferred   solutions  shown 
on  the  designing  diagrams  represent  unsafe  practice. 
Very  truly  yours, 

W.  A.  Hitchcock, 
Assistant  Professor  of  Civil  Engineering, 

University  of  Wyoming, 

Laramie,  Wyo.  ■ 
Dec.  6,  1916. 


BETTER  AND  MORE  ECONOMICAL  MANAGEMENT 
OF  COUNTY  ROAD  AND  BRIDGE  AFFAIRS. 

To  the  Editor: 

I  have  before  me  a  copy  of  your  Quarterly  Magazine  on 
Planning  and  Management  under  date  of  Nov.  29,  and 
heartily  endorse  your  movement  for  better  and  more  eco- 
nomical conditions  in  county  road  and  bridge  affairs. 

I  find  in  Allen  County,  Ohio,  that  the  average  county 
commissioner  and  township  trustee  is  a  respectable,  law- 
abiding  citizen,  who  wants  to  get  along  and  be  respected 
by  everyone,  and,  in  order  to  do  this  he  is  obliged  to  cater 
to  some  certain  political  and  business  influence  for  their 
support,  and  they  dictate  largely  the  policy  to  be  pursued. 

The  county  surveyor  has  been  used  as  a  mere  clerk  who 
is  expected  to  approve  all  bills  that  come  before  him  with- 
out question.  You  will  find  enclosed  one  of  my  campaign 
maps  that  explains  my  contention  and  defeated  me  for  re- 
election this  fall. 

I  believe  each  township  should  have  a  representative 
on  a  county  board  of  directors,  this  board  to  meet  weekly, 
semi  monthly,  or  each  month,  with  the  county  engineer, 
who  shall  be  the  service  director  for  the  entire  county 
and  outline  a  definite  road  and  bridge  program  and  have 
general  charge  or  act  as  agent,  for  the  county  board  of  di- 
rectors and  receive  bids,  award  contracts  and  supervise 
all  construction  work  and  select  competent  force  to  carry 
out  the  plans  effectively. 

We  have  three  county  commissioners  and  36  township 
trustees  in  Allen  County,  requiring  an  expenditure  for 
salaries  of  about  $10,500  per  year.  If  this  number  be  re- 
duced from  39  to  12  at  $5  for  one  day  each  week,  Allen 
County  could  make  a  saving  of  about  S7,500  per  year  with 
better  results.  Yours  truly. 


Lima,  Ohio. 
Dec.  4,  1916. 


W.  R.  Toy, 
County  Highway  Superintendent. 


The  final  blast  "holing"  through  the  headings  of  the 
south  tube  of  the  Old  Slip-Clark  Street  tunnel  beneath  the 
East  River  at  New  York  City  was  "fired"  on  Dec.  19.  The 
north  headings  were  connected  on  Nov.  28.  The  Old  Slip- 
Clark  Street  tunnel  which  is  being  constructed  by  the 
Public  Service  Commission  for  the  First  District  is  for 
operation  by  the  Interborough  as  a  part  of  the  Park  Place. 
Beekman  and  William  Street  branch  of  the  Seventh  Ave- 
nue subway  and  will  connect  the  Seventh  Avenue  line 
with  the  First  Subway  in  Brooklyn.  The  north  headings 
met  on  November  28  almost  underneath  the  center  of  the 
river  with  a  deviation  of  less  than  an  inch  from  true  lines 
and  the  meeting  of  the  south  headings  was  even  more 
accurate.  The  tunnel  is  being  built  at  the  contract  price 
of  $6,469,916.25.  It  is  17  ft.  6  in.  in  diameter  and  at  its 
greatest  depth  is  88  feet  below  the  surface  of  the  river. 


DESIGN  AND  CONSTRUCTION  FEATURES  OF  A 
REINFORCED  CONCRETE  SLURRY  ELEVATOR. 

CuntribiiUd    by    U.    C.    Fimlla.v.    Chief    Kngineer.    Oregon    Poi  tland 
Cement  Co. 

On  June  1,  the  Oregon  Portland  Cement  Co.  placed  in 
operation  a  new  1,200-bbl.  cement  mill  at  Oswego,  Ore., 
using  the  wet  process,  Vv-hich  is  noteworthy  for  several 
reasons,  chief  of  which  is  its  cleanliness  and  freedom 
from  dust  nuisance. 

This  article  deals  with  a  novel  method  adapted  to  han- 
dle the  "slurry"  feed  for  the  rotary  kiln.  The  "slurry" 
is  ground  with  a  Smidth  Kominuter  as  a  preliminary 
grinder  and  finished  with  two  No.  85  Type  E  Cylpeb  tube- 
mills  which  reduce  the  fineness  to  90  per  cent  on  the  100 
sieve.  It  is  then  discharged  by  means  of  a  12-in.  screw 
conveyor    into    either   of    three    correcting   basins,    from 
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Fig.    1- 


-Sectional    Elevation,    Front    Elevation    and    Side    Elevation    of 
Reinforced   Concrete   Slurry    Elevator. 


which  it  is  drawn  to  a  large  mixing  basin  holding  about 
1,000  bbls. 

An  Ingersoll-Rand  air  lift  pumping  system  then  pumps 
it  over  to  a  2,000-bbl.  reinforced  concrete  storage  basin 
which  is  26  ft.  deep,  and  is  built  between  the  4th  and 
5th  piers  of  the  210-ft.  rotary  kiln,  and  directly  under 
the  kiln.  This  storage  basin  has  its  bottom  16  ft.  be- 
low floor  level  and  is  mechanically  agitated  by  three  ver- 
tical agitators. 

The  almost  universal  practice  previously  has  been  to 
pump  the  "slurry"  from  the  storage  basin  to  the  kiln 
feeder,  using  three  plunger  vertical  motor  driven  pumps. 
Owing  to  the  nature  of  the  material  it  is  hard  to  pump, 
and  the  wear  on  piston  plungers  is  great,  as  is  the  ex- 
pense of  renewing  packing,  which  must  be  of  the  highest 
grade;  also  a  large  quantity  of  oil  is  required  for  lubri- 
cation.    If  the  packing  is  not  perfect,  the  pumps   soon 
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become  very  dirty  and  the  floor  covered  with  semi-liquid 
slurry. 

To  overcome  this,  the  writer  designed  a  reinforced  con- 
crete continuous  bucket  elevator  casing  as  shown  in  Fig. 
1,  7  ft.  6  in.  by  6  ft.  6  in.  outside,  and  70  ft.  5' 2  in.  in 
height.  In  order  that  continuous  operation  might  be  as- 
sured, a  center  partition  divides  the  elevator  into  two 
separate  units,  so  that  in  case  of  trouble  on  one  side  the 


Fig.   2 — View    Looi<ing    Up   at 
Top    of    Elevator. 


Fig.  2 — General   View  of   Elevator 
and    Feed    End    of    Kiln. 


other  side  may  be  placed  into  service,  and  used  to  feed 
the  kiln;  or  should  a  chain  break  with  slurry  in  the  leg, 
by  closing  a  valve  to  the  storage  basifi,  the  other  eleva- 
tor can  be  used  to  empty  the  damaged  one  for  repairs. 

It  will  be  noted  that  the  slurry  is  fed  into  the  bottom 
of  the  two  elevators,  through  8-in.  pipes  connected  each 
through  a  gate  valve  and  tee  to  a  common  8-in.  pipe, 
concreted  into  the  bottom  of  the  storage  basin.  There- 
fore the  slurry  stands  at  the  same  level  in  the  elevator 
legs  as  it  does  in  the  basin,  and  the  elevators  must  stand 
the  bursting  pressure  of  a  head  of  26  ft.  of  slurry  weigh- 
ing about  108  lb.  per  cubic  foot,  and  containing  about 
40  per  cent  water. 

The  walls  as  built  are  only  9-in.  thick,  and  are  abso- 
lutely watertight.  No  waterproofing  solution  was  used, 
nor  were  the  walls  plastered. 

The  concrete  mixture  for  the  first  31  ft.  9  in.  was  a 
1:1' 2:2  mixture  using  screened  gravel,  and  was  thor- 
oughly mixed  and  tamped  to  fill  all  voids. 

The  drawing  shows  the  method  of  reinforcing.  All 
horizontal  bars  had  hooks  turned  on  the  ends  fastening 
around  the  vertical  corner  bars,  and  securely  wired  at 
every  intersection. 

The  bottom  sprocket  and  bearings  are  thus  completely 
submerged.  Solid  and  cast  iron  bearings  were  used,  be- 
ing unbabbitted  and  bored  to  a  fit  of  only  1  1000  in  clear- 
ance. Three-eighth-in.  compression  grease  cups  con- 
nected to  pipes  cast  into  the  walls  are  used  to  force 
grease  into  the  bearings  for  lubrication,  and  to  prevent 
any  tendency  for  slurry  to  work  along  the  shaft. 

No  take-ups  were  used,  but  the  bearing  bolts  were  left 
up  G';.  in.  and  the  bearings  blocked  up  on  steel  wedges 
on  starting,  to  allow  for  lowering  same  as  wear  length- 
ened the  chain.  These  anchor  bolts  had  lock  nuts,  and 
were  drilled  for  cotter  pins  also  to  prevent  the  nuts  com- 
ing loose.  As  No.  844  Mangr.nese  steel  chain  was  used 
there  will  be  very  little  wear. 

Wrought  iron,  continuous  type  V-shaped  buckets  were 
bolted  to  the  chain,  using  K  2  attachments  every  2  ft. 
A  28-in.  No.  844  traction  wheel  is  used  at  the  top  and 
the  detail  of  drive  is  shown  in  Fig.  1,  also  the  method 
of  v,-idening  out  the  walls  to  carry  the  heavy  three  15  16- 
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in.  bearings.  The  pinion  shaft  with  pinion  and  drive 
pulley  is  carried  with  one  bearing  set  in  the  wall  and 
the  other  by  an  outboard  bearing  on  a  heavy  concrete 
bracket  from  the  wide  walls. 

A  reinforced  concrete  slab  walkway  (see  Fig.  2)  car- 
ried on  brackets  from  the  walls  enables  the  openrtor  to 
get  around  the  elevator  head  and  a  set  of  steep  steps 
leads  to  the  concrete  roof  over  the  kiln. 

A  steel  chute  is  securely  bolted  to  the  concrete,  from 
which  an  8-in.  steel  pipe  leads  to  the  automatic  "Ferris" 
type  slurry  feeder  which  has  four  buckets  on  a  horizon- 
tal shaft  driven  by  a  2-H.P.  variable  speed  motor.  These 
buckets  lift  out  a  definite  amount  of  slurry  each  revolu- 
tion, and  deliver  same  to  the  kiln.  The  overflow  goes 
back  to  the  stooge  basin  to  be  elevated  once  more. 

An  18-in.  x  36-in.  door  is  built  into  the  walls  above  the 
level  of  the  slurry,  and  -"'s-in.  ladder  rings  in  the  walls 
give  access  to  the  bottom  of  the  elevator  boot,  also  a  lad- 
der outside  leads  down  to  the  gate  valve  which  cuts  off 
the  slurry  from  the  basin. 

It  happened  that  the  elevator  came  directly  where  a 
roof  column  should  be  to  support  the  concrete  roof,  so 
the  roof  beams  were  framed  into  the  walls  as  shown,  and 
brackets  left  for  attaching  the  future  roof  over  the  sec- 
ond kiln,  at  which  time  the  elevator  will  be  completely 
surrounded,  and  project  12  ft.  10  in.  above  the  roof,  un- 
supported. 

The  elevator  has  been  in  service  for  three  months  now 
with  excellent  success,  and  with  practically  no  mainte- 
nance. Each  elevator  is  driven  by  a  belt  from  a  counter- 
shaft on  the  kiln  housing,  and  only  requires  about  5  H.P. 
to  operate.. 

On  account  of  the  various  steps  in  the  vv'alls,  etc.,  mov- 
able forms  were  not  used,  but  forms  were  built  up  in  and 
about  15-ft.  sections  and  concrete  poured,  after  which 
the  next  section  was  built.  The  accompanying  illustra- 
tions show  the  elevator  in  various  stages  of  completion. 
The  writer  believes  there  is  a  great  future  for  the  con- 


upper:    Reinforced    Concrete    Elevator    Under    Construction.      Lower: 
General    View    of    Concrete    Elevator    and    210-rt.    Kiln. 

Crete  elevator  leg,  as  it  combines  great  strength  with 
great  wearing  power,  where  handling  abrasive  material 
or  where  waterproof  requireruents  are  needed,  and  at  a 
price  much  less  than  can  be  built  using  steel.  The  writer 
built  his  first  concrete  elevator  in  1912  at  Tod  Inlet,  B. 
C,  and  has  since  built  six  with  very  gratifying  results. 
The  Oregon  Portland  Cement  Co.  also  have  a  single  leg 
concrete  elevator,  56  ft.  high,  handling  clinker,  which  is 
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a  most  abrasive  material.  The  design  and  supervision 
of  construction  for  the  Oregon  Portland  Cement  Co.  was 
in  charge  of  the  writer. 


PARTITION  OF  LOAD  IN  RIVETED  JOINTS. 

Theoretical  analyses  and  experiments  made  by  Cyrol 
Batho,  Assistant  Professor  of  Applied  Mechanics  at  Mc- 
Gill  University,  indicate  that  a  series  of  equations  can 
be  obtained,  giving  the  load  carried  by  each  rivet  in  any 
form  of  riveted  joint  in  terms  of  a  quantity  K,  which  if 
the  rivets  are  in  shear  depends  upon  the  manner  in  which 
work  is  stored  in  the  rivets;  or  if  they  act  by  frictional 
hold  on  the  plates,  depends  upon  the  work  stored  in  the 
parts  of  the  plates  thus  held.  The  posftion  of  the  load 
was  worked  out  theoretically  by  means  of  the  Principle 
of  the  Least  Work.  The  experiments  were  made  upon 
different  forms  of  joints,  having  a  single  line  of  five  rivets 
on  each  side  of  the  joint,  and  loaded  in  tension.  The 
theoretical  and  experimental  work  is  described  by  Prof. 
Batho  in  a  paper  in  the  November  Journal  of  the  Frank- 
lin Institute,  from  which  the  following  is  abstracted : 

Only  the  specimen  with  V^-in.  rivets  was  carried  be- 
yond the  working  load,  but  the  regularity  of  its  action 
showed  that  the  partition  of  load  obeyed  the  same  laws 
at  all  loads  up  to  that  causing  permanent  deformation 
of  the  plates  or  rivets.  In  every  specimen  and  at  all  loads 
the  first  and  fifth  rivets  took  by  far  the  greater  part  of 
the  total  load,  the  actual  proportion  decreasing  grad- 
ually as  the  load  increased.  For  example,  in  the  speci- 
men with  Vo-in.  rivets,  the  first  and  fifth  rivets  carried 
83.5  per  cent  of  the  total  load  at  a  load  of  10,000  lb.,  and 
this  decreased  to  70.0  per  cent  at  a  load  of  30,000  lb.  The 
latter  load  corresponds  to  an  average  stress  of  about 
12,650  lb.  per  square  inch  of  actual  rivet  section,  or  15,- 
280  lb.  per  square  inch  of  nominal  rivet  section.  This 
would  usually  be  taken  as  the  shearing  stress  on  all  the 
rivets,  but  actually  the  end  rivets,  if,  as  there  seems  lit- 
tle doubt,  the  rivets  were  in  shear  and  not  holding  by 
friction,  were  each  under  an  average  shear  stress  of  22,- 
150  lb.  per  square  inch,  while  the  third  rivet  at  the  same 
load  took  only  3.2  per  cent,  corresponding  to  an  average 
shear  stress  of  only  2,020  lb.  per  square  inch.  Thus  in 
joints  having  several  rows  each  containing  an  equal 
number  of  rivets  and  designed  in  the  usual  manner,  i.  e., 
allowing  the  average  load  per  square  inch  of  rivet  sec- 
tion to  be  equal  to  the  working  stress  in  shear  of  the 
rivet  material,  the  rivets  in  the  end  rows  must  carry 
stresses  far  above  the  allowable  working  stress. 

The  above  refers  to  the  specimens  in  which  the  cover 
plates  were  of  the  correct  thickness;  i.  e.,  each  half  as 
thick  as  the  middle  plate.  If  they  are  thicker,  the  first 
rivet  takes  an  even  greater  proportion  of  the  load,  the 
proportion  increasing  with  increased  thickness.  In  speci- 
men B,  in  which  the  cover  plates  were  of  correct  thick- 
ness, the  first  and  fifth  rivets  took  88.1  per  cent  of  the 
load  at  a  load  of  16,000  lb.  In  specimens  D,  E  and  F  at 
the  same  load  they  carried  86.2  per  cent,  89.7  per  cent 
and  78.9  per  cent  of  the  total  load  respectively,  but  of 
these  the  first  rivets  carried  respectively  70.7  per  cent, 
63.8  per  cent  and  50  per  cent  of  the  total  load.  Speci- 
men F,  in  which  the  middle  plate  was  of  varying  width, 
illustrated  the  action  in  members  riveted  to  a  gusset 
plate,  and  it  was  found  that  the  varying  width  of  plate 
resulted  in  a  rather  more  even  distribution  of  stress,  the 
first  and  fifth  revets  carrying  only  69.7  per  cent  of  the 
load,  as  compared  with  78.9  per  cent  when  the  middle 
plate  was  cut  down  to  uniform  width. 

In  all  the  specimens  tested  the  ratio  of  width  of  cover 
plate  to  pitch  of  rivets  was  the  same,  %.  K  probably 
varies  as  the  width  of  cover  plate  divided  by  the  pitch 
of  the  rivets;  thus,  with  a  smaller  pitch  or  wider  plates, 
K  would  be  increased,  and  the  effect  of  this  would  be  to 
make  the  partition  of  the  load  rather  more  uniform.  But 
a  large  variation  of  K  only  causes  a  comparatively  small 
alteration  in  the  percentage  of  the  load  carried  by  the 
end  rivets.  For  example,  in  the  specimen  A  a  change  of 
K  from  0.485  to  1."  only  altered  the  load  carried  by  eaph 


of  these  rivets  from  40.7  per  cent  to  35  per  cent,  and  the 
alteration  for  a  given  change  becomes  less  and  less  as 
the  values  of  K  increase.  Thus  the  effect  of  change  of 
pitch  or  breadth  of  cover  is  not  likely  to  be  very  great, 
except  possibly  in  splices  containing  a  number  of  rivets 
in  each  row.  However,  further  experiments  are  needed 
in  order  that  a  general  law  may  be  found  for  the  value 
of  K.  When  this  is  determined  it  will  be  possible  to  pre- 
determine the  exact  partition  of  load  in  any  proposed 
joint,  and  this  will  enable  the  joint  to  be  designed  in  the 
most  efficient  manner.  A  very  good  approximation,  suffi- 
cient for  most  purposes,  may,  however,  be  obtained  from 
the  data  already  given,  since  the  general  manner  of  par- 
tition of  load  is  the  same  for  all  values  of  K. 

Prof.  Batho's  summary  and  conclusions  are  as  follows: 

1.  It  is  shown  that  a  riveted  joint  may  be  considered 
as  a  statically  indeterminate  structure,  and  that  a  series 
of  equations  may  be  obtained  for  any  joint  by  means  of 
Principle  of  Least  Work,  giving  the  loads  carried  by  each 
of  the  rivets  in  terms  of  a  quantity  K,  which  depends  upon 
the  manner  in  which  work  is  stored  in,  or  by  the  action 
of,  the  rivets. 

2.  This  theory  is  applied  to  various  types  of  joints,  and 
the  modifying  effects  of  non-uniform  distribution  of  stress 
in  the  plates,  unequal  partition  of  the  load  between  the 
two  cover  plates,  and  a  difference  in  the  modulus  of  elas- 
ticity of  the  middle  plate  and  the  cover  plates  are  also 
considered. 

3.  It  is  shown  experimentally  that  extensometer  meas- 
urements on  the  outer  surfaces  of  the  cover  plates  of  a 
riveted  joint  are  sufficient  for  the  determination  of  the 
mean  stresses  in  the  plates,  and  that  the  partition  of  the 
load  among  the  rivets  may  be  determined  from  such  meas- 
urements. It  is  also  shown  that,  at  any  rate  after  the 
first  few  loadings,  the  distribution  of  strain  in  the  plates 
of  a  joint  is  not  altered  by  repeated  loadings. 

4.  It  appears  from  3  that  if  there  is  any  frictional  hold 
between  the  plates,  it  acts  only  over  those  portions  in  the 
immediate  neighborhood  of  the  rivets.  All  the  experi- 
ments tend  to  show  that  friction  does  not  play  an  impor- 
tant part,  but  further  experiments  are  necessary  on  this 
point. 

5.  Experiments  made  on  a  number  of  specimens  having 
a  single  line  of  rivets  and  loaded  in  tension  give  results  in 
close  agreement  with  the  theoretical  considerations.  They 
also  show  that  the  longitudinal  stresses  in  a  portion  of 
the  cover  plate  between  two  consecutive  rivets  are  a  min- 
imum along  the  line  of  rivets,  rising  to  a  maximum  at 
the  edges  of  the  plates. 

6.  The  experiments  show  that  the  value  of  K  for  a  joint 
having  a  given  ratio  of  width  of  cover  plate  to  rivet  pitch 
and  a  given  number  of  rivets  varies  approximately  di- 
rectly as  the  load  and  inversely  as  the  area  of  the  rivets. 
An  empirical  rule  is  given  for  its  value  in  joints  similar 
to  the  experimental  specimens,  but  a  more  general  rule 
cannot  be  given  until  further  experiments  have  been 
made.  A  theoretical  estimate  is  made  of  the  value  of  K 
for  a  rivet  acting  in  shear,  and  the  result  is  shown  to  be 
within  the  range  of  the  experimental  values. 

7.  Both  the  experimental  results  and  the  theoretical 
deductions  show  that:  (a)  in  a  double-cover  butt  joint 
having  a  single  line  of  rivets,  the  two  end  rivets  and  the 
two  rivets  on  each  side  of  the  junction  of  the  middle 
plates  take  by  far  the  greater  part  of  the  load  at  all  loads 
within  that  causing  permanent. deformation  of  the  plates 
or  rivets,  the  actual  proportion  decreasing  slowly  as  the 
load  increases;  (b)  if,  in  such  joints,  the  total  area  of 
cross-section  of  the  cover  plates  is  equal  to  that  of  the 
middle  plates,  these  four  rivets  take  equal  loads,  but  if 
it  is  greater  the  end  rivets  take  greater  loads  than  the 
others,  the  difference  increasing  as  the  area  of  the  cross- 
section  of  the  cover  plates  increases;  (c)  if  two  plates 
of  uniform  width  and  equal  thickness  are  connected  by 
a  single  line  of  rivets  to  opposite  sides  of  a  gusset  plate 
of  uniform  width,  the  first  and  last  rivets  take  the  greater 
part  of  the  load,  but  if  the  gusset  plate  increases  in  width 
from  the  first  to  the  last  rivets,  the  partition  of  load  is 
more  uniform. 
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The  results  already  obtained  allow  the  general  man- 
ner of  partition  of  load  in  any  riveted  joint,  in  which 
there  is  no  eccentricity  of  connection,  to  be  estimated, 
and  it  is  hoped  that,  when  further  experiments  have  given 
general  laws  for  the  value  of  K,  it  will  be  possible  to 
predetermine  the  exact  load  that  will  be  carried  by  each 
rivet.    The  practical  value  of  this  is  obvious. 


CAISSON   FOR   DEEP  WATER  PIERS   OF   PORT- 
LAND BRIDGE. 

In  constructing  the  harbor  piers  in  deep  water  for  the 
'$965,000  bridge  at  Portland,  Me.,  the  contractors,  the  Hol- 
brook,  Cabot  &  Rollins  Corp.,  Boston,  Mass.,  used  an  in- 
teresting type  of  caisson.  The  following  description  of 
this  portion  of  the  work  is  taken  from  a  paper  by  Eugene 
E.  Pettee  in  the  December  Journal  of  the  Boston  Society 
of  Civil  Engineers. 

A  site  was  selected  just  east  of  the  bridge  in  an  en- 
closed position  where  a  launching-way  was  built  consist- 
ing of  a  platform  resting  on  piles  and  sloping  towards 
the  water.  On  this  platform  a  bed  of  3-in.  lagging  was 
laid,  corresponding  in   shape  to  the  bottom  of  the   pier 
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Fig.    1 — Foundations    and    IVIasonry    Piers. 

fsee  Fig.  1).  On  this  lagging  forms  were  built  and  a  rein- 
forced concrete  box  constructed,  about  41/2  ft.  deep,  hav- 
ing a  projecting  flange  all  around  the  outside,  through 
which  projected  hook  bolts.  (Fig.  2.)  On  this  flange 
wooden  sides  of  12x12  hard-pine  posts  with  4-in.  hard-pine 
planking  on  the  outside  were  built  up  about  18  ft.  high. 
The  top  timbers  were  connected  by  means  of  rods  with 
the  hook  bolts  anchored  in  the  concrete,  and  tightly 
screwed  up.  The  v^-hole  structure  was  then  carefully 
calked  and  finally  launched.  (Fig.  3.)  This  caisson 
floated  high  out  of  water  and  was  towed  alongside  of  a 
large  lighter  equipped  with  a  concrete  plant  and  was 
gradually  filled  with  concrete.  On  this  concrete  as  a 
bed,  forms  of  the  proper  size  for  the  pier  were  erected 
within  the  caisson,  and  filled  with  concrete.  As  the  load 
increased,  and  the  caisson  gradually  sank,  the  sides  were 
twice  extended  until  the  total  depth  reached  about  54  ft. 
The  caisson  was  then  towed  to  its  site  which  had  al- 
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ready  been  prepared  by  considerable  dredging  and  by 
driving  piles  over  the  whole  area.  These  piles  were  cut 
off'  quickly  by  a  large  circular  saw  on  a  vertical  shaft  car- 
ried in  the  gins  of  a  large  pile  driver.  By  means  of  a 
level  placed  on  shore,  sighting  on  a  white  band  painted 
on  the   vertical   shaft  carrying  the   saw,  the   piles   were 


Fig.    2 — Caisson    on    Launching    Ways. 

cut  off  accurately  to  grade.  The  caisson  was  then  filled, 
until  it  touched  bottom  at  low  tide,  when  it  was  very  ex- 
actly located  by  means  of  two  transits  set  up  on  shore  at 
right  angles  to  each  other,  and  sighting  on  the  two  center 
lines  of  the  caisson.  Water  was  then  let  into  the  space 
between  the  sides  of  the  caisson  and  the  concrete  pier 


Fig.    3 — Launching    Caisson. 

(Fig.  4)  until  the  caisson  become  so  heavy  that  it  would 
not  float  again  at  high  water. 

Then  came  the  work  of  building  up  the  concrete  to 
elevation  — 2,  where  the  granite  facing  began.  This  fac- 
ing was  carried  up  well  above  high  water,  the  concrete 
core  being  carried  up  simultaneously.    The  rods  connected 


Fig.  4 — Sinking  Caisson. 

with  the  hook  bolts  at  the  bottom  of  the  caisson  were  then 
loosened  and  the  connections  unhooked,  allowing  the  sides 
to  float  up  to  the  surface.  They  were  then  towed  away 
and  used  on  another  caisson.  This  method  permitted  all 
concrete  work  to  be  cast  dry,  and  also  permitted  thorough 
inspection. 
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RECOMMENDED    SPECIFICATIONS    FOR    REIN- 
FORCED CONCRETE   DESIGN. 

The  Portland  Cement  Association  has  issued  recently 
specification  for  reinforced  concrete  design.  The  speci- 
fications are  based  on  the  regulations  in  the  building  code 
recommended  by  the  National  Board  of  Fire  Underwriters 
and  the  1916  report  of  the  Joint  Committee  on  concrete 
and  reinforced  concrete.     The  specifications  follow: 

Loads. — The  schedule  of  superimposed  uniform  (live) 
loads  per  square  foot  is  as  follows: 

Roof    povinds  per  square  foot 

floor pounds  per  square  foot 

'."'.' ..,'.'    floor    pounds  per  square  foot 

Etc. 

The  roof  slab,  together  with  the  roof  beams  and  girders, 
shall  be  designed  to  carry  the  full  live  and  dead  loads. 
All  floor  slabs  and  beams  shall  be  designed  to  carry  the 
full  live  and  dead  loads.  All  girders  under  floors  where 
the  assumed  live  load  is  under  120  lb.  per  square  foot 
shall  be  designed  to  carry  all  the  dead  load  and  85  per 
cent  of  the  assumed  live  load.  No  deduction  for  floor 
loads  greater  than  120  lb.  per  square  foot. 

Every  column,  post  or  other  vertical  support  shall  be  of 
sufficient  strength  to  bear  safely  the  combined  live  and 
dead  loads  transmitted  to  it. 

The  following  reductions  are  permissible  when  the  live 
loads  are  under  120  lb.  per  square  foot: 

For  columns  supporting  roof:    No  reduction. 

For  columns  supporting  top  floor:  A  reduction  of  10  per  cent  of  the 
live  load  of  the  top  floor  rnay  be  made. 

For  columns  supporting-  each  succeeding  floor:  A  reduction  of  5  per 
cent  of  the  live  load  per  floor  may  be  made,  but  the  maximum 
deduction  for  any  floor  shall  not  exceed  50  per  cent.  The  reduc- 
tions shall  cease  when  a  floor  carrying'  a  live  load  of  more  than 
120  lb.  per  squaTe  foot  is  reached. 

For  floors,  beams,  girders  and  vertical  supports  carrying  machinery: 
At  least  25  per  cent  shall  be  added  to  the  stresses  from  live  loads 
to  .provide  for  effect  of  impact  and  vibration. 

For  sidewalks  between  the  curb  and  building  lines:  Live  loads  shall 
be  taken  at  300  lb.  per  square  foot  or  a  concentrated  load  of  o  tons 
at  any  point. 

Materials. — Cement:  The  cement  shall  meet  the  re- 
quirements of  the  current  Standard  Specifications  for 
Portland  Cement  of  the  American  Society  for  Testing 
Materials. 

Steel:  The  steel  shall  meet  the  requirements  of  the 
current  Standard  Specifications  for  Reinforcing  Steel  or 
the  American  Society  for  Testing  Materials. 

Aggregates  and  Water:  The  aggregates  and  water 
shall  meet  the  requirements  of  the  current  specifications 
for  aggregates  and  water  of  the  Portland  Cement  Asso- 
ciation. 

Broken  stone  or  pebble  concrete  not  reinforced  shall  be 
assumed  as  weighing  144  lb.  per  square  foot,  and  when 
reinforced  shall  be  assumed  as  weighing  150  lb.  per 
cubic  foot. 

Stresses. — E.xtreme  fiber  stress  in  compression  for  1 : 
2:  4  concrete,  650  lb.  per  square  inch.  For  1:  1^2:  3 
concrete,  810  lb.  per  square  inch. 

In   direct  compression,    1:   2:   4  concrete,   450   lb.   per 
square  inch.    1:  l^-j:  3  concrete,  560  lb.  per  square  inch. 
'    Shearing  stress  in  concrete  when  diagonal  tension  is 
not  resisted  by  steel,  40  lb.  per  square  inch  for  1:  2:  4 
concrete  and  50  lb.  for  1:  11/2:  3  concrete. 

Unit  shearing  stress  when  web  reinforcement  is  used, 
120  lb.  per  square  inch,  of  which  40  lb.  per  square  inch 
may  be  resisted  by  the  concrete. 

In  proportioning  the  section  of  concrete  for  shearing 
stress,  the  effective  depth  from  center  of  compression 
area  to  center  of  steel  area  shall  be  used.  In  beams  of 
T-section  the  width  of  the  stem  shall  be  used.  In  ribbed 
floors  the  width  of  the  stem  and  thickness  of  flange  near 
supports  shall,  be  proportioned  for  cumulative  shear  on 
the  span. 

Bond  stress  between  concrete  and  reinforcement,  80  lb. 
per  square  inch  for  plain  and  deformed  bars,  based  on 
actual  section. 

Tensile  stress  in  steel,  16,000  lb.  per  square  inch,  for 
main  reinforcement.  Tensile  stress  in  stirrup  steel,  10,000 
lb.  per  square  inch. 

Ratio  of  deformation  of  steel  to  1:2:4  concrete  shall  be 
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taken   at    1:15   and   to   l:iy2:3   concrete   shall    be   taken 
as  1:12. 

Compressive  stress  in  steel  shall  be  equal  to  the  com- 
pressive stress  in  the  concrete  multiplied  by  the  ratio  of 
deformation. 

In  continuous  beams  and  slabs  the  extreme  fibre  stress 
in  concrete  in  compression  may  be  increased  15  per  cent 
adjacent  to  supports. 

Bearing  on  a  concrete  surface  having  a  total  area  of  at 
least  twice  the  area  of  the  loaded  portion  may  be  taken 
at  700  lb.  per  square  inch  for  1:2:4  concrete  and  875  lb. 
per  square  inch  for  1:1^2:3  concrete,  and,  generally,  at. 
35  per  cent  of  the  ultimate  strength  of  the  concrete  used, 
when  all  other  stresses  are  properly  provided  for. 

Slabs,  Beams  and  Girders. — The  straight-line  method 
shall  be  used  in  designing  reinforced  concrete. 

The  span  length  for  beams  simply  supported,  and  for 
all  slabs,  shall  be  taken  as  the  distance  from  center  to 
center  of  supports,  but  need  not  be  taken  to  exceed  the 
clear  span  plus  the  over-all  depth  of  beam  or  slab.  For 
continuous  or  restrained  beams  built  monolithically  into 
supports,  the  span  length  may  be  taken  as  the  clear 
distance  between  faces  of  supports.  Brackets  shall  not 
be  considered  as  reducing  the  clear  span  in  the  sense  here 
intended,  and  the  clear  span  between  T-beams  is  the  dis- 
tance face  to  face  of  stems.  Maximum  negative  moments 
are  to  be  considered  as  existing  at  the  end  of  the  span 
as  here  defined. 

The  bending  moments  of  girders,  beams  ana  slabs  due 
to  uniformly  distributed  loads  shall  be  taken  as  not 
less  than: 

1/8     WL.,  at  center  when  simply  supported. 

1/9     WLi,  over  central  support;  and  1/10  WL.  near  the  middle  of  the 

span  when  continuous  for  two  spans  only. 
1/10  WL.  over    first    continuous    support;    and    1/10    WL,    near    middle 
of  end  spans  when  supported  at  one  end  and  continuous  at 
the  other  end  for  more  than  two  spans. 
1  12  WL,  at   center  and   intermediate  supports  when   continuous   over 
more  than  two  supports. 
The  simply  supported  ends  of  spans  shall  be  reinforced  for  a  nega- 
tive moment  of  not  less  than  1/lG  WL. 

W  =  total  distributed  dead   and  live  loads. 
L  =  length  of  span. 

Floor  slabs  having  supports  extending  along  the  four 
sides  shall  be  designed  and  reinforced  as  continuous  over 
the  supports.  For  uniformly  distributed  dead  and  live 
loads  the  per  cent  of  load  carried  on  the  transverse  span 
shall  be  found  by  subtracting  0.5  from  the  quotient  ob- 
tained by  dividing  the  length  by  the  breadth.  The 
remainder  of  the  load  shall  be  carried  on  the  longitudinal 
span.  If  the  length  of  the  slab  exceeds  1.5  times  its 
width  the  entire  load  shall  be  carried  on  the  transverse 
span.  Using  the  values  thus  obtained,  each  set  of  rein- 
forcement is  to  be  calculated  in  the  same  manner  as  slabs 
having  supports  on  two  supports  only,  using  correct 
depths  to  center  of  steel.  The  amount  of  reinforcement 
thus  determined  per  foot  of  width  applies  only  to  the 
middle  half  of  the  slab  and  one  half  of  this  amount  per 
foot  of  width  may  be  used  in  each  end  quarter  of  the  slab. 
The  probable  distribution  of  the  loads  from  two-way 
reinforced  slabs  to  supporting  beams  or  girders  shall  be 
ascertained,  and  the  moments  in  the  beams  or  girders 
calculated  accordingly. 

The  bending  moments  for  slabs  or  beams  with  spans  of 
unusual  length  or  due  to  other  than  uniformly  distributed 
loads  shall  be  more  exactly  computed  according  to 
accepted  theory. 

In  continuous  slabs,  beams  or  girders,  full  provision 
shall  be  made  for  the  negative  bending  moments  over  the 
supports  by  placing  sufficient  negative  reinforcement  near 
the  top  of  the  members  to  resist  the  stress.  This  rein- 
forcement shall  pass  beyond  the  point  of  contra-flexure 
in  beams  or  girders  and  be  anchored  in  the  compression 
concrete  of  the  member  a  sufficient  distance  to  develop 
the  full  strength  of  the  steel  through  bond  stress.  The 
critical  section  of  continuous  construction  is  over  the 
support. 

Where  adequate  bond  is  provided  at  junction  between 
slab  and  beam,  and  the  two  are  cast  at  the  same  time  as 
a  unit,  the  slab  may  be  considered  as  an  integral  part  of 


December  17 .  1916 
Vol.  XLVI.  Xo.26 

the  beam,  provided  its  effective  width  shall  not  exceed 
one-fourth  of  the  span  length  of  the  beam,  nor  be  greater 
than  six  times  the  thickness  of  the  slab  on  either  side 
of  the  stem. 

In  beams  with  T-sections  the  width  of  the  stem  only 
shall  be  used  in  calculating  longitudinal  shear  and  diago- 
nal tension.  An  effective  bond  shall  be  provided  at  the 
junction  of  the  beam  and  slab  when  the  principal  slab 
reinforcement  is  parallel  to  the  beam,  by  the  use  of  trans- 
verse reinforcement  extending  over  the  beam  and  well 
into  the  slab. 

In  the  design  of  T-beams  acting  as  continuous  beams, 
sufficient  compression  area  shall  be  provided  on  the  under 
side  at  the  support,  either  by  the  use  of  properly  designed 
brackets  or  by  embedding  additional  compression  steel  in 
the  concrete  extending  to  the  point  of  inflection. 

The  minimum  thickness  of  concrete  floor  slabs  shall 
be  4  in.,  and  of  roof  slabs  3^2  in. 

Cement  or  concrete  floor  finish  shall  not  be  considered 
in  calculating  the  strength  of  floor  members  unless  it 
be  laid  at  the  same  time  they  are  cast. 

The  design  of  composite  floors  consisting  of  rows  of 
concrete  tile  or  hard-burned  terra  cotta  tile,  gypsum 
blocks,  sheet  steel,  or  other  approved  fire  resisting 
material,  separated  by  ribs,  or  beams  of  reinforced  stone 
concrete,  shall  conform  to  all  the  provisions  of  these 
specifications  so  far  as  they  are  applicable.  Not  less  than 
2  bars  shall  be  used  in  each  rib  with  a  minimum  space 
between  bars  of  1  in.  The  width  of  ribs  shall  be  2  in.  plus 
the  widths  of  the  bars  plus  the  spaces  between  the  bars 
but  the  minimum  width  of  rib  shall  be  4-in. 

The  tile  or  blocks  shall  be  regarded  only  as  fillers,  and 
shall  not  be  considered  in  the  design  except  as  a  dead 
load. 

If  designed  as  a  T-beam,  the  slab  portion  above  the 
fillers  shall  have  a  thickness  of  at  least  one-fifth  the 
depth  from  the  top  surface  to  the  center  of  the  steel  and 
not  less  than  1'  ■>  in.,  and  shall  consist  of  the  same  mixture 
used  for  the  ribs,  and  shall  be  cast  at  the  same  time. 
Under  these  conditions  it  may  be  considered  in  the  design 
of  the  ribs. 

Tile  or  block  fillers  shall  be  laid  with  Portland  cement 
mortar  joints,  and  shall  be  thoroughly  wet  before  the 
concrete  is  poured. 

The  protection  for  steel  bars  in  the  bottom  of  ribs  shall 
be  the  same  as  for  other  beams. 

To  resist  expansion  and  shrinkage  stresses,  reinforce- 
ment bars  not  less  than  V2  in.  diameter  shall  be  placed  in 
the  concrete  at  right  angles  to  the  ribs  and  above  the 
fillers,  at  intervals  not  exceeding  30  inches. 

Steel  reinforcement  shall  have  a  minimum  protection 
of  concrete  on  all  sides  as  follows: 

In  columns  and  grirders,  2  in.;  in  beams  and  walls.  H4  in.;  and  in 
floor  slabs,   1   in. 

The  steel  in  footings  for  walls  and  columns  shall  have  a  minimum 
protection  of   1   in.  of  concrete. 

All  reinforcement  shall  be  accurately  located  and 
mechanically  secured  against  displacement  during  the 
placing  of  the  concrete.  Reinforcement  bars  for  slabs 
shall  not  be  spaced  farther  apart  than  two  and  one-half 
times  the  thickness  of  the  slab.  The  spacing  of  parallel 
bars  in  beams  shall  be  not  less  than  two  diameters  from 
center  to  center,  nor  less  than  1  inch.  The  clear  spacing 
between  two  parallel  layers  of  bars  shall  be  not  less  than 
1  in.  In  restrained  or  cantilever  construction  reinforce- 
ment shall  extend  beyond  the  supports  into  adjacent 
construction  for  full  and  effective  anchorage,  except  that 
when  this  is  not  practicable,  anchorage  shall  be  obtained 
by  other  means  acceptable  to  the  (Engineer  or 
Architect). 

Special  reinforcement  shall  be  provided  to  resist  con- 
centrated loads. 

Slabs  reinforced  in  one  direction  only  shall  have 
shrinkage  rods  not  less  than  ^i  in.  in  diameter  placed 
above,  and  crossing  the  reinforcement  and  spaced  not 
over  2  ft.  apart. 

All  reinforcement  shall  be  assembled  well  in  advance 
of  the  placing  of  the  concrete,  and  shall  be  inspected  and 
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approved  by  the  (Engineer  or  Architect)  before  concrete 
is  deposited. 

Splices  in  reinforcing  bars  shall  be  designed  to  transfer 
the  calculated  stress  at  the  joint  either  by  bond  and  shear 
through  the  concrete  or  in  vertical  supports  by  bearing 
between  the  steel.  Splices  at  points  of  maximum  stress 
shall  be  avoided  where  possible.  Lap  splices  of  bars  shall 
be  of  sufficient  length  to  develop  the  required  stress  in  the 
joint  without  exceeding  the  bond  stress  permitted,  and 
the  lapped  portions  shall  be  separated  by  a  space  not  less 
than  their  thickness  or  a  minimum  of  1  in. 

Members  of  web  reinforcement  in  beams  shall  be 
designed  for  diagonal  tensile  stresses,  using  the  calcu- 
lated vertical  shearing  stress  as  a  measure  of  these  tensile 
stresses.  The  longitudinal  spacing  of  vertical  stirrups 
shall  not  exceed  one  half  the  depth  of  beam  and  that  of 
inclined  members  shall  not  exceed  three  fourths  of  the 
depth  of  beam.  It  may  be  assumed  that  all  of  the  ex- 
ternal vertical  shear  in  excess  of  the  amount  heretofore 
specified  as  allowable  for  concrete  is  provided  for  by  the 
steel  in  vertical  or  inclined  web  members  and  bent  up 
bars. 

Web  members,  such  as  stirrups,  when  not  rigidly  at- 
tached to  the  longitudinal  steel  at  both  top  and  bottom, 
shall  be  carried  around  and  bent  over  the  longitudinal 
members  or  otherwise  sufficiently  anchored  in  the  com- 
pression concrete  to  develop  the  tensile  stresses  existing 
in  them.  Web  members  shall  be  rigidly  attached  to  the 
longitudinal  steel  on  the  tension  side.  Stirrups  at  the 
ends  of  continuous  girders  shall  be  inverted  with  the 
free  ends  anchored  in  the  compression  concrete  at  the 
bottom  of  the  beam.  The  lenath  of  stirrups  or  diagonals 
embedded  in  compression  concrete  shall  be  sufficient  to 
develop  their  entire  tensile  stresses  by  adhesion. 

Columns. — The  length  of  columns  shall  be  taken  as  the 
maximum  unsupported  length. 

The  unsupported  length  of  columns  shall  not  exceed 
15  times  the  effective  diameter  or  least  effective  thickness 
when  longitudinally  reinforced  nor  10  time*  the  effective 
diameter  for  hooped  columns,  and  in  no  case  shall  the 
effective  diameter  or  least  effective  thickness  be  less  than 
9  in.,  measured  within  the  ties  or  hooping  from  out  to 
out  of  the  longitudinal  reinforcement.  The  length  shall 
include  any  corbel  or  knee  brace  attached  to  the  column. 
The  effective  diameter  of  columns  supporting  girdless 
floors  shall  be  not  less  than  one  twelfth  the  least  panel 
dimension  of  panels  supported  by  any  column. 

Bending  stresses  in  columns  due  to  eccentric  loads  shall 
be  provided  for  by  increasing  the  section  of  concrete  or 
steel  so  that  the  total  unit  stress  shall  not  exceed  the  al- 
lowable working  stress  in  flexure. 

Suitable  steel  base  plates  or  castings  shall  be  provided 
at  the  bottom  of  columns  to  distribute  the  loads  over  the 
footings,  and  the  vertical  reinforcement  bars  shall  bear 
squarely  on  these  plates  or  the  reinforcing  bars  shall  be 
carried  down  into  an  enlarged  footing  to  distribute  the 
load  through  bond  stress. 

In  columns  where  necessary  to  splice  vertical  bars  hav- 
ing areas  in  excess  of  IVi  sq.  in.,  it  shall  be  done  by 
cutting  the  bars  squarely  at  the  ends  and  enclosing  them 
in  a  close-fitting  pipe  sleeve,  or  uniting  them  by  a  threaded 
splice  or  other  mechanical  connection  that  will  transfer 
the  load  from  one  to  the  other  without  stressing  the 
adjoining  concrete  excessively.  The  middle  point  of  such 
splices  shall  be  within  1  ft.  above  the  floor  level.  Splices 
in  column  hooping  where  necessary  shall  be  sufficient 
to  develop  the  full  strength  of  the  hooping. 

All  interior  columns  shall  be  round.  When  interior 
columns  other  than  round  are  used  for  architectural  effect, 
the  corners  shall  be  made  of  plaster  on  metal  lath  built 
around  the  columns  after  they  are  fully  set. 

Longitudinally  reinforced  columns  shall  have  not  less 
than  4  vertical  bars  or  rods  secured  against  lateral  dis- 
placement by  steel  ties  placed  not  farther  apart  than  16 
diameters  of  the  vertical  bars  or  rods,  nor  more  than 
12  in.  The  area  of  the  certical  reinforcement  shall  be  not 
less  than  1  per  cent  nor  more  than  4  per  cent,  calculated 
upon  the  effective  area  of  the  column,  which  is  the  area 
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within  the  reinforcement.  No  vertical  bars  shall  have  a 
diameter  or  least  dimension  less  than  %  in,  and  steel  ties 
shall  be  not  less  than  Vi  in-  in  diameter  or  least  dimen- 
sion. 

Hooped  columns  shall  be  reinforced  with  vertical  steel 
with  an  area  of  not  less  than  1  per  cent  and  not  more 
than  4  per  cent,  calculated  upon  the  effective  area  of  the 
column.  The  vertical  bars  or  rods  shall  be  spaced  not 
farther  apart  than  one-eighth  the  circumference  nor  more 
than  8  in.,  and  be  secured  to  the  hooping.  The  rein- 
forcement, in  the  form  of  hoops  or  spirals,  shall  be  not 
less  than  1  per  cent  (that  is,  a  volume  of  steel  equal  to 
the  required  per  cent  of  the  volume  of  concrete  within 
the  hoops  or  spirals  for  a  unit  length  of  column),  with 
a  clear  spacing  not  greater  than  one-sixth  the  effective 
diameter,  and  preferably  not  greater  than  one-tenth  the 
effective  diameter,  nor  more  than  2V2  in.  For  hooped 
columns  reinforced  as  herein  specified,  the  unit  concrete 
stresses  may  be  700  lb.  per  square  inch  for  1:2:4:  con- 
crete and  870  lb.  per  square  inch  for  1:1V2:3:  concrete. 

The  load  which  may  be  carried  by  any  column  shall  be 
determined  by  the  following  formula: 


P  =    f^   (Ac  +  nA,). 


in   which: 


pounds     per 


P  =    total  load  in  pounds. 

tc  =    allowable    compressive    fiber    stress 

square    inch   on   the  concrete. 
Ac  =    effective  area  of  concrete  in  square  Inches. 

n  =   ratio  of  deformation. 
As  =    area  of  vertical  steel   in  square   inches. 

Axial    compression    in    structural    steel    columns    thor- 
oughly encased  in  concrete  having  a  minimum  thickness 


disposed  near  eadh  face  of  the  wall;  except  that  in  walls 
or  partitions  8  in.  or  less  in  thickness,  the  reinforcement 
may  be  placed  as  a  single  layer  in  the  middle.  Reinforce- 
ment shall  be  spaced  not  more  than  18  in.  apart.  Addi- 
tional reinforcement  shall  be  placed  around  wall  open- 
ings, and  all  vertical  and  horizontal  reinforcement  shall 
be  wired  or  have  other  mechanical  bond  at  intervals  not 
exceeding  18  in.  in  either  direction. 

General. — The  1916  Report  of  the  Joint  Committee  on 
Concrete  and  Reinforced  Concrete  shall  be  followed  in 
the  design  of  girderless  slabs,  and  it  shall  be  the  final 
authority  in  interpreting  these  specifications  and  apply- 
ing same  to  unusual  cases  of  spans  and  loading. 


COMPARATIVE    COSTS    OF    STEEL    AND    CON- 
CRETE BRIDGES. 

Interesting  comparative  figures  on  the  cost  of  steel 
and  concrete  bridges  are  given  by  A.  W.  Conover,  Engi- 
neer, Bureau  of  Bridges  of  the  Illinois  State  High- 
way Department,  in  the  November  Illinois  Highways. 
According  to  these  figures  the  first  cost  of  a  steel  bridge 
in  many  instances  now  exceeds  the  first  cost  of  a  con- 
crete structure.  Table  I  shows  the  bids  actually  submit- 
ted and  the  comparative  estimates  for  a  number  of  struc- 
tures for  which  alternate  plans  for  both  steel  and  con- 
crete bridges  were  prepared. 

These  plans  were  prepared  by  the  Bureau  of  Bridges 
during  the  years  1914-1916.  They  cover  only  those  cases 
where  there  was  some  doubt  as  to  whether  a  concrete  or 
steel  bridge  would  prove  more  economical  for  the  site  in 


TABLE  I.— COMPAEISON   BETWEEN  COSTS  OF  STEEL,  AND  CONCRETE  BRIDGES. 


Name  of 
Bridge.  Location. 

Sneakout Cave  Township,   Franklin   County 

Bluff  City  Woodland    and    Hickory     Townships,    PMlton    and 

Schuyler   Counties    

Burtons     Xunda  Township.   AIcHenry  County 

Mt.  Moriah  Church...  La   Grange   and    East    Fork    Townships,    Bond   and 

Montgomery  Counties  

Brady     Pea  Ridge  Township,  Brown  County 

Popham   Pleasant  Grove  Township,  Coles  County 

Pond  Creek  Frankfort    and    Lake    Creek    Townships,    Franklin 

and   Williamson   Counties    

Pinney    Bolo   Township,   Washington   County 

Corrigan    Amity   Township,    Livingston    County 

Troumbower   Buckhart    and    Mt.    Auburn    Townships,    Christian 

County  

Kellogg    Clintonia  Township,  DeWitt  County 

Dunn   Prairio    Ewing   Township.    Franklin    County 

Grassy  Creek   Saline   Township,    Williamson   County 

Sedgwick    Lisbon   Township,    Kendall   County 

Watson    Cherry  Valley  and   Monroe  Townships,  Winnebago 

and  Ogle  Counties 

Richards    Sheridan  Township,   L,ogan  County 

Stuhan     .Sheridan     and    West     Lincoln     Townships,     Logan 

County  

New  Canton   Pleasant   Vale   Township,    Pike   County 

Melton  County  Line. .  Westfleld  and  Kansas  Townships,  Clark  and  Edgar 

Counties 

No.  1  Centennial Dou.alas  Township,  Iroquois  County 

McCue Greenwood  Township,  McHenry  County 


Totals 


•Denotes  the  award  of  the  contract. 


Total 
span  (ft.). 
50 

60 
400 

60 
60 
50 

30 

30 
150 

50 
50 

55 
3C 

36 

150 
30 

30 

150 

50 
120 

50 

1.691 
1,521 


Estimated  Costs. 
Steel.             Concrete. 
$  1,930                 i  2,160 

2,880 
15,300 

3,250 
17,000 

3,180 
2,855 
2,240 

3,210 
3,660 
2,050 

1,335 

1,500 

1,300 
7,950 

1.445 
7,550 

1,970 
2,275 

2,000 
2,360 

2,000 
985 

2,125 
1,125 

1,695 

1,730 

7,620 
1,272 

6,640- 
1,208 

1,520 

1.445 

11,220 

9,680 

3,350 
7,560 
2,415 

3,310 

10,410 

2,515 

$S2,S52 

186,373 

Low  Bids  Received. 
Steel.  Concrete. 

$  1,863  *?  1,869 


2,699 
13,705 

•2,552 

•2,422 

1,760 


•2,989 
14,000 

2,900 

3.229 

•1,840 


•947        No  returns 

Not  included  in  totals. 

•1,250  1,250 

7,200  7,600 

1,221  1,499 

2,350  No  returns 
Not  included  in  totals. 

1,94S  •1,913 

No  returns  •I. 098 

Not  included  in  totals. 

1,690  *1,685 


6,855                   •5,999 
No  returns            •I, 200 
Not  included  in  totals. 
No  returns            •1,400 
Not  included  in  totals. 
11,800                   •9,343 

2,897 
•9,300 

•2,580 

•2,680 
9,980 
2,423 

?71,745 


$71,200 


of  4  in.  and  reinforced  with  not  less  than  1  per  cent  of 
hooping  steel  (that  is,  a  volume  of  steel  equal  to  1  per 
cent  of  the  volume  of  concrete  within  the  hoops),  equally 
divided  between  vertical  reinforcement  and  spirals  or 
hoops  spaced  not  more  than  12  in.  apart,  may  be  taken  at 
16,000  lb.  per  square  inch  on  the  net  section  of  the  struc- 
tural steel,  no  allowance  being  made  for  the  concrete 
casing.  The  spirals  or  hoops  shall  be  placed  not  nearer 
than  1  in.  from  surface  of  the  concrete.  The  ratio  of 
length  to  least  radius  of  gyration  of  the  structural  steel 
section  shall  not  exceed  120. 

Walls. — Exterior  and  interior  bearing  and  non-bearing 
walls  of  reinforced  concrete  shall  be  securely  anchored 
to  all  intersecting  walls,  columns  and  floors,  and  the  al- 
lowable compressive  stress  shall  not  exceed  250  lb.  per 
square  inch.  The  thickness  shall  be  not  less  than  two- 
thirds  that  specified  for  brick  walls,  and  in  no  case  less 
than  8  ins.  All  such  walls  shall  be  reinforced  with  steel 
running  both  horizontally  and  vertically.  The  amount 
of  reinforcement  shall  be  not  less  than  one-fifth  of  1  per 
cent  of  the  cross  section  of  the  wall,  and  shall  be  equally 


question.  For  the  majority  of  bridge  sites,  the  advan- 
tage of  the  one  type  of  bridge  construction  over  the  other 
is  apparent  from  the  comparative  estimates  for  a  con- 
crete and  a  steel  bridge. 

The  last  eight  bridges  in  the  table  were  contracted  for 
in  1916,  and  in  a  number  of  these  cases  both  the  esti- 
mates and  low  bids  received  indicate  that  a  concrete 
bridge  is  cheaper  in  first- cost  than  a  steel  bridge.  The 
one  notable  exception,  the  No.  1  Centennial  bridge  in 
Douglas  Township,  Iroqois  County,  is  explained  by  the 
fact  that  a  concrete  bridge  for  this  site  involved  the  con- 
struction of  a  long  central  pier  about  22  ft.  high,  built 
on  a  skew.  In  the  case  of  the  Centennial  No.  1  bridge, 
however,  it  would  have  been  possible  to  justify  the  se- 
lection of  a  concrete  bridge  on  the  basis  of  cheaper  ulti- 
mate cost. 


The  directors  of  the  Union  Depot  Co.,  of  St.  Paul,  Minn., 
have  decided  to  modify  the  plans  for  the  proposed  struc- 
ture so  as  to  reduce  "the  cost  from  $15,000,000  to  $11,- 
000,000. 
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DETAILED  COST  OF  113-FT.  REINFORCED  CON- 
CRETE THROUGH  GIRDER  BRIDGE  BUILT 
NEAR  DOUGLAS,  ARIZ. 

During  1915-1916  the  State  Highway  Department  of 
Arizona  constructed  a  113-ft.  concrete  bridge  over  the 
Whitewater  River  near  Douglas,  Ariz.  The  structure  was 
of  the  through  girder  type,  and  consisted  of  two  spans 
37  ft.  6  in.  each  and  one  span  38  ft.  It  replaced  a  90-ft. 
frame  bridge.  Very  complete  cost  data  on  the  work  are 
given  in  the  recently  issued  annual  report  of  Lamar  Cobb, 
State  Engineer,  from  which  the  matter  that  follows  is 
taken. 

Subaqueous  Foundations. 

The  subaqueous  foundations  required  236.5  cu.  yd.  of 
excavation  and  223.7  cu.  yd.  of  concrete.  The  detailed 
cost  of  this  work  was  as  follows: 

Excavation. 


Total. 

Foreman    $    200 

Laborers    6^" 

Drivers    51 

Teams   24 

Miscellaneous     153 

Tools    "1 


Total    l.HS 

Pumping — 

Foreman    $      23 

Laborers    200 

Fuel    29 

Miscellaneous    48 

Tools    14S 


Total    $    45:i 

Less  chargeable  to  concret- 
ing     IS 


Per  cu.  yd. 

Per  cu.  yd. 

excavation. 

concrere. 

23G.5  cu.  yd.) 

(223.7  cu.  yd.) 

$0.85 

$0.90 

2.74 

2.91 

.21 

.23 

.10 

.11 

.65 

.68 

.30 

.32 

$4.85 

$5.15 

$0,118 

$0,125 

.85 

.20 

.121 

.129 

.200 

.214 

.605 

.660 

$1,914 

$2,028 

.077 

.083 

Net  total 


434 


$1,837 


$1,945 


Shoring. 

Sheet   piles   driven.    340:    average   length,    10   ft.     Cost  per   lin.    ft.. 

3.380  lin.  ft.  at  20%  ct.     Board  feet  driven,  8.88  M  ft.  at  $78.60.     Cost 

per  lin.   ft.  la-bcr  only,  14.6  ct.                           _  „               o 

Per  cu.  yd.  Per  cu.  yd. 

excavation.  concrete. 
(236.5  cu.  yd.)   (223.7  cu.  yd.) 

$0.19  $0.20 

.033  .035 

.773  .820 

1.085  1.146 

.002  .003 

.480  .507 

.265  .281 

.122  .128 


Foreman    . 

Total. 
$45 

182 

255 

4 

114 

63 

29 

Per  M  ft. 

B.  M. 
$  5.05 

Carpenters 

.87 
20.35 

28.80 

NaiN 

.42 

Miscellaneous    

Tools    

12.80 
7.07 

Teams  and 

drivers 

3.24 

Total    $698 


$78.60 


$2.95 


$3.12 


Piling. 
Excavation,  69.9  cu.  vd.  at  $1.45.  Concrete,  7.10  cu.  yd.  at  $1.41. 
Number  piles  driven.  17;  length.  S  ft.:  cost  per  lin.  ft.,  $0.7362.  Pene- 
tration, 5  ft.:  cost  per  ft.  penetration,  51.145.  Board  feet  driven.  0.896 
M  B.  ft.  Cost  per  II  B.  ft.,  $111.50.  Lumber  per  lin.  ft.,  $0.2275, 
Lumber  per  M  B.  ft.,  $34.40.  Cost  driving  only,  per  lin.  ft.,  $0.5075. 
Cost  driving  only,  per  M  B.   ft.,  $77.00. 

Per  cu :  yd. 
concrete. 
(223.7  cu.  yd.) 
$0,017 
.129 
.034 
.034 
.074 
.022 


Total. 

Foreman    $4.00 

Laborers    29.00 

Teams    8.00 

Drivers    S.OO 

Tools 17.00 

Miscellaneous    5.00 


Total   labor $69.16 

Lumber    30.85 


Total    ■ $100.01 

CONCRETING  MATERIALS  TO   jnXER. 
Yardage,  loose  material,  not  including  slag:  143  cu.  yd. 


$0,310 
.138 

$n.ns 


Foreman    $8.63 

Miscellaneous     3.68 

laborers    

Tools    


Cost  per 
yd.  of  loose 
Total,     material. 


$12.00 

65.00 

3.00 


Tot.-il    $80.00 

CONCRETING   MIXING— OPERATION. 


Total. 

Foreman    $  6.00 

Laborers    45.00 

Miscellaneous    158.00 

Repairs    57.00 

Tools    '  33.00 

Fuel,  22  gal.  at  17  ct 4.00 

Water.  20,715  gal.  at  $1.42  per  M.  gal 29.00 


$0,086 
.449 
.018 

$0,553 


$0.05.T 

.289 
.012 

$0,356 


Per  cu.  yd. 
concrete. 
(223.7  cu.  yd.) 
$0,024 
.202 
.70S 
.253 
.147 
.017 
.132 


Total    $332.00  «1.483 

CONCRETING  MIXING— 1IATERI.\LS. 
Number  sacks  cement  per  yard  concrete.  3.43  sacks;  net  cost  per 
eack  cement.  $0.75;  cu.  yd.  sand  per  yard  concrete,  so. 412  cu.  yd.:  cu. 
yd.  sand  per  yard  concrete,  $0,412  cu  yd.;  cost  per  yard  of  sand. 
$2,135;  cu.  yd.  slag  per  yard  concrete.  SO. 613  cu.  yd.:  cost  per  yard  of 
slag,  $1.10.i;  cu.  yd.  gravel  per  yard  concrete.  $0,232  cu.  yd.;  cost  per 
yard  of  gravel,  $2,100;  per  cent  of  slag  to  total  concrete,  61.25  per 
cent;  average  gallons  water  per  yard  concrete,  90%  gal.;  cement, 
1648.76 — 767  sacks;  less  sacks  returned.   $72.05. 
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Per  cu:  yd. 
concrete. 
Total.         (223.7  cu.  yd.) 

Net  cost  of  cement $    577.00  $2,58 

Sand,  91.9  cu.  yd.  at  $2.135 ■     196.00  .878 

Slag,  136.9  cu.  yd.  at  $1.105 151.00  .676 

Gravel,   52.0  cu.  yd.  at  $2.10 '    109.00  .488 

Total    $1,033.00  $4,622 

CONCRETING   FORMS. 

Foreman    $9.37 

Miscellaneous    4.58         $14.00  $0,062 

Laborers    86.00  .385 

Tools     9.00  .039 

Total    $    109.00  $0,486 

CONCRETINCJ— PLACING. 

Foreman    $3.61 

Miscellaneous    1.46        $5.00  ^O-??^ 

Laborers    26.00  .119 

Tools   4.00  019 

Total    $      35.00  $0,161 

Add  cost  of  pumping 18.00  .081 

Grand  total  placing $      54.00  $0,242 

SUMMARY. 
Total  subaqueous  excavation,  $2.280.90 — cost  per  yard  excavation, 
$9,637  per  cu.  yd.;  concrete,  $10,215;  total  subaqueous  concrete,  $1,- 
607.53— cost  per  yard  concrete,  $7.1.S3;  total  subaqueous  piling.  $100,01 
— cost  per  M.  ft.,  $111.50;  lin.  ft..  $0.77;  yard  concrete,  $0,448;  grand 
total  subaqueous  foundations,  $3,988 — cost  per  yard  concrete,  $17,846. 

SUBAQUEOUS  FOUNDATIONS:  COMPARISONS  OF  COST- 
EXCAVATION. 
The  following  figures  are  for  costs  per  yard  excavation: 

East         West 

abut-        abut-         Pier  Pier 

ment.         ment.         No.  1.         No.  2. 

Excavation    $  1.65         $  8.00         $  4.71         $  2.90 

Pumpmg    76  3.03  1.46  1.54 

Shoring    3.57  2.S9  2.93  2.68 

Piling   1.45         

Total    $5.98         $15.37         $9.10  $7.12 

SUBAQUEOUS    FOUNDATIONS:     COMPARISONS    OF    COSTS- 
CONCRETE. 
The  following  figures  are  for  costs  per  yard  concrete: 

East         West 

abut-         abut-          Pier  Pier 

ment.         ment.         No.  1.  No.  2. 

Excavation    $  1375       $  7.75         $  5.50  $  3.48 

Pumping    63             2.90            1.77  1.845 

Shoring     2.&65           2.77            3.49  3.206 

Piling    1.41             ....  ■■•■ 

Total   excavation    $4.97  $14.83  $10.76  $  8..53 

To   mixer 324  .339  .42  .31 

MLxing  operations    1.855  1.346  1.475  1.42 

Mixing  materials    5.05  4.36  4.56  4.81 

To   forms 143  .329  .86  .42 

Placing   138  .478  .055  .24 

Total   concreting    $7.52        $6,852      $7.37        $7.20 

Grand  total   $12.48         $21,682       $18.13         $15.73 

Superaqueous  Foundations. 

The  original  design,  which  called  for  reinforced  con- 
crete walls  and  columns  resting  on  24-in.  footings  at  the 
bottom  of  the  subaqueous  excavation,  was  not  followed 
in  the  construction.  The  successful  placing  of  the  re- 
inforcing and  concrete  as  in  the  original  design  would 
have  required  a  water-tight  sheet-piling,  and  a  concrete 
seal  at  the  bottom,  and  a  type  of  sheeting  that  would 
stand  without  bracing.  Sheet-steel  piling  would  have 
served  this  purpose,  but  was  not  obtainable,  so  the  origi- 
nal design  was  abandoned.  Instead,  that  part  of  the 
foundations  that  were  below  water  level  were  cast  in 
mass-concrete,  and  that  part  of  the  foundations  that  were 
above  the  water  level  were  put  in  according  to  the  plans. 
This  required  that  the  reinforcing  steel  be  cut  to  new 
lengths.  The  East  abutment  did  not  extend  to  sufficient 
depth  to  establish  a  firm  foundation,  and  an  extra  sub- 
footing  was  put  under  it,  although  the  plans  did  not  call 
for  that  depth.  The  only  difficulty  experienced  in  pour- 
ing this  part  of  the  foundation  was  that  the  forms  for 
the  columns  were  not  strong  enough  to  stand  the  weight 
of  the  concrete,  and  they  bulged  in  spite  of  all  that  could 
be  done  to  tie  and  brace  them  in  place.  The  columns 
were  on  a  skew,  and  the  concentration  of  pressure  on 
the  sharp  angles  overcame  the  pressure  on  the  flat  angles, 
so  that  the  columns  deformed  along  the  sharp  angles. 
One  column  skewed  so  badly  it  was  torn  down  and  re- 
placed, while  all  of  them  showed  more  or  less  deforma- 
tion on  the  sharp  angles.  It  is  thought  that  if  a  heavy 
piece  of  timber  had  been  placed  along  the  sharp  angles, 
and  tied  in  securely,  the  trouble  might  have  been  pre- 
vented, but  no  provision  had  been  made  for  such  timber 
in  the  plans  of  the  forms.  The  parapet  placed  on  the 
abutments  as  a  continuation  of  the  curb  on  the  girders 
did  not  allow  sufficient  play  to-take  care  of  the  expansion 
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and  cracks  have  developed  in  the  parapet,  especially  on 
the  east  end. 

The  superaqueous  foundations  required  810  cu.  yd.  of 
e.xcavation  and  the  placing  of  87  cu.  yd.  of  concrete. 

The  yardage  as  to  excavation,  represents  the  dry  ex- 
cavation for  the  abutments.  The  e.xcavation  on  the  west 
end  was  through  clay,  while  on  the  east  end  it  was 
through  hard  gravel,  requiring  blasting  to  loosen  it.  Both 
excavations,  after  loosening,  were  taken  out  with  scrap- 


Fig.   1 — Old   Frame  Structure. 

ers.    The  yardage  as  to  concrete  is  for  the  two  abutments 

.  only.  Per  cu.  yd.  Per  cu.  yd. 

Total.  excavation.  concrete. 

Foreman     $53.00                $0,066  $0.61.3 

Laborers 239.00                    .295  2.740 

Drivers 92.00                    .114  1.059 

Teams    92.00                    .114  1059 

Elxplosives    14.00                    .017  .161 

Miscellaneous 62.00                    .077  .715 

Tools     37.00                      .045  .426 

Totil     $539.00  $0.7280  $6,773 

FORMS— FR.4.MING  AND  ERECTING. 
Yardage,  concrete,  120  cu.  yd.,  based  on  total  concrete  in  super- 
aqueous  foundations;  board  ft.  framed.  4,720  M.  B.  ft.  at  $81:  square 
feet  covered,  2  488  sq.  ft.  at  $0.1535:  board  feet  actually  used,  2,360 
M.  B.  fl.,  $162:  cost  of  lumber  actually  used.  2.360  M.  B.  ft.  at  $28.40; 
ratio  feet  framed  to  feet  used,  2:1;  labor  cost  only,  per  sti.  ft.,  $0.03; 
per  .M.  B.  ft.,  $78.90,  framed. 

Per  cu.  yd. 
Total.  concrtle. 

Foreman    $  20.00  $0.1709 

Carpenters    91.00  .7625 

Laborers    88.00  .7310 

Miscellaneous 104.00  .8640 

Tools    3.00  .0228 

Total  labor    $306.00  $2.5512 

Lumber    07.00  .5580 

Nails     9.00  .0760 

Total   materials   $  76.00  $0,6340 

Total  labor  and  materials $382.00  $3.1852 

FORMS— STRIPPING. 
Cost  per  M.   B.  ft.,  framed,  $14.00;  cost  per  square  foot.  $0.0265. 

Foreman    $  11.00  $0.0887 

Carpenters    4.00  .0334 

Laborer;,    4S.00  .3965 

Miscellaneous    3.00  .0267 

Tools    ^ ; 1.00  .0081 

Total    $  66.00  $0.5534 

TOTAL  FORMS:  FRAMING  AND  ERECTING  .\ND  STRIPPING. 

Total  cost,  $449:  cost  per  cu.  yd.  concrete.  $3.7386;  cost  per  Jl.  B. 
ft,  $95;  cost  per  square  foot,  $0.18;  cost  for  labor  only,  per  M.  B.  ft., 
$78.80  framed;  cost  for  lumoer  only,  per  M.  B.  ft..  $16.20  framed,  net 
cost;  p?r  sq.  foot,  $0,035  (net  cost  of  lumber):  actual  B.  ft.,  lumber 
used.  2.360  M.  R.  ft.;  first  cost  of  lumber  used.  $93.05  per  M.  B.  ft., 
$39.40;  less  credits  for  scrap  recovered,  $26  per  M.  B.  ft.,  $11;  net  cost 
of  lumber,  $67.05  per  M.  B.  ft.,  $28.40;  ratio  first  cost  to  credits, 
1:0.279. 

CONCRETING:   TO  MIXER. 

Yardage,  concrete,  120.0  cu.  yd.  at  $0,5689;  loose  materials,  130.4  cu, 
yd.   at  50.5225.  Per  cu.  yd. 

„  Total.  concrete. 

Foremaa    $7.47 

Miscellaneous    3,22     $11.00  $0.0892 

Laborers    ^,u._, 55.00  4580 

Tools 3.00  .0217 

Total    $  69.00  $0.5689 

CONCRETING:    MIXING — OPF.'R-VTION. 

Total. 

Foreman     $     4.00  $0.0295 

Laborers    24.00  .1990 

Miscellaneous    108.00  .89.80 

Repairs 38.00  .312.") 

Tools     20.00  .1656 

Fuel,  HH  gal.  at  $0.169 2.00  .0205 

Water,  13,435  gal.  at  $1,308  M 17.00  .1463 

Total     $210.00  $1.7714 

CONCRETING— MIXING  MATERIALS. 

Number  sacks  cement  per  yard  concrete.  4  sacks;  net  cost  per  sack 

cement.   $0.74;   cu.    yd.   sand   per  yard  concrete — 0.37   cu.   yd.;   cost  of 

sand  per  yard  sand,   $2.18-   cu,   yd.   gravel  per  yard  concrete,  0.72  cu 

yd.;   cost   of   gravel   per  yard   gravel,    $2,145;    average  gal.   water  per 


yard  concrete,  120  gal,;  cement,  478  sacks  at  $0,83J,  $398.67;  less  credit 
for  sacks  returned,  $44.95,  per  cu.  yd. 

Total.  concrete. 

Net  cost  of  cement  at  $0.74 $354.00  $2,945 

Sand,   44.3   cu.    yd.   at  $2.18 97.00  .806 

Gravel,  86.1  cu.   yd.  at  $2.145 1S4.00  1.535 

Total     $635.00  $5,286 

CONCRETING   FORMS. 

Foreman    $7.98 

Miscellaneous     3.02     $  11.00  $0.0916 

Laborers    39.00  .3220 

Tools    4.00  .0346 

Total $54.00  $0.4482 

CONCRETING— PLACING. 

Foreman $3.22 

Miscellaneous    1.29     $     5.00  $0.0375 

Laborers    $25.00  .2055 

Tools    .0015 

Total    $30.00  $0.2445 

REINFORCING— BENDiNG. 
Yardage,  concrete,  120.0  cu.  yd.;  pounds  steel  bent,  13.141  lb. 

Per  cu.  yd.  Per  lb. 

Foreman    $     5.00             $0.0427  $0.00039 

Laborers    28.00                .2330  .00212 

Tools    5.00                .0405  .00037 

Totals $38.00             $0.3162  $0.00288 

REINFORCING— PLACING. 

Foreman    $33.00             $0,278  $0.00254 

Laborers    43.00                 .358  .00327 

Tools    1.00                 .001  .00006 

.Miscellaneous     24.00                 .209  .00185 

Total  labor   $101.00  $0,846  $0.00772 

Steei     297.00  2.475  .02260 

Total    $398.00  $3,321  $0.03032 

Add  cost  of  bending 38.00  .3162  .00288 

Total   cost    of   reinforcement...     $436.00             $3.6372  $0.03320 

SUMMARY.  Per  yard 

concrete. 

Total  e.xcavation     $    589.44  $  4.92 

Total  forms    448.86  3.74 

Total  concreting    996.09  8.32 

Total  reinforcing    436.19  3.63 

Grand   total    $2,470.58  $20.61 

RECAPITULATION— SUBSTRUCTURE. 
Pctg.  of  total 

cost  of  Cost  per 

Account.                                                Cost.         bridge.     Cu.  yd.  yard. 

Subaqueous    foundations $3,988.44         33.25         223.7  $17.85 

Superaqueous    foundations 2,470.58         20.55         120.0  20.61 

Total  substructure   $6,459.02         53. SO         343.7         $18.80 

Cost  per  yard  subaqueous  concrete,  $17.85;  cost  per  yard  super- 
aqueous concrete,  neglecting  reinforcements,  $16.98.  Average  mix 
used  in  subaqueous  concrete:  1  part  cement,  3.2  parts  sand.  4.~S  parts 
gravel,  1.8  slag.  Average  mix  used  in  superaqueous  concrete;  1  pare 
cement,  2  parts  sand,  4  parts  gravel. 

Superstructure. 
Falsework. — The  original  plans  for  falsework  did  not 
allow  of  any  adjustment  between  the  posts  and  caps,  and 
it  was  necessary  to  make  hard-wood  wedges,  and  purchase 
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Fig.    2 — New    Whitewater    River    Bridge. 

additional  timbers  to  serve  as  bottom  caps.    Twenty  piles 
were  also  driven  over  the  channel  of  the  creek. 

Girder  Forms. — The  failure  of  the  girder  forms  to  stand 
up  under  the  strain  of  the  pouring  of  the  concrete  caused 
the  resulting  girder  to  have  a  decidedly  wavy  appearance. 
The  cause  of  this  lay  in  the  fact  that  the  inside  forms 
had  no  direct  support,  but  relied  on  the  outside  forms  to 
prevent  any  motion  of  the  inside  forms  without  a  cor- 
responding movement  of  the  outside  forms,  but  did  not 
prevent  both  forms  from  moving  laterally  together.  Not 
sufficient  lumber  was  provided  to  prevent  such  lateral 
movement  and  when  the  concrete  was  poured,  and  the 
short  legs  under  the  inside  forms  were  of  necessity  re- 
moved, the  whole  girder  warped  as  a  result  of  the  unsup- 
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ported  weight  on  the  inside.  On  the  second  and  third 
spans,  the  brackets  were  left  off  the  cross-pieces  since 
they  served  no  useful  purpose.  On  these  spans,  the  in- 
side forms  dropped,  as  on  the  first,  but  without  pulling 
the  outside  forms  so  badly  out  of  place.  If  it  had  been 
possible  to  pour  the  floor  first,  and  then  set  the  girder 
forms  on  the  floor,  this  trouble  might  have  been  pre- 
vented, but  the  nature  of  the  reinforcement  did  not  al- 
low casting  the  floor  and  curb-line  separately  from  the 
girders,  and  that  method  was  impracticable.  If  sufllicient 
timbers  had  been  provided  to  allow  hanging  both  the 
girder  forms  from  cross-timbers  supported  on  posts  rest- 
ing on  the  falsework,  it  would  again  have  been  possible 
to  avoid  the  tro.uble,  but  such  timbers  were  not  available. 

An  eff"ort  was  made  to  put  the  forms  up  in  sections,  in 
order  to  save  expense,  but  this  plan  failed  because  of  the 
recessed  corners  at  the  top  and  bottom  of  the  inside  pan- 
els where  the  panels  joined  the  coping  and  the  curb.  The 
forms  caught  in  these  recesses  and  prevented  swinging 
the  forms  away  after  pouring.  Because  of  this,  each  in- 
side post  had  to  be  torn  down  before  the  panels  could  be 
moved.  The  same  applies  to  the  outside  posts,  but  in  a 
lesser  degree,  since  *he  outside  posts  were  of  one  piece, 
while  the  inside  posts  were  in  three  pieces. 

Concreting. — The  first  span  was  poured  by  dumping  the 
buggies  into  a  chute  and  shoveling  from  the  chute  to  the 
forms,  in  an  eflfort  to  save  the  forms  from  vibration  as 
much  as  possible.  Since  this  did  not  seem  to  have  any 
effect,  the  rest  of  the  bridge  was  poured  by  constructing 
a  trestle  work  level  with  the  tops  of  the  forms  and  dump- 
ing directly  into  the  forms. 

Reinforcing. — The  reinforcing  presented  some  difficulty 
on  account  of  its  complexity,  which  ran  up  the  cost  of 
placing.  The  bars  were  spaced  by  small  concrete  bricks, 
and  every  effort  was  made  to  conform  to  the  cross-section 
shown  on  the  plans.  In  bending,  the  only  trouble  en- 
countered was  in  the  stirrups.  The  Bates  Tyer  used 
worked  in  a  satisfactory  manner,  but  the  ties  furnished 
were  too  light  for  the  heavy  steel,  and  broke  easily  under 
strain. 

rORMS— FRAMING  AND  ERECTING. 

Yardag^e  concrete.  171  cu.  yd.;  board  feet  framed,  10.221  M.  B.  ft.: 

actual   board   feet   used,    7.679    M.    B.    ft.,    S27.65;    square   feet   covered, 

5.33'l  sq.  ft.:  total  cost  per  M.  B.  ft.  actually  used.  $110:  labor  cost  onlv 

per  M.  B.  ft.  actually  used,  $80;  ratio  feet  framed  to  feet  used,  1.34:1. 

Per 
Per  cu.  yd.  M.  B.  ft. 
Total      concrete,     framed. 

Foreman    $65.00         $0,382         $6.47 

Carpenters    1S4.00  1.078  18.00 

Laborers    281.00  1.645  27.50 

Miscellaneous    74.00  .432  7.30 

Tools    9.00  .049  .84 

Total  labor   $614^00 

Lumber 212.00 

N'ails     20.00 


Lumber    260.00 

Nails    19.00 


l.oloO 
.1150 


20.10 
1.46 


Per 
sq.  ft. 
$0.0123 
.0346 
.0328 
0139 
.0016 


$3,587 

1.250 

.110 

$60.11 

20.75 
1.92 

$0.1152 
.0395 
.0037 

$82.78 


$0.1588 


$0.0805 

$  1.345 

$0.0025» 

.0408 

.685 

.00131 

.4610 

7.735 

.01480 

.0239 

.400 

.00077 

.0212 

.355 

.0006S 

Total   forms    $845.56         $4,947 

FORMS— STRIPPING. 
Cost  of  stripping  per  M.  B.  ft.  framed,  $10.51;  cost  of  stripping  per 
square  foot.    $0.02014. 

Foreman    $  14.00 

Carpenters    7.00 

Laborers    79.00 

Miscellaneous     4  00 

Tools    3.40 

Total    $107.00         $0.6274       $10,510         $0.02014 

TOTAL  FORMS— FRAMING,  ERECTING  AND  STRIPPING. 
Total  cost.  8952.99;  cost  per  cu.  yd.  concrete,  $5.5744:  cost  per  M. 
B.  It.  iramed.  $93.29:  cost  per  square  foot  covered,  $0.17894:  cost  of 
L^  ,.,'^.,''"'*''  P*""  *'•  ^-  "■  'ramed.  $70..-.0:  moterials  per  square  foot, 
f  V'iA  S?,^^*'^^'"'"^'''''''^  ""'*•  P'^'"  ^I-  B.  ft.  framed,  $22.79:  per  square 
foot.  $0.04394:  first  cost  of  lumber  used,  $300.10:  per  M  B.  ft  $39  05- 
less  credits  for  scrap  recovered.  $SS:  per  M.  B.  ft.,  $11.40:  net  cost 
1     0  '92  5212.10   per   M.    B.    ft..    $27.65;    ratio    first    cost    to    credits. 

The   above   costs   are    for   the    costs   of   framing   both    the   girder. 

forms  and  the  floor.    Complete  figures  as  to  cost  of  the  floor  were  not 

kept,   hut   an   estimate,   based   on   the  labor  distribution   for   the  first 

span  shows  the  followmg  costs  per  square  foot- 

Floor.  2.500  sq.  ft.  at  $0.07 J175  nn 

Girders.    2.S.'!0  sq.    ft.    at   $0.2330 ".    67100 

From  which: 

Cost  of  laving  floor,  per  sq.  ft jO  0700 

Cost  of  forms  for  plain  surfaces il535 

Cost  of  forms  for  paneled  surfaces .' ...'      2330 

These  figures  are  for  framing  and  erecting  only,  and  do  not  include 

cost  of  stripping. 

FALSEWORK:    FRAMIXG   AND    ERECTING:    BENTS 
Y.ardage.  concrete.  171  c'l.  yd.:  board  feet  framed.  12.919  M    B    ft  • 
board  feet  actually  used,  8.902  M.  B.  ft. 

Total. 

Foreman    $13.00 

Carpenters    37.00 

Laborers    74.00 

Miscellaneous 17.00 

Tools    2.00 


Per  cu.  vd. 

Per  M.  B.  ft 

concrete. 

framed. 

$0.0760 

.<!   1  0075 

.2160 

"  SKT.n 

.4320 

3.7300 

.0977 

l.2son 

.0108 

.1348 

Total  bents,   F.  and  E $421.00  $2.4025  $32.5773 

FALSEWORK:    BENTS:    STRIPPING. 
Cost  of  stripping  per  M.    B.   ft.   framed.   $4.2470;   cost  of  stripping 
per  cubic  yard,  $0.3207. 


Total. 

Foreman     $     8,00 

Carpenters    8,00 

Laliorers    37.00 

Tools    

Miscellaneous    2.00 


Per  cu.  yd. 
concrete. 
$0.0480  - 
,0467 
.2145 
.0028 
.0087 


Per  M.  B.  ft. 

framed. 

$     .6350 

.6200 

2.S400 

.0360 

.1160 


Total    $55.00  $0.3207 

FALSEWORK:  PILES:  DRIVING. 
Board  feet  driven.  1.280  B.  ft.;  linear  feet  driven.  320  Un. 


$  4.2470 


Total. 

Foreman     $    9.00 

Carpenters     9.00 

Laborers     56.00 

Miscellaneous   12.00 

Tool.x    36.00 

Teams    9.00 

Drivers    9.00 

Total  labor  $141.00 

Lumber    _ 44. OU 

Nails   (drift  pins) 5.0t) 


Per  cu.  yd. 

concrete. 
$0.0543 
,0555 
.3300 
.0690 
.2125 
.0512 
.0512 

$0.8237 
.2580 
.0295 


Per 

M.  B.  ft. 

$     7.2s 

7.43 

44.10 

9.25 

28.40 

6. 84 

6.84 

$110.14 

34.45 

3.95 


Per 
Un.  ft. 
$0.0290 
.0297 
.1765 
.0370 
.1135 
.0274 
.0274 

$0.4405 
.1380 
.0155 


Tot,al  piling  $190.15  $1.1112  $148.54  $0.5940 

TOT.\L  FALSEWORK,  FR.\MING  AND  ERECTING,  STRIPPING 
AND  PILING — 
Total  cost.  $665.66;  cost  per  cu.  yd.  concrete,  $3.8944:  cost  per  M. 
B.  it.  framed  and  driven,  $57. SS;  board  feet  framed  and  driven,  per 
M.  H.  ft.,  11.5:  cost  of  labor  only,  per  M.  B.  ft.,  $29.40;  per  yard, 
$1.9S;  est  of  materials  only,  per  M.  B.  ft.,  $28.48;  per  yard.  $1.9144; 
first  cost  of  lumber  used,  $:;94.99:  per  M.  B.  ft.,  $38.99;  less  credit3 
for  .scrap  recovered.  $91.27;  per  M.  B.  ft..  $8,975;  net  cost  of  lumber. 
$303.72:  per  M.  B.  ft..  $29,925;  number  of  piles  driven.  20;  length,  16 
ft.;  size,  8x8. 

REINFORCING:    BENDING. 
Yardage,   concrete,  171.0  cu.   yd.;   pounds  steel  bent,  30,947  lb. 


Total. 

Foreman    $  21.00 

Laborers    152.00 

Tools    26.00 

Miscellaneous    11.00 

Total $211.00 

REINFORCING:    PLACING 


Per  cu.  yd. 

concrete. 

$0.1235 

.8900 

.1530 

.0642 


Per 
lb. 

$0.00068 
.00492 
.00085 
.00035 


Total. 

Foreman    ' $  27.00 

Laborers    195.00 

Tools    : 19.00 

Miscellaneous     79.00 

Total  labor  $320.00 

Steel    875.00 

Total    placing    Sl.195.00 

Add  cost  of  bending 211.00 

Total  cost  of  reinforcement $1,404.00  $8.2107 

CONCRETING:   TO   MIXER. 
Yardage,   concrete,   171.0  cu.   yd.;   loose  materials,   235.5 
$0.6280. 


$1.2307 

placed.  30,947 
Per  cu.  yd. 
concrete. 
$0.1595 
1.1385 
.1085 
.4630 

$0.00680 

lb. 
Per 
lb. 

$0.00089 
.00630 
.00060 
.00256 

$1.8695 
5.1105 

$0.01035 
.02825 

$6.9800 
1.2307 

$0.03860 
.00680 

$0.04540 


cu.  yd.  at 

Per  cu.  yd. 

concrete. 

$0.1345 

.6820 

.3690 

$0.8675 


Total. 

Foreman    $23.00 

Laborers     117.00 

Tools     63.00 

Total     $203.00 

CONCr.fcTING:  MIXING  OPERATION. 

Foreman     $     6.00 

Laborers    45.00 

Water.  22,900  gal.  at  $1.41  ncr  M 32.00 

Fuel,  6  gal.  oil  at  $0.80 5.00 

SO  gal.   gas  at  $0.188 15.00 

Repairs    62.00 

Miscellaneous    97.00 

Tools     63.00 

Total $326.00  $1.3088 

CONCRETING:  MIXING  MATERIALS. 

Yardage,  concrete.  171.0  cu.  yd.;  number  sacks  cement  to  one  yard 
concrete.  5.14  sacks. 

The  number  of  sacks  to  one  yard  of  concrete  is  more  than  usual. 
This  is  due  to  the  fact  ihat  the  floor  on  the  first  span  was  resurfaced, 
being  improperly  placed   first  running. 

Net  cost  per  sack  cement $0.7775 

Number  s.icks   used 880 

Cu.   yd.  sand  per  yard  concrete 0.4825 

Cost  of  sand  per  yard  sand $2,415 

Cu.  yd.  gravel  per  yard  concrete 0.89,50 

Cost  of  gravel  per  yard  gravel $2,410 

.\verage  gal.  water  per  vard  concrete 134 

Cement,   S80  sacks  at   $0.8730 $769.83 


Less  credit  for  sacks  returned. 


Total. 

Net  cost  of  cement  at  $0.7775 $685.00 

Sand,  82.0  cu.  yd.  at  $2.415 199.00 

Gravel,  153  cu.  yd.  at  $2.41 369.00 

Total     $1,258.00 

CONCRETING:   TO  FORMS. 

Foreman  $  18.00 

Laborers    90.00 

Tools     14.00 


85.29 
Per  cu.  yd. 
concrete. 
$4.00 
1.165 
2.160 


$7,325 

$0.1081 
.5275 
.0808 

Total    $122.00  $0.7164 

-Vverage  length  of  haul,  60  ft.     Cost  per  foot  per  yard,  $0.01194. 
CONCRETING;    PLACING. 

Foreman $  IS.OO  $0.1047 

Laborers   90.00  .5230 

Tools    2.00  .0182 


Total  labor 


$142.00 


$0.8325 


$11.0173 


Total 


$110.00 


$0.5459 
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CONCRETING— MISCELLANEOUS. 

Per  cu.  yd. 
TotaJ.        concrete. 

Finishing:  Cost  of  labor  only $  68.17  $0.3990 

The  surface  was  never  complolely  Itnlshed  with  carborundum 
bricks,  as  was  originally  Intended,  hence  costs  per  square  foot  of 
area  are  not  available. 

Per  cu.  yd. 
Total.        concrete. 

Expansion  joints — Labor  only $  10.00  $0.0615 

Plates    and    rockers 65.00  .3820 

Asphaltum,  40  gal.  at  DO  cts 20.00  .1170 

Tar  paper,  four  rolls 9.00  .0526 

Proportion  miscellaneous  and  offlce 4.00  .0283 

$110.0  $0.6414 
RECAPITULATION:  SUPERSTRUCTURE. 

Per  cu.  yd. 

Total.  concrete. 

Forms $    953.00  $5.5744 

Falsework     666.00  3.8944 

Reinforcement     1,405.00  8.2107 

Concreting    2,137.00  12.5040 

Total    $5,161.00  $30.1835 

The  bridge  was  constructed  by  day  labor  under  the  di- 
rection of  J.  C.  Ryan,  Division  Engineer  of  the  State 
Highway  Department.  Laborers  were  paid  $3  per  8-hour 
day  and  carpenters  $4  per  day.  Teams  and  drivers  were 
hired  for  $5  per  day. 

Gravel  was  secured  from  the  Fairbanks  beds.  A  few 
cars  of  screened  sand  were  bought,  but  most  of  it  was 
run-of-bank  gravel  and  was  creened  on  the  ground.  This 
gravel  shows  a  very  low  voidage  content. 

Although  this  gravel  was  expensive,  the  superior  re- 
sults secured  from  it  on  account  of  its  low  voidage  con- 
tent, and  general  good  qualities  for  mixing,  compensate 


ENGINEERING 
AND     CONTRACTING 

SOME  INTERESTING  EXAMPLES  OF  EUROPEAN 
CONCRETE  BRIDGE  DESIGNS. 

Contributed  by  Albert  M.  \Volf. 

Much  has  been  written  concerning  the  beauty  and 
artistic  appearance  of  European  concrete  bridges  in  the 
effort  to  make  American  engineers  pay  attention  to  the 
esthetic,  as  well  as  the  theoretical  and  economical  features 
of  concrete  bridges.  It  is  gratifying  to  note  that  these 
efforts  are  bearing  fruit,  and  that  few  structures  of  any 
importance  ai^e  now  being  built,  in  the  design  of  which 
the  architectural  treatment  has  \feen  neglected. 

The  following  interesting  examples  of  European  bridge 
designs  are  presented  with  a  view  of  giving  a  pictorial 
substantiation  of  the  contention  that  European  bridges 
are  artistic.  Then  also  some  noteworthy  examples  of  the 
adaptability  of  concrete  to  the  enlarging  and  widening 
of  masonry  bridges  are  giyen. 

The  structure  shown  in  Fig.  1  is  the  Langweis  viaduct 
in  Switzerland  which,  when  rise  as  well  as  span  is  con- 
sidered, has  the  largest  arch  span  in  the  world.  The 
viaduct  is  made  up  of  314  ft.  llVi;  in.  clear  span,  fixed- 
end  arch  over  the  gorge,  and  approaches  made  up  of  con- 
tinuous girder  spans,  some  of  them  over  50  ft.  long.  The 
arch  has  a  rise  of  134  ft.  and  is  made  up  of  two  reinforced 
concrete  ribs  tied  together  by  horizontal  struts,  the  ribs 
supporting  the  framed  bents  of  the  roadway  deck.     This 


Fig.    1 — Langweis   Viaduct.   Switzerland.   Clear   Span,   314   Ft.   Il'/j   Ins. 


for  the  increased  cost.  The  gravel  cost  $1  per  ton  f.  o. 
b.  Douglas,  or  $1.39  per  yard.  The  average  cost  of  un- 
loading and  hauling  to  site  was  54^20  per  yard.  The  cost 
of  the  sand  was  the  same.  The  sand  shows  a  decided 
break  in  graduations  from  fine  to  coarse,  and  the  coarse 
grains  are  sharp  and  angular. 

The  center  line  was  established  by  iron  bolts  set  in 
concrete  plugs,  and  a  main  base  line  was  run  at  right 
angles  to  the  center  line,  with  a  line  of  targets  on  the 
west  bank.  The  main  base  was  run  on  the  east  bank, 
and  a  sub-base  was  also  run  on  the  west  bank.  The  cen- 
ters of  piers  and  columns  were  established  by  triangulat- 
ing for  a  three-point  intersection.  The  error  was  about 
V2  in. 

Cement  used  was  the  "El  Toro"  brand,  shipped  from 
El  Paso  in  carload  lots.  Water  was  secured  from  the  pipe 
line  of  the  local  water  company,  distant  about  600  ft. 
from  the  site. 

The  bridge  was  designed  by  the  State  Engineer's  office, 
which  also  prepared  the  plans  for  the  falsework  and  forms, 
and  ordered  all  lumber  and  steel  and  cement  prior  to  be- 
ginning construction.  The  amount  of  lumber  ordered 
proved  inadequate  and  extensive  purchases  were  made  in 
the  local  market.  The  final  elevation  of  the  roadway  was 
changed  from  Elev.  76  to  Elev.  77,  to  allow  for  increased 
waterway. 


structure  in  spite  of  its  great  size  possesses  an  appear- 
ance of  lightness  and  grace  which  is  commendable.  Its 
unusual  height  and  the  light  construction  used  in  the  su- 
perstructure being  responsible  therefor.  Situated  in  a 
rugged  and  very  mountainous  country,  an  ornamental 
structure  would  have  been  out  of  place  and  consequently, 
the  architectural  treatment  is  very  simple  with  plain 
yet  graceful  lines  being  used  to  bring  out  the  artistic 
beauty  of  the  bridge. 

Figures  2  and  3  give  views  of  the  main  and  approach 
spans  of  a  highway  arch  bridge  of  rib  construction  built 
over  the  River  Moselle  near  Noveant  in  1907-8.  This 
structure  is  an  excellent  example  of  the  combination  of 
lightness,  graceful  lines  and  artistic  treatment  of  Euro- 
pean arch  bridges.  The  main  arch  spans  are  154  ft.,  131 
ft.  and  108  ft.  long,  while  the  approach  spans  are  about 
47  ft.,  42  ft.  and  39  ft.  long.  Each  span  is  made  up  of 
four  fixed  end  arch  ribs  of  rectangular  section,  those 
in  the  three  main  spans  being  joined  together  by  a  con- 
tinuous arched  slab,  framing  into  the  bottom  portion  of 
ribs  at  the  springing  line  and  gradually  rising,  thus  pro- 
viding T-beam  ribs  to  resist  the  bending  moments  induced 
in  the  arches  and  also  stiffening  the  structure  laterally. 

Continuous  girder  spans  are  used  quite  often  in  Eu- 
rope for  highway  bridges  of  span  lengths  which  would  not 
be   considered   economical   in   American   practice.      The 
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Examples  of  European  Concrete  Bridge  Designs. 


methods  of  design,  however,  take  advantage  of  the  con- 
tinuous action  developed  in  a  number  of  spans  and  as  a 
result  girder  spans  of  over  50-ft.  are  not  uncommon.         ' 

In  Fig.  4  is  shown  a  single  span  highway  bridge  over 
the  Moselle  River  at  Moulin-Metz  built  in  1905,  which 
consists  of  four  fixed-end  girders  of  68  ft.  10  in.  span, 
the  under  sides  of  girders  being  curved  to  give  the  bridge 
the  appearance  of  an  arch. 

A  2-span  continuous  girder  bridge  supported  on  con- 
crete piles  is  pictured  in  Fig.  5.  This  bridge  is  located 
at  Ratsamhausen.  In  this  particular  structure,  making 
a  fairly  low  crossing  of  the  stream,  the  girders  were  not 
arched  but  made  straight  with  heavy  fillets  at  the  center 
pier  and  abutments. 

The  structure  shown  in  Fig.  6  is  located  at  Kreis- 
Schlettstadt,  Germany.  It  is  made  up  of  four  continuous 
girder  spans,  the  girders  having  variable  moments  of 
inertia,  being  rigidly  framed  to  elastic  piers  resting  on 
concrete  piles.  The  graceful  curves  given  the  under- 
side of  girders,  together  with  the  light  piers,  give  the 


structure  the  appearance  of  a  series  of  flat  arch  spans 
of  extreme  lightness. 

In  Fig.  7  another  continuous  girder  bridge  in  August- 
Wghlan  is  illustrated.  This  structure  with  two  spans  of 
41  ft.  8  in.  and  two  51  ft.  8  in.  is  carried  on  massive 
piers  and  abutments  and  partakes  very  much  of  the  ap- 
pearance of  an  earth  fill  spandrel  arch  bridge.  The 
girders  were  designed  as  truly  continuous  over  the  piers 
and  have  a  variable  moment  of  inertia  due  to  the  curving 
of  the  bottom  of  girders. 

Some  very  novel  methods  of  widening  existing  masonry 
arches  in  the  City  of  Strassburg  in  Alsace  to  meet  new 
conditions  are  shown  in  Figs.  8  and  9.  The  former 
shows  a  2-span  stone  masonry  arch  bridge  increased  in 
width  by  adding  a  narrow  single  span  concrete  arch  on 
each  side  of  the  existing  bridge.  The  other  view  is  of 
the  addition  made  to  the  White  Tower  bridge,  a  stone 
arch  structure  in  1903.  The  new  work  having  a  com- 
bined length  of  410  ft.,  consists  of  a  slab  deck  carried 
on  transverse  beams  resting  on  the  old  structure  at  one 
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end  and  framing  into  continuous  fascia  girders  with  va- 
riable moments  of  inertia.  The  reinforced  concrete  col- 
umns to  which  the  girders  are  framed  are  carried  on 
concrete  pile  foundations. 

The  writer  is  indebted  to  Ed.  Zublin  &  Co.,  Engineers 
and  Contractors  of  Strassburg,  Alsace,  for  the  photo- 
graphs and  data  used  in  making  up  this  article. 


CONSTRUCTION    FEATURES,    PLANT    LAYOUT, 

METHODS   AND   COSTS  OF  CONSTRUCTING 

A  REINFORCED  CONCRETE  WAREHOUSE 

AT  LOS  ANGELES  HARBOR, 

CALIFORNIA. 

Contributefl  In-  W.  T).  .Tones. 

After  deciding  upon  the  class  and  size  of  structure  de- 
sired for  a  warehouse.  The  Harbor  Commission  of  Los 
Angeles  purchased  all  materials  to  be  used  in  its  con- 
struction and  advertised  for  bids  for  the  performance 
of  the  work.  The  structure  decided  upon  is  152  ft.  wide 
and  484  ft.  long  and  located  in  the  rear  of  a  transit  shed 
100  ft.  wide  on  the  water  front  at  the  harbor.  Between 
the  transit  shed  and  the  warehouse  are  located  three  load- 


view    of    Completed    Building,     Center   Opening    in    End    Is   for    Road- 
way   to    Elevators;    Outside    Openings    for    Tracks. 

ing  tracks  that  serve  the  shed  and  a  wide  paved  street 
both  affording  the  best  connection  possible  with  the  heart 
of  the  city. 

As  constructed,  the  warehouse  has  six  stories  and  base- 
ment, the  latter  being  7  ft.  9  in.  high,  first  story  is  14  ft. 
6  in.  high  and  upper  stories  10  ft.  high,  all  measurements 
being  from  floor  surfaces.  Provision  is  made  for  two 
railroad  tracks  in  center  of  building  between  which  is  a 
loading   platform  27  ft.   wide.     The   elevations   of  these 
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General    View   Showing    Plan   Arrangement;    Basement   Column    Rein- 
forcement   In    Place. 

tracks  is  such  that  floors  of  cars  are  level  with  the  first 
floor  of  the  warehouse,  this  being  the  level  of  the  load- 
ing platform.  In  order  to  provide  rooms  in  the  first 
floor  and  basement  two  longitud^inal  walls  are  provided 
parallel  to  tracks  between  the  basement  and  second  floor 
slabs,  these  being  6  in.  thick  in  the  basement  story  and 
8  in.  thick  in  the  first  story. 

All  outside  walls  are  8  in.  thick  in  the  basement  and 
first  stories  and  6  in.  thick  in  the  upper  stories.     Seven 
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partition  walls  6  in.  thick  extend  from  basement  to  roof 
transversely  with  the  building  dividing  it  into  8  sections 
in  the  upper  stories  each  approximately  60  ft.  wide  by 
152  ft.  long  and  into  16  sections  approximately  42  ft.  x  60 
60  ft.  in  the  first  and  basement  stories.  Four  elevators 
are  provided,  each  taking  on  or  discharging  material  at 
the  platform  between  the  tracks  and  delivering  to  or  tak- 
ing from  either  of  two  sections  or  the  upper  floors  be- 
tween which  it  is  constructed.  Four  flights  of  stairs  on 
the  outside  of  each  side  of  building  each  also  gives  access 
to  two  sections.  Each  side  of  each  section  is  provided 
with  doors  through  which  material  may  pass  to  or  from 
outside  hoists. 
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Relation    of    IVIixers    to    Building    and    IVIaterial    Storage. 

Columns  are  octagonal  in  shape,  44  in.  between  parallel 
sides  in  basement  and  20  in.  in  sixth  story.  Column  caps 
and  drop  panels,  which  together  flare  from  the  size  of  the 
column  into  the  floor  slab,  being  10  ft.  9  in.  square  at 
intersection  with  floor  slab,  were  made  uniform  in  first 
to  fifth  stories  inclusive  in  order  to  simplify  this  feature 
of  the  form  work,  the  basement  and  sixth  story  being 
the  only  ones   where  special  construction  was  required. 

The  basement  floor  slab  is  5  in.  thick  and  lays  directly 
on  the  ground,  first  floor  slab  is  10  in.  thick  and  other 
slabs  9  in.  thick  except  between  outside  walls  and  first 


Ground   Storage    Pits.    Mixer   Bins   and   Crane  for   Loading    Bins. 

row  of  columns  where  they  were  made  10  in.  thick.  The 
roof  slab  is  6  in.  thick  in  center  and  7  in.  thick  next  to 
walls.  Floors  ^ere  designed  for  a  safe  load  of  400  lbs. 
per  sq.  ft.  Columns  are  spaced  20  centers  in  a  longi- 
tudinal and  21  ft.  2  in.  in  a  transverse  direction. 

The  specifications  required  the  contractor  to  furnish 
and  erect  forms,  pour  concrete,  place  reinforcing  and 
structural  steel,  finish  floors,  do  the  necessary  excavating 
to  saw  oS.  foundation  piles  which  had  previously  been 
driven  by  the  city,  pour  the  concrete  around  these  and 
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backfill  with  a  sand  and  shell  material  obtained  nearby. 
All  materials  were  furnished  by  the  city  F.  0.  B.  cars 
at  building  site,  and  contractor  was  required  to  unload, 
sort  and  shelter  these  in  a  building  provided  by  the  city 
and  be  i-esponsible  for  their  incorporation  in  the  struc- 
ture in  good  condition. 

This  contract  did  not  include  sprinkler  or  electric  sys- 
tems, elevators,  hoists,  doors,  windows,  etc.,  which  were 
put  in  under  separate  contracts. 


Rear  Face  of  Loading  Bins- 
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Cross  Section   of  Storage   Bins   Showing   Relation   to   Cement   Shed   and 

Hoppers. 

In  the  call  for  bids  the  approximate  quantities  were 
given  as  follows.  Opposite  each  of  these  appro.ximate 
quantities  is  set  the  unit  price  bid  for  the  performance 
of  this  work. 

27.0(0   cii.   yds.   of  concrete  in   place    %       3.2n  cu.  yd. 

1,2»0  to:is  of  reinforcing  steel  in  place    12.05  tn. 

7r.   ton.s  of  structural  steel   in   place    11.20  tn. 

475.000   SCI.    ft.    tioor   finish    0.01%   sq.   ft. 

Excavating-,    grading   and   cleaning   up    4,098.00  lump  sum 

Concrete. 

The  materials  used  for  concrete  Portland  cement,  sand 
and  gravel,  the  latter  from  I4  in.  to  1  in.  in  size,  in  order 
to  work  readily  through  the  reinforcement,  etc.  The  most 
of  the  concrete  was  of  a  1:2:4:  mi.xture,  though  some 
columns  in  the  lower  floors  were  of  a  richer  mixture  in 
order  to  reduce  the  size. 

For  the  concrete  pouring  two  Insley  steel  towers  160 
ft.  high  were  placed  on  one  side  of  the  building  as  shown 
in  the  sketch,  and  v.ere  provided  with  hoisting  buckets 
of  24  cu.  ft.  capacity  water  measure.  These  were  hoisted 
by  50  h.  p.  Crocker-Wheeler  motor  driven  hoists  with  a 
line  speed  of  150  ft.  per  minute  when  pouring  the  lower 
floors,  but  when  upper  floors  were  reached  it  was  found 
expedient  to  increase  the  speed  of  the  hoisting  buckets 
in  order  that  the  mixer  not  be  forced  to  wait  on  the  hoist. 
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Each  tower  was  equipped  with  a  Bremer  mixer  having 
a  capacity  of  32  cu.  ft.  of  loose  material,  a  hoisting 
bucket  of  22  cu.  ft.  capacity  and  a  50-ft.  boom  support- 
ing 100  ft.  of  gravity  spout.  One  extra  piece  of  spout 
50  ft.  long  and  one  about  20  ft.  long  were  also  provided 
and  used  at  each  plant  when  that  plant  was  working. 

On  either  side  of  each  mixer  was  placed  a  rock  bin 
and  a  sand  bin  each  holding  about  4  carloads  of  ma- 
terial  and  dumping   directly   by   gravity   into   measuring 


Method    of    Placing    Vertical    Reds    in    Column    Spirals:    Man    on    Top 
Lowering    Rods   into   Spiral   and   Man   on    Bottom   Tying. 

bins  which  in  turn  dumped  by  gravity  into  mixer  charg- 
ing hopper.  Directly  over  the  charging  hopper  and  be- 
tween the  sand  and  gravel  bins  was  placed  a  cement  bin. 
Into  this  the  cement  was  dumped  from  sacks  and  passed 
by  gravity  through  measuring  bins   as  in   case  of  sand 


Gravity    Chutes    and     Boom    for    Swinging    50-ft.    Section     at    End    of 
Counter   Weighted    Chute. 

This  was  accomplished  by  rigging  hoisting  lines  in  such 
a  manner  as  to  connect  directly  to  hoisting  bucket  with 
a  single  line  instead  of  passing  the  line  through  a 
pulley  on  a  bucket  and  fastening  the  end  in  the  top  of 
the  tower.  This  worked  a  hardship  on  the  hoist,  espe- 
cially the  friction  blocks,  but  these  were  watched  close- 
ly and  renewed  often  and  no  serious  consequences  were 
encountered. 
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ly   Over   Coiumns. 


and  gravel,  to  the  mixer.  This  method  of  handling  the 
cement  was  not  found  to  be  as  cheap  as  the  old  method 
of  loading  the  mixer  by  cheap  labor  and  was  consequent-; 
ly  later  abandoned.  There  is  no  reason,  however,  that  it 
should  not  have  been  successful  had  it  been  prO^jerly 
operated. 

The  sand  and  gravel  bins,  as  well  as  the  cement  bin, 
when  it  was  used,  were  loaded  with  an  industrial  travel- 
ing crane  equipped  with  a  l^'i-cu.  yd.  bucket.     This  crane 
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came  equipped  with  a  40-ft.  boom,  but  on  account  of  the 
required  height  of  the  bins,  it  was  necessary  to  lengthen 
it  to  a  50-ft.  boom,  in  order  to  dump  into  these.  Gravel 
and  sand  for  the  concrete  were  received  in  bottom  dump 
cars  and  dumped  from  a  raised  track  to  the  storage  pit 
on  ground.  From  this  pit  the  crane  took  them  and  loaded 
to  sand  and  gravel  bin  as  stated  above.  When  possible, 
the  crane  took  material  directly  from  cars  and  loaded 
to  bins,  but  as  a  rule  this  was  not  found  satisfactory,  as 
the  greater  part  of  material  that  could  be  reached  by 
the  crane  would  dump  from  the  cars  without  shoveling 
and  the  process  of  taking  material  from  the  ground  was 
much  easier  than  from  cars. 


Grove'  Bin  , 


Loading    Bins    .ind    Their    Relation    to    Mixer. 

In  order  to  prevent  bucket  taking  up  dirt  with  the  sand 
and  gravel  the  pits  pn  the  ground  were  planked  over. 
This  not  only  gave  insurance  of  clean  materials,  but  was 
a  considerable  help  in  loading  the  bucket.  Cement  was 
received  in  box  cars  and  carried  by  cheap  labor  to  the 
storehouses  shown  on  the  plan  and  was  tranferred  to 
cement  bin  by  traveling  crane  or  directly  to  mixer  hopper 
by  cheap  labor,  as  the  case  might  be.  Whenever  it  was 
possible,  and  this  was  a  considerable  part  of  the  time, 
the  cement  was  transferred  directly  from  cars  to  the 
mixer  hopper  by  cheap  labor.  By  this  method  only  that 
portion   of  a  car  not  used  when  car  was  to  go  on   "de- 
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to  the  building,  while  the  lighter  spirals  were  taken  to 
the  floor  of  building  and  then  assembled.  When  a  consid- 
erable number  of  rods  were  to  be  placed  in  a  spiral  it  was 
set  in  place  with  only  a  sufficient  number  of  rods  to  hold 
it  rigid  during  handling  and  the  balance  of  rods  lowered 
from  a  movable  platform  and  tied  in  place  from  the  out- 
side. Wall  steel  was  placed  after  one  wall  form  was  up, 
in  the  usual  manner,  and  tied  to  this  form. 
Structural  Steel. 

Structural  steel  consisted  of  all  metal  sash,  windows, 
door  jambs,  column  guards  doors,  etc.,  and  was  furnished 
in  pieces  easily  handled.  The  work  done  under  this  head- 
ing was  to  unload,  place  and  bolt  together  the  members 
and  brace  or  build  into  forms. 

Floor  Finish. 

The  floor  finish  consisted  of  equal  parts  of  cement, 
sand  and  fine  crushed  rock  taken  from  the  ledge  and  was 
put  on  the  base  before  this  was  thoroughly  set.  This 
necessitated  several  changes  of  system  at  the  mixer  dur- 
ing the  day  but  by  a  systematic  arrangement  of  the  nec- 
essary materials  the  changes  were  made  with  hardly  a 
perceptible  interruption  and  the  system  of  pouring  top 
and  base  practically  as  one  monolithic  mass  worked  out 
as  cheaply,  if  not  cheaper,  than  the  system  of  pouring 
for  a  day  or  for  a  day  and  a  half  and  then  topping  this  out. 

A  fair  day's  work  with  the  above  concrete  plant  on 
slabs  was  about  300  cu.  yd.  and  on  walls  and  columns  was 
about  200  yd.  This  varied  of  course  a  great  deal  with  con- 
ditions. In  pouring  walls  and  columns  it  was  found  ex- 
pedient to  run  concrete  with  gravity  plant  to  a  hopper 
centrally  located  with  reference  to  the  day's  work  and 
distribute  from  this  with  carts.  On  slab  pouring,  how- 
ever, the  gravity  chute  was  used  to  pour  the  concrete 
directly  into  place  and  very  good  results  obtained.  The 
gravity  system  was  also,  used  to  spout  the  floor  finish 
to  place. 

Costs. 

The  actual  pouring  costs  observed  on  several  different 
occasions  including  labor  only  and  taking  materials  from 
bins  by  gravity,  measuring,  mixing  and  placing  were  as 
follows : 

On    slab    30  ct.  per  cu.  ytl. 

On    walls    39  ct.  per  cu.  yd. 

Scale  of  wages  was  as  follows: 

Foremen,  $6;  sub  foreman,.  $4;  steel  men,  $2.25;  steel 
men,  $3;  carpenters,  $3;  laborers,  $2.25;  laborers,  $2. 

Mr.  S.  A.  Jubb  was  engineer  in  charge  of  design  and 
general  supervision  of  the  work. 

Mr.  W.  D.  Jones  was  engineer  in  charge  of  construc- 
tion. 


Relative   Positions  of   Bins,   Tower  and   Mixers. 

murrage"  was  placed  in  the  store  rooms.    This,  of  course, 
saved  one  handling  charge. 

Reinforcing  Steel. 

The  reinforcing  steel  was  received  on  cars  and  un- 
loaded into  storage  shed  furnished  by  the  city.  Col- 
lapsed spirals,  which  were  used  for  column  bands  were 
furnished  by  the  American  Wire  Fence  Co.  Clinton  elec- 
trically welded  fabric  was  used  for  slab  reinforcing  and 
was  made  up  of  M3  and  M4  wires,  with  M8  wire  spacers. 
Round  rods  were  used  for  column  and  wall  reinforce- 
ment and  square  twisted  rods  in  panels  over  columns. 

The  collapsed  spirals  of  larger  size  were  opened  up 
and    vertical    rods   placed   and   tied   before    being   taken 


A  NEW  TYPE  OF  ROOF  CONSTRUCTION. 

As  a  sequel  to  numerous  tests  made  at  the  University  of 
Illinois  by  Prof.  Willis  A.-  Slater,  the  United  States  Gyp- 
sum Co.  has  launched  the  first  roof  composed  of  gypsum 
slabs  10  ft.  long,  having  a  clear  span  of  9  ft.  8  in.  This 
construction  has  just  been  used  on  a  steel  frame  building 
(approximately  190  ft.  x  200  ft.  in  plan),  for  the  Walker 
Mfg.  Co.  at  Racine,  Wis. 

The  roof  slabs  consist  of  reinforced  gypsum  beams  of 
T-section,  15  in.  wide  and  8  in.  deep,  with  a  thickness  of 
11,4  in.  for  the  slab  and  21/4  in.  for  the  rib,  while  the 
ends  are  closed  by  diaphrams  2  in.  thick. 

Each  beam  has  two  %-in.-  rods  in  the  bottom  of  the 
rib,  one  of  these  being  bent  up  at  the  ends  as  a  shear  rod 
and  looped  to  increase  the  value  of  bond  stress;  in  the 
slab  is  embedded  a  steel  wire  mat  of  No.  14  gage  and  4- 
in.  mesh. 

These  beams  were  made  at  the  site  in  wood  forms  at 
the  rate  of  about  300  sq.  ft.  per  hour  and  only  required 
15  minutes  to  set  (from  the  time  the  mould  was  poured) 
until  the  forms  were  knocked  down.  The  beams  were 
erected  in  place  and  walked  upon  within  three  hours  after 
being  poured,  and  were  designed  (upon  the  same  princi- 
ples as  reinforced  concrete)  to  carry  a  uniformly  dis- 
tributed live-load  of  50  lb.  per  square  foot  with  a  safety 
factor  of  4.     Tests  of  five   sample   beams  24  hours  old 
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Gypsum    Slab    Roof   Construction    for    190-ft.    X    200. ft.    Steel    Frame 
Building    at   Racine,  Wis. 

were  made  with  loads  of  2,200  and  2,400  lb.  or  200  to 
218  lb.  per  square  foot  with  respective  deflections  of 
0.034  and  0.070  in.  The  total  loads  were  then  increased 
to  3,500  lb.,  causing  slight  horizontal  shear  cracks  to  ap- 
pear, but  without  other  signs  of  failure. 

In  the  roof  construction  these  slabs  or  beams  are  car- 
ried by  light  steel  trusses  for  the  saw  tooth  portions  and 
by  steel  purlins,  etc.,  for  the  flat  portions,  all  of  the  sup- 
porting steel  being  spaced  10  ft.  c.  to  c.  In  general  the 
flat  roof  portion  has  a  pitch  of  II2  in.  in  12  in.,  while  the 
saw  tooth  construction  pitches  about  7^2  in.  in  12  in. 
The  architect  for  the  building  was  Mr.  P.  L.  Battey,  Chief 
Engineer  of  B.  J.  Arnold  Co.,  Consulting  Engineers,  Chi- 
cago. The  Arnold  Construction  Co.,  also  of  Chicago,  was 
the  contractor. 

The  weight  of  these  T-beam  slabs  is  about  16  to  17 
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lb.  per  square  foot.  When  a  flat  ceiling  effect  is  desired, 
instead  of  a  ribbed  or  beam  ceiling,  these  slabs  may  be 
of  I  section,  with  the  top  and  bottom  flanges  similar. 
These  shapes  weigh  from  22  to  24  lb.  per  square  foot  for 
the  same  live  load.  A  roof  construction  of  this  charac- 
ter is  now  being  erected,  the  beams  weighing  22  lb.  per 
square  foot. 

For  spans  approximately  4  to  6  ft.  the  United  States 
Gypsum  Co.  supplies  factory-made  gypsum  slabs  of  biscuit 
pattern,  weighing  from  13  to  14  lb.  per  square  ft.  and  re- 
inforced in  the  ribs,  which  are  41/2  in.  in  depth  and  1  ft. 
6  in.  wide,  viz.,  6  to  9  sq.  ft. 

At  the  present  time  there  are  over  20  installations  of 
this  character  being  erected,  one  alone  covering  a  roof 
area  of  more  than  200,000  sq.  ft. 

The  claims  held  out  by  the  manufacturers  for  this  new 
type  of  roof  construction  are:  Light  weight;  rapid  erec- 
tion not  dependent  upon  weather  conditions  or  frost; 
economy  in  the  required  quantity  of  steel;  elimination  of 
sweating  or  condensation  troubles;  the  reflection  of  light 
from  the  white  under  side;  artistic  ceiling  effects,  either 
ribbed  or  smooth;  low  heat  transmission,  or  loss,  through 
the  roof  (conductivity). 


CHANGES    IN    GENERAL    SPECIFICATIONS   FOR 

BRIDGE  WORK  OF  ILLNOIS  STATE 

HIGHWAY  DEPARTMENT. 

The  Illinois  State  Highway  Department  has  issued  re- 
cently a  new  edition  of  its  general  specifications  for  all 
bridge  work  carried  out  under  the  supervision  of  the  de- 
partment. These  specifications  (edition  of  October,  1916) 
will  be  used  in  all  bridge  work  contracted  after  Jan.  1, 
1917,  e.xcept  such  work  as  was  advertised  previously  to 
Dec.  1,  1916.  The  new  specifications  contain  a  number  of 
important  changes,  among  them  being  the  following: 

ROADWAYS. 

69.  In   general,    clear  widths   of  roadways   for  bridges 

shall  be  provided  as  follows  .■■ 

70.  On    Designated    State    Aid    Routes.      Bridges    up    to 

and    including    Ki    ft.    in    length    (not   less   than    a 

proper  shoulder  to  shoulder  width   of  the  road). 20  to  30  ft. 

71.  Bridges  over  10  ft.  and  up  to  and  including  60  ft. 

in  length    18  to  21  ft. 

72.  Bridges  over  60  ft.    in  length 16  to  20  ft. 

73.  Length  is  understood  to  mean  the  distance  face  to  face  of 
abutments. 

74.  Xo  bridge  shall,  however,  when  located  on  a  designated  state 
aid  route  within  25  miles  of  any  city  ha%ing  a  population  of  over 
200.000  and  on  a  direct  route  to  such  city,  have  a  clear  roadway  of 
less  than  20  ft.,  or  less  than  IS  ft.  when  located  within  3  miles  of  a 
city  having  a  population  between  10.000  and  200.000. 

75.  On  Principally  Traveled  Roads.  On  principally  traveled  roads, 
other  than  designated  state  aid  routes: 

76.  Bridges  and  culverts  of  10  ft.  or  less  in  length 20  to  30  ft. 

77.  Bridges  over  10  ft.   and  up   to  and  including  60  ft. 

in  length   16  to  20  ft. 

78.  Bridges  over  60  ft.  in  length 16  to  IS  ft. 

79.  No  such  bridge  or  culvert  shall,  however,  when  located  within 
three  miles  by  direct  route  of  any  city  or  village  having  a  population 
of  10,000  or  over,  have  a  clear  width  roadway  of  less  than  IS  ft.  for 
bridges  having  a  length  of  from  10  to  60  ft. 

SO.     On   Secondary   Roads,     On  lesser  traveled  or  secondary  roads: 

81.     Bridges  or  culverts  of  10  ft.  or  less  in  length 18  to  24  ft. 

82.     Bridges  over  10  ft.  in  length 16  ft 

83.  Culverts  Under  Fills.  When  culverts  are  built  under  fills,  the 
length  of  the  barrel  or  the  culvert  shall  be  such  as  to  permit  of  side 
slopes  of  1<4  horizontal  to  one  vertical,  and  in  addition,  a  proper  top 
width  of  fill  as  follows: 

84.  On  designated  state  aid  routes 20  to    30  ft. 

85.  On   principally   traveled   roads , 20  to  30  ft. 

86.  On  secondary  roads  18  to  24  ft. 

S7.  It  is  understood  that  in  case  proper  provisions  for  traffic  de- 
mand, wider  roadways  may  be  required. 

STONTi;. 

157.  Stone  used  for  concrete  work  shall  consist  of  crushed  rock 
or  gravel  stones  screened  to  the  sizes  herein  specified,  shall  consist 
of  clean,  sound,  hard  and  durable  material  and  shall  have  a  reason- 
ably uniform  gradation  between  the  maximum  and  minimum  sizes 
hereinafter  provided. 

Xo  weathered  or  disintegrated  material  shall  be  used. 

REIXFORCIXG  STEEL,.  / 

195.  Type  of  Reinforcing  Steel.  Unless  otherwise  shown  on  the 
drawings,  all  steel  for  reinforcement  in  concrete  shall  consist  of  plain 
square  section  bars  or  deformed  bars  of  a  type  to  be  approved  by  the 
engineer.  Round  bars  may  be  used  in  place  of  the  square  bars  shown 
on  the  plans  providing  an  equivalent  area  of  steel  is  used  and  on 
condition   that   any   such   substitution   be   plainly  shown   on  a   set   of 
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plans  and  the  same  be  submitted  to  the  engineer  for  ai)i)roval  before 
the   steel    is    ordered. 

198.  Material.  Unless  otherwise  specifled,  all  steel  for  reinforced 
concrete  shall  be  mild  or  medium  steel  with  an  elastic  limit  of  not 
less  than  32.000  lb.  per  s(iuare  inch.  Steel  bars  shall  stand  bending 
cold  within  a  radius  equal  to  twice  their  diameter  through  180  degrees 
without  fracture  and  shall  have  a  minimum  elong:atlon  of  22. per  cent 
In   8    in. 

EXrAXSIOX  DEVICES. 
204.  Rockers.  The  rockers  shall  be  made  of  cast  iron  of  the  kind 
and  quality  specified  in  section  309.  The.v  shall  have  a  thickness  of 
not  less  than  2'4  In.  for  spans  of  43  ft.  or  less  and  a  thickness  of  not 
less  than  3  In.  for  spans  exceeding  4ri  ft.  in  length,  but  in  no  case 
shall  the  unit  compressive  stress  exceed  O.OOO-401/r  lb.  per  sq.  in.  All 
rockers  shall  have  bearing  surfaces  turned  to  a  uniform  radius  and 
smooth  surface  and  shall  be  provided  with  two  2-in.  holes  through  the 
web  to  facilitate  handling. 

STEEL  Br.IDGES. 

223.  Minimum  Sizes.  The  minimum  thickness  of  metal  shall  be 
5-16  in.  except  for  fillers.  Gusset  plates  shall  be  not  less  than  %  in. 
thick.  The  webs  of  beams  and  channels  shall  be  not  less  than  M 
in.  thick. 

227.  Lower  Laterals.  No  permanent  lateral  bracing  need  be  pro- 
vided in  the  plane  of  the  loaded  chord,  provided  a  solid  concrete  floor, 
reinforced  in  both  directions,  is  immediately  to  be  placed  on  the 
structure.  In  this  case,  however,  a  temporary  lateral  system  con- 
sisting of  adjustable  rods  must  be  used  to  hold  the  chords  in  line 
while  the  floor  is  beinc  placed.  After  the  floor  is  completed,  such  tem- 
porary lateral  must  be  removed.  When  permanent  lower  laterals  are 
used  they  shall  he  bolted  to  the  stringers  at  each  intersection. 

257.  Pitch  of  Rivets.  The  minimum  distance  between  centers  of 
rivet  holes  shall  not  be  less  than  three  diameters  of  the  rivet;  but  the 
distance  shall  preferably  be  not  less  than  3  in.  for  %-in.  rivets.  2M: 
in.  for  sj-in.  rivets,  and  2H  in.  for  %-in.  rivets.  The  maximum  pitch 
in  the  line  of  stress  for  members  composed  of  plates  and  shapes 
shall  be  not  more  than  6  in.  for  %-in.  rivets.  5  in.  for  ^4 -in.  rivets, 
41^  in.  for  %-in.  rivets,  nor  more  than  16  times  the  thickness  of  the 
thinnest  outside  plate.  For  angles  witIT  two  gauge  lines  and  rivets 
staggered,  the  maximum  shall  be  twice  the  above  in  each  line. 
Where  two  or  more  plates  are  used  in  contact,  rivets  not  more  than 
12  in.  apart  in  either  direction  shall  be  used  to  hold  the  plates  well 
together.  In  tension  members  composed  of  two  angles  in  contact,  a 
pitch  of  12  in.  will  be  allowed  for  riveting  the  angles  together. 

261.     Pitch   at   Ends.     The   pitch   of  rivets  at   the   ends  each  way 
from  intermediate  panel  points  of  built  up  compression  members  shall 
not    exceed    four    diameters    of    the    rivet,    for    a   length    equal    to    1% 
times  the   maximum  width   of  the  member. 
AVORKIIAXSHIP. 

31S.  Sub- Punching  and  Reaming.  Where  reaming  is  required,  the 
diameter  of  the  punch  used  shall  be  at  least  3/16  in.  smaller  than  the 
nominal  diameter  of  the  rivet.  Holes  .shall  then  be  reamed  to  a 
diameter  of  not  more  than  1/16  in.  larger  than  the  nominal  diameter  of 
the  rivet.  All  reaming  shall  be  done  with  twist  drills  in  such  a 
manner  that  the  entire  circumferences  of  the  holes  match  perfectly. 

328.  Rivets.  Shop  rivets  shall  be  driven  by  pressure  tools  wher- 
ever possible.  Field  rivets  shall  be  driven  by  pneumatic  tools.  Hand 
driving  will  not  be  allowed. 

PAtXTING. 

353.  Quantity  of  Pigment.  The  mixed  paint  sh.all  contain  not  less 
than   50   nor  more   than   54   per  cent   of  pigment  by  weight. 

354.  Should  the  paint  be  in  paste  form,  enough  paste  shall  be 
added  to  boiled  Unseed  oil  to  give  not  less  than  50  nor  more  than  54 
per  cent  of  pig:iient  by  weight  of  the  mixed  paint. 

357.  The  remaining  vehicle  will  then  be  extracted  four  times 
with  86  degrees  naphtha,  and  the  pigment  washed  once  with  benzol 
and  twice  with  ether.  When  the  vehicle  cannot  be  drawn  off,  the 
sample  will  be  extracted  by  centrifuging  the  paint,  and  after  the 
vehicle  is  removed,  wa.shing  the  pigment  with  naphtha,  benzol  and 
ether.  One  hundred  minus  the  per  cent  of  pigment  found  will  be 
considered   as   the   per   cent   of  vehicle. 

355.  Linseed  Oil.  When  furnished  in  paste  or  dry  form  the  pig- 
men*  shall  be  mixed  with  pure  boiled  linseed  oil.  This  oil  as  well 
as  the  vehicle  obtained  from  mixed  paint  w'ill  be  subjected  to  stand- 
ard tests  for  the  purity  of  the  boiled  linseed  oil.  It  shall  contain  no 
mineral  oils,  benzine,  rosin,  rosin  oil,  maize  or  corn  oil,  fish  oil,  cot- 
tonseed oil,  rape  oil.  soya  bean  oil.  or  saponified  or  unsaponified  oil 
other  than  linseed  oil.  A  small  amount  of  turpentine  may  be  added 
as  a  drier  only  on  the  approval  of  the  engineer.  The  film  obtained 
after  flowing  the  oil  over  ijlass  and  allowing  it  to  drain  in  a  vertical 
position  must 'be  drj-  to  the  touch  after  24  hours  at  25°   C. 

CREOSOTED    TIMBER    FLOORS. 
373.     Impregnation.     All   dimtrsion   lumber   shall   be   impregnated 
v.ith   at  least  10  lb.  and  paving  blocks  with  16  lb.  of  creosote  oil  per 
cubic  foot  of  material.    The  oil  shall  be  of  the  kind  and  quality  herein 
.specified  for  dimension  timber  and  paving  blocks. 

CREOSOTED  BLOCK  FLOORS. 

423.  Lag  Screws.  Holes  for  lag  screws  .shall  be  bored  slightly 
smaller  in  diameter  than  the  shank  of  the  lag  screws  and  have  a 
depth  of  H4  in.  less  than  the  length  of  the  screw  below  the  head. 
The  holes  shall  be  bored  with  a  slight  inclination  from  the  center  of 
the  plank. 

PILING. 

463.  Loading.  When  used,  piles  shall  be  considered  as  carrying 
the  entire  load.  They  shall  ordinarily  be  spaced  not  less  than  3  ft. 
nor  more  than  5  ft.  center  to  center. 

465.  The  maximum  load  carried  by  any  pile  of  the  minimum 
d'm.  nsions  stated   in  section   461   (at  least  S  in.   at  small  end  and  10 


In.   at   butt)    shall   not   exceed   10   tone,   nor   shall   the   maximum   load 
carried  by  any  pile  exceed  15  tons. 

BRICK    HAND  RAIL. 

483.  When  shown  on  the  plans,  brick  hand  r.ails  shall  be  con- 
structed  in  accordance  with   the   following  specifications: 

484.  Brick.  The  brick  shall  be  vitrified,  free  from  unsightly 
warps,  cracks  or  blisters,  and  of  uniform  size.  Samples  of  the  brick 
shall  be  submitted  to  the  engineer  for  approval  before  the  order  is 
placed. 

485.  If  brick  should  be  required  which  costs  more  than  $25  per 
thousand  f.  o.  b.  cars  at  the  nearest  available  railroad  siding,  the 
contractor  shall  be  paid  in  addition  to  the  sums  named  in  the  pro- 
posal the  excess  cost  of  such  brick  over  and  above  this  amount. 

4Sfi.     Mortar.     The  brick  shall  be  laid  in  a  1  to  2  Portland  cement 
mortar.      The   r.nortar  shall  be   colored  as  directed  by   the  engineer. 
487.     Joints.    All  joints  shall  be  raked  out  to  a  depth  of  %  in. 


METHOD  OF  FORMING  BEVELS  ON  CONCRETE 
WALLS  OR  SILLS. 

Contributed    by    Albert    M.    Wolf. 

Where  concrete  is  exposed,  it  is  essential  that  sharp 
corners  or  arrises  be  avoided  by  the  use  of  bevels  or  by 
rounding  them,  in  order  that  clipping  or  breaking  off 
the  corners  be  avoided  in  removing  forms,  or  in  the  ac- 
tual use  of  the  building.  Then  also,  sills,  belt  courses, 
or  columns  are  materially  benefited  in  appearance  in  most 
cases  by  beveling  or  chamfering  the  corners.  Small 
bevels  on  top  of  slabs  and  belt  courses,  and  on  columns 
can  readily  be  formed  by  placing  triangular  strips  of  the 
desired  size  in  the  forms  against  which  the  concrete  is 
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Detail    of   Special    Form    for    Finishing    Bevels    on    Concrete   Walls. 

placed  and  formed.  The  formation  of  large  slopes  or 
bevels  (2  to  6  in.  wide)  on.  walls  and  sills,  however,  is 
more  difficult  if  the  best  results  are  desired  and  the  writer 
offers  the  following  method  as  one  which  will  make  them 
possible. 

As  shown  in  the  accompanying  sketch,  the  inside  form 
can  be  carried  up  to  any  convenient  height  above  the 
level  of  the  top  of  the  wall,  while  the  top  board  (a)  of 
the  outer  form  must  be  beveled  at  the  same  slope  as  de- 
sired for  the  wall  and  the  board  carefully  leveled  and 
nailed  in  position.  Then  nail  a  strip  (b)  with  top  hav- 
ing same  bevel  at  the  proper  level  on  the  back  form. 
These  two  beveled  boards,  (a),  (e)  and  (b),  form  the 
guides  for  the  preliminary  floating  of  the  mortar  finish 
generally  used  to  finish  off  the  top  of  walls,  but  with  these 
alone  the  wavy  line  of  intersection  of  the  beveled  and  level 
portions  would  not  necessarily  be  dispensed  with. 

A  relatively  short  piece  of  plank  or  board  marked 
(c)  in  sketch  (depending  on  the  depth  of  bevel)  of  same 
width  as  horizontal  surface  of  the  wall  and  with  outer 
edge  cut  to  level  and  of  proper  thickness  to  slide  under 
the  upper  guide  (b)  should  therefore  be  used  as  an  in- 
termediate guide  when  troweling  the  beveled  portion.  By 
sliding  this  board  along,  the  horizontal  surface  will  be 
floated  ready  for  troweling,  which  should  be  carefully 
done  along  the  line  of  intersection  of  the  surfaces. 
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This  form  may  seem  elaborate  to  some  who  have  been 
used  to  finishing  beveled  walls  in  the  old  hit-or-miss 
fashion,  but  on  building  work,  where  clean-cut  details 
are  required  for  such  concrete  work  as  has  largely  re- 
placed cut  stone,  the  writer  believes  the  extra  expendi- 
ture entirely  justified  from  the  standpoint  of  all  con- 
cerned. It  may  cost  the  contractor  a  few  dollars  more, 
but  poorly  finished  exposed  concrete  surfaces  of  the  kind 
mentioned,  may  make  the  owner  and  engineer  or  archi- 
tect dissatisfied  with  an  otherwise  satisfactory  piece  of 
work  and  thus  close  a  promising  field  of  endeavor  to 
the  contractor.  Most  contractors  have  found  that  the 
better  class  of  work  pays  best  and  it  is  to  these  that  this 
mehod  is  given,  with  the  hope  that  it  may  prove  of  value. 


FLOORS    AND    FLOOR    CONSTRUCTION    IN 
OFFICE  BUILDINGS.* 

The  types  of  floor  construction  most  commonly  found 
in  the  modern  buildings  are  as  shown  in  Figs.  1  to  5, 
inclusive.  These  sketches  are  by  no  means  intended  to 
cover  the  entire  range  or  even  include  all  of  the  common 
types.  They  show,  however,  in  the  opinion  of  the  writer, 
the  more  common. 

The  essential  features  to  be  considered  in  any  floor  con- 
struction are  strength,  stiffness,  durability,  fire-proofing 
qualities,  light  weight,  small  depth,  and  the  cost.  The 
construction    of    high    buildings    demands    that   the    dead 
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Concrete   Joist   Type. 


weight  and  the  depth  of  the  floor  be  reduced  to  a  mini- 
mum, consistent  with  good  construction  and  the  cost.  In 
recent  years,  various  new  types  of  floor  construction  have 
been  placed  before  the  designer  and  improvements  have 
been  made  in  the  older  types  with  the  object  of  accom- 
plishing these  results.  The  forms  used  for  concrete  floors 
are  also  an  important  factor  and  have  been  subjected  to 
much  study  and  some  reduction  in  the  new  types. 

The  partitions  of  office  buildings  are  subject  to  contin- 
ual rearrangement  to  suit  different  tenants,  and  the  floor, 
therefore,  should  be  designed  to  permit  a  partition  to  be 
placed  in  any  position.  This  requirement  is  usually  satis- 
fied by  assuming  a  certain  weight  (10  to  25  lbs.  per 
square  foot)  for  partitions  and  adding  this  to  the  dead 
load  of  the  floor. 


Fig.   3— Concrete   Slab   on   Self -Centering. 


Flat  ceilings  are  also  desirable  and  this  requires  the 
use  of  suspended  ceilings  for  some  of  the  types  of  floor 
construction.  Ample  fire  protection  should  be  given  the 
beam  on  both  flanges. 

This  paper  does  not  attempt  to  discuss  the  relative  ad- 
vantages, and  disadvantages  of  various  types  of  floor  con- 
struction. The  firms  most  interested  have  been  quite  suc- 
cessful in  presenting  the  respective  merits  of  their  par- 
ticular type  and  the  designer  must  investigate  these 
claims  and  make  his  choice  accordingly. 

The  arrangement  and  the  spacing  of  the  floor  beams  are 
influenced  by  so  many  conditions,  such  as  location  of 
openings,  the  locations  where  comparatively  deep  beams 
are  permitted,  etc.,  etc.,  that  it  is  impossible  to  suggest 
a  particular  set  of  rules  to  be  followed. 

The  columns  having  been  located  and  as  it  is  desirable 
in  all  cases  to  transmit  the  floor  loads  as  directly  as  pos- 
sible to  the  columns,  the  main  panels  will  be  determined 

•From  a  paper.  "Comparative  Designs  of  Office  Buildings."  pre- 
sented before  the  Western  Society  of  Engineers  by  Fred  Ruchts  and 
printed  in  the  October  Journal  of  the  society. 
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from  this  consideration.  The  economical  .span  of  the  type 
of  the  floor  construction  will  limit  the  size  of  the  sub- 
panels.  Thus,  for  terra  cotta  arches  the  usual  span  is 
from  5  ft.  to  6  ft.,  for  reinforced  concrete  slabs,  the  span 
will  probably  be  larger,  but  not  to  exceed  8  ft.  to  9  ft., 
while  for  the  concrete  joist  construction  no  intermediate 
panels  will  be  required,  as  this  construction  may  safely 
be  used  for  spans  up  to  26  ft.  or  28  ft. 

For  large  stretches  of  floor  surface  the  arrangement  of 
the  beams  may  be  influenced  by  the  desire  to  give  continu- 
ity to  the  floor  construction.  Also,  usually  there  will  be 
a  number  of  floor  beams  in  the  panel  and  only  one  girder, 


Fig.   3 — Segmented   Terra   Cotta   Arch. 

and  as  the  clearance  may  limit  the  depth  of  the  girder, 
it  may  be  desirable  to  run  the  beams  in  the  long  direction 
and  the  girder  in  the  short  direction  in  order  that  the 
latter  may  not  become  too  deep.  Another  factor  which 
may  determine  the  direction  of  the  girder  is  the  wind 
bracing,  which  may  require  that  the  deep  girders  run  in 
the  small  direction  of  the  building  in  order  to  obtain  the 
advantage  of  the  stiffness  of  the  deep  girder  connections. 

In  all  cases,  however,  it  should  be  the  aim  of  the  de- 
signer to  make  as  many  panels  equal  and  rectangular  as 
the  general  plan  will  permit.  This  will  give  duplication 
in  the  structural  steel,  concrete  forms,  and  terra  cotta 
blocks. 

Beam  to  beam  connections  are  made,  in  most  cases,  by 
simple  web  connections.  These  may  consist  of  one  or  two 
angles,  or  in  skew  connections  of  bent  angles  or  plates. 
It  will  be  necessary  at  times  to  make  a  connection  by  rest- 
ing one  beam  on  top  of  another,  in  which  case  it  may  be 
necessary  to  investigate  the  webs  of  these  beams  for 
buckling  resistance.     Beams  framing  into  shallower  ones 


Fig^  4 — Flat   Tile   Arch. 

should  be  avoided,  as  this  requires  large  cuts  in  order  to 
clear  the  flanges  of  the  shallow  beam. 

Unnecessary  coping  and  blocking  at  the  ends  of  the 
beams  should  be  avoided  and  this  may  be  done  in  many 
cases  without  injuring  the  construction  in  any  way.  For 
instance,  very  often  the  floor  beams  are  not  as  deep  as  the 
girders  into  which  they  frame.  By  placing  the  beams  at 
a  slightly  different  elevation  than  the  girder  (1  in.  to  V/s 
in.)  connection  may  be  made  without  any  cutting.  Holes 
in  both  the  flanges  and  the  web  should  be  avoided  where 
possible  and  only  one  size  of  hole  should  be  used  in  any 
one  beam.  The  cutting  of  beams  and  the  punching  of  two 
sizes  of  holes  in  a  beam,  while  of  small  importance  in  the 
design  of  the  building,  increases  the  cost  of  fabrication 
considerably,  and  may  many  times  be  avoided  by  a  little 
thoughtfulness  in  designing. 

Beam  to  column  connections  are  probably  most  satis- 
factorily made  by  using  top  and  seat  angles,  with  stiffener 


Fig. 


-Reinforced    Concrete    Slab. 


angles  if  required  by  the  load.  This  type  of  connection 
for  the  usual  sizes  of  rolled  beams  is  capable  of  trans- 
mitting a  larger  moment  than  the  web  connection  and  is, 
therefore,  more  desirable  for  wind  bracing. 

In  many  ca.ses  the  clearance  lines  will  not  permit  the 
use  of  stiffener  angles.  In  such  cases  simple  web  connec- 
tions must  be  used.    A  satisfactory  wind  bracing  connec- 
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tion  may  very  often  be  made  by  the  use  of  web  connection 
angles  with  top  and  bottom  seat  angles. 

When  a  shallow  beam  frames  into  a  deep  beam,  this 
should  be  carried  on  a  shelf  angle  and  a  side  connection 
angle  instead  of  the  usual  web  connection.  This  connec- 
tion is  an  advance  to  the  erector,  as  the  shelf  angle  acts 
as  an  erection  seat,  thus  facilitating  the  erection.  This  is 
especially  noticeable  when  two  small  beams  frame  oppo- 
site each  other.  The  smaller  beams  thus  become  plain 
punched  beams  without  riveted  connection  angles  and 
take  a  lower  classification  and  a  less  unit  cost. 


SLAB  DEFLECTION  AND  SUBSIDENCE  OF 
COLUMN  SUPPORTS.* 

The  structural  utility  of  continuous  panels  is  so  great 
as  to  outweigh  their  risks  and  practically  to  necessitate 
their  adoption.  The  fact  that  the  applied  moments  and 
resisting  moments  in  slabs  are  unequal  does  not,  however, 
prevent  us  from  applying  the  theory  of  flexure  to  slabs 
as  well  as  to  beams,  although  it  does  prevent  us  from 
calculating  the  moment  of  inertia  of  the  resisting  mate- 
rials in  slabs  in  the  same  manner  as  in  beams.  But  those 
deductions  from  the  theory  of  flexure  which  are  independ- 
ent of  the  magnitude  of  the  moment  inertia  are  valid 
equally  for  beams  and  for  slabs.  Such,  for  example,  are 
the  relative  deflections  and  vertical  displacements  of  dif- 
ferent points  in  the  span.  This  it  is  which  has  made  it 
possible  to  treat  with  success  an  important  question  which 
arose  in  the  discussion  of  the  test  of  the  floor  of  Interna- 
tional Hall. 

In  this  floor  slab  the  foundations  of  the  columns  proved 
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sufficient  to  carry  the  test  loads  without  yielding  by 
amounts  large  enough  to  have  considerable  effects  upon 
the  stresses  and  deflections  of  the  four  loaded  panels,  each 
of  which  was  18  by  18  ft.  square.  The  floor  as  tested  was 
a  deck  slab  with  no  columns  on  its  upper  side.  It  was 
three  panels  wide  and  nine  panels  long,  and  was  built  into 
the  surrounding  walls  of  an  old  brick  building  by  cutting 
into  them  somewhat  for  space  to  place  steel  and  pour 
concrete,  so  that  the  edges  of  the  slab  were  made  integral 
so  far  as  possible  with  the  walls.  The  four  panels  which 
were  tested  formed  a  square  near  the  middle  of  one  side 
of  the  slab,  two  of  them  being  in  one  tier  of  wall  panels 
and  the  other  two  in  the  middle  tier  adjacent  to  them.  In 
this  floor,  with  its  two  rows  of  supporting  columns  paral- 
lel to  the  long  sides  of  the  building,  certain  vertical  dis- 
placements were  measured  at  the  columns  and  at  mid-span 
between  columns  and  walls,  both  before  and  a  week  after 
the  removal  of  the  final  test  load,  and  the  question  was  to 
determine  whether  the  recovery  was  as  much  as  80  per 
cent,  of  the  maximum  deflection,  and  so  whether  there  still 
remained  as  much  as  20  per  cent,  of  the  maximum.  The 
solution  of  this  problem  implicitly  requires  the  determina- 
tion of  the  magnitude  of  the  vertical  displacements  which 


•From  a  paper  by  Prof.  Henry  T.  Eddy.  University  of  Minnesota, 
in  the   December  Journal  of  the   Franklin  Institute. 


would  occur  in  the  slab  by  reason  of  the  subsidences  of 
the  column  supports  only;  for  the  actual  vertical  displace- 
ment at  any  point  of  the  slab  is  the  sum  of  two  kinds  of 
displacement;  first,  that  due  to  the  bending  by  reason  of 
subsidence  of  the  points  of  support,  and,  second,  that  due 
to  bending  by  reason  of  the  applied  load.  The  fact  that 
the  subsidence  of  columns  was  itself  also  due  to  the  ap- 
plied load  is  immaterial,  since  the  effect  would  be  the  same 
were  the  subsidence  due  to  some  other  cause. 

When  that  part  of  the  vertical  displacement  at  any 
point  which  is  due  to  the  subsidence  of  supports  is  sub- 
tracted from  the  actual  vertical  displacement  observed  at 
that  point,  the  remainder  is  the  true  deflection  and  may 
be  either  that  due  to  the  effect  of  the  load  in  bending  the 
slab  or  to  the  residual  bending  effect  after  removing  the 
load,  according  as  the  load  is  still  resting  upon  the  slab  or 
has  been  removed.  The  ratio  of  the  remainder  after  re- 
moval to  the  remainder  before  removal  will  show  how 
much  the  recovery  falls  short  of  being  complete. 

Let  these  four  panels  be  designated  by  A,  B,  C.  D, 
respectively,  as  shown  in  Fig.  1,  with  columns  numbered 
from  1  to  6.  Panel  B  is  the  centre  of  the  entire  floor.  Let 
the  reinforced  direct  belts  extending  across  the  slab  over 
the  columns  be  regarded  as  continuous  beams  fixed  hori- 
zontally at  the  walls.  The  assumption  that  they  are  fixed 
at  the  walls  is  probably  not  entirely  correct,  but  more 
nearly  so  than  the  assumption  of  mere  support  at  the 
walls.  It  is  found  that  the  latter  assumption  gives  results 
which  do  not  differ  much  from  those  obtained  by  assuming 
the  ends  to  be  fixed  in  direction  as  well  as  position.  If  L 
be  taken  as  the  distance  between  successive  columns,  these 
belts  or  beam  strips,  which  may  be  taken  rodghly  as  hav- 
ing a  width  of  0.5  L,  are  not  of  uniform  moment  of  inertia 
throughout  their  lengths,  but  will,  for  the  purpose  of 
preliminary  investigation,  be  assumed  as  uniform,  and 
their  irregularity  of  cross-section  will  be  allowed  for  later. 

Given  a  uniform  continuous  beam  of  three  equal  spans, 
each  of  length  L,  as  shown  in  Fig.  2,  whose  extremities 
are  fixed  horizontally  on  the  same  level,  but  whose  inter- 
mediate points  of  support  at  points  1  and  2  are  depressed 
by  the  observed  subsidence  Zi  and  z-.,  respectively,  below 
the  level  of  the  extremities,  to  find  the  displacements  Zi2, 
Zoi,  zm,  at  the  middle  of  the  centre  and  end  spans  respec- 
tively, there  being  no  stress  or  displacements  due  to  any 
other  cause  than  the  subsidences  Zi  and  Z:. 

Let  Mo  and  Ms  be  the  moments  at  the  extremities  and 
Ml  and  M:  at  the  intermediate  supports,  respectively. 

Then,  by  making  use  of  the  theorem  of  three  moments, 
which  applies  in  its  general  form  to  any  two  successive 
spans  of  a  straight  beam  with  supports  at  any  arbitrary 
levels,  we  have  the  following  form  equations  by  taking 
from  successive  pairs  of  spans:  The  first  pair,  Equation 
(1),  consists  of  a  span  of  zero  length  and  a  span  extend- 
ing from  the  wall  at  0  to  the  first  row  of  columns  at  1. 
The  effect  of  a  span  of  zero  length  is  to  give  the  slab 
a  fixed  horizontal  direction  at  the  wall.  The  second  pair 
of  spans.  Equation  (2),  extends  from  the  wall  at  0  to 
the  first  row  of  columns  and  from  the  first  to  the  second 
row  of  columns  at  2.  The  third  pair.  Equation  (3)  ex- 
tends from  the  first  row  of  columns  at  1,  across  the  second 
row  to  the  other  wall  at  3,  and  the  fourth  pair,  Equation 
(4),  from  the  second  row  of  columns  at  2,  to  the  second 
wall  at  3,  and  includes  a  span  of  zero  length  at  that  wall. 
The  notation  may  be  understood  from  a  diagram  in 
which  the  tangents  at  the  0  and  3  are  fixed  in  a  horizontal 
position  and  the  vertical  displacements  or  subsidences  at 
the  intermediate  supports  1  and  2  are  of  known  amounts, 
Zi  and  z=,  and  the  vertical  displacements  at  mid-span  are 
designated  by  Zm,  Zi:,  and  Z23,  respectively,  while  the  ap- 
plied bending  moments  are  denoted  by  the  letter  M 
with  corresponding  subscripts,  and  the  length  of  the 
equal  spans  between  supports  by  L. 

8  EIz,  =  (2jr„+ivr,)L=     (1) 

—6  El(2z,— z.)  =  (M„+4Mi+M™)L,2    (2) 

6  ElfZi— 2z.,)  -  (M,+4M.+M3)I^     (3) 

6  Elz:=  (M:+2Ms)L=     (4) 

Considering  now  the  mid-displacements  Z12  of  the  middle 
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span  12,  it  may  be  expressed  in  terms  of  the  two  end  mo- 
ments and  end  displacements  of  that  span  as  follows: 

6  EI(z,  +  Zj— 2z,.)  =  ?i(M,  +  JIi.)I^     (5) 

as  appears  from  the  fundamental  equation  of  moments  and 
shears  used  in  establishing  the  equation  of  three  moments. 
The  solution  of  these  five  simultaneous  linear  equations 
by  the  method  of  indeterminate  multipliers  or  otherwise 
gives  as  a  result 

Z,::=%(z,  +  Zo1     (6) 

A  similar  consideration  of  the  mid-displacement  of  the 
end  span  23  shows  that 

6  E;iZ;.,=lB(M2  +  .-.Ma)L=    (7) 

The  solution  of  the  first  four  simultaneous  linear  equa- 
tions and  (7)  gives 

Z;,  =;  {19z;— 4z,)/40     (8) 

and  by  symmetry 

z„,  =  (19z,-^z~)/40    (9) 

Hence 

Zoi+Z,:  +  Z,3  =  z,+z,.      nO) 

which  is  a  fundamental  equation  of  displacements  in  this 
case  of  no  loads. 

In  case  the  assumption  were  that  the  walls  are  sim- 
ple supports  and  exert  no  restraint,  the  values  of  the  dis- 
placements at  mid-span  have  been  found  to  be 

z,.  =  23(z,  +  z.V4n    1 

z.,,=(  29z~— 6zO  /  !0  }      (11) 

z,M  =  ':9Zi — fizc)  -fO  ] 

from  which  it  appears  that  this  would  make  the  displace- 
ment of  the  middle  span  a  little  less  and  at  mid-span  of 
the  end  space  a  little  greater  than  when  the  ends  are  fixed, 
and  the  same  kind  of  effect,  but  of  smaller  amount,  will  be 
produced  by  any  relaxation  of  fixity  at  the  walls. 
It  will  be  noticed  that  from  (11)  that 

Zr..=Zr,i  +  Z23 

It  is  evident  that  the  floor  under  consideration  may  be 
taken  to  consist  of  beam  strips  not  only  crosswise  from 
side  wall  to  side  wall,  as  has  just  been  done,  but  also  as 
made  up  of  beam  strips  parallel  to  the  side  walls  and 
extending  lengthwise  of  the  building,  and  that  the  agree- 
ment of  the  results  of  computations  by  these  two  meth- 
ods will  tend  to  establish  their  correctness.  Suppose 
the  beam  strips  to  each  have  a  width  of  ijL  extending 
over  the  two  rows  of  columns  parallel  to  the  long  side 
walls,  with  a  strip  of  the  same  width  lying  between  these 
two.  If  the  length  of  these  strips  be  taken  as  4L,  they 
may  be  assumed  to  have  their  ends  practically  fixed  hori- 
zontally, with  certain  observed  vertical  displacements  at 
the  three  intervening  columns.  The  problem  in  this  case 
is  this:  Given  the  vertical  displacements  z.,  Z:,  and  Za  at 
points  of  support  1,  2  and  3  of  a  beam  fixed  horizontally 
at  the  ends  0  and  4,  to  find  the  vertical  displacements 
Zm,  Z:,  Zr-,  and  z .,  at  mid-span  between  each  pair  of  sup- 
ports. The  equations  are  like  those  already  used  in  the 
case  of  three  spans,  and  the  values  arrived  at  in  the  same 
manner  are : 

z„,  =  (106z —  21z  +  6z.,)/224') 

z,"=(142z,  +  133zj— 30z3)/224  (      (12) 

z~,=:fl42Z3-(-l?,3z., — 30z,)/224  f 
ZM  =  fl06z,,—  21z,4-  6z,'>/224J 

It  will  be  noticed  that  in  this  case 

z..i-i-Zi«-4-Z2:,  +  Zn— Zi^z--l-z~      (13) 

which  is  an  equation  of  deflections  for  four  spans  sim- 
ilar to   (10)   for  three  spans. 

On  Fig.  1  which  shows  a  plan  of  the  panels  of  the 
test,  are  inscribed,  at  columns  1  to  6,  the  amounts  of  the 
vertical  displacements  observed  under  the  final  load  in 
inches,  and  at  mid-span  between  these  columns  the  ver- 
tical displacements,  computed  according  to  the  foregoing 
equations,  that  would  take  place  in  a  uniform  slab  by 
reason  of  the  displacements  at  the  columns  without  ap- 
plying any  load  to  the  slab  except  the  reactions  at  the 
columns  which  are  necessarj-  to  produce  the  displacements 
at  the  columns. 

Displacements  at  panel  centres  are  also  given.  These 
last  are  computed  both  by  taking  beam  strips  crosswise 
and  lengthwise  of  the  floor  midway  between  the  beam 
strips  already  computed  across  the  tops  of  the  columns. 
Practically  the  same  values  at  panel  centres  are  obtained 
from  the  computation  by  strips  crosswise  as  lengthwise. 
This  affords  a  satisfactory  check  on  the  work.    Were  the 
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slab  of  uniform  moment  of  inertia  throughout,  the  dis- 
placements which  have  been  computed  at  mid-spans  and 
panel  centres  would  express  the  position  of  the  surface 
from  which  true  deflections  should  be  measured,  or  the 
surface  of  zero  deflection  from  which  deflections  due  to 
the  load  or  lack  of  recovery  are  to  be  measured.  That 
however,  is  not  entirely  correct  for  a  floor  slab,  by  rea-- 
son  of  the  great  relative  stiffness  and  extent  of  the 
column  heads,  which  must  be  allowed  for.  The  side 
belts  are  weaker  near  mid-span  than  elsewhere.  The  kind 
of  effect  that  this  produces  may  be  made  evident  by  con- 
sidering what  would  be  the  effect  of  joints  at  mid-span 
of  the  beam  strips  across  the  floor.  That  would  cause 
angles  in  the  strips  at  each  mid-span  with  comparatively 
straight  portions  over  the  columns.  At  mid-span  in  the 
centre  of  the  strip  the  displacement  would  evidently  be 
increased  by  such  joints  or  by  any  weakness  of  this  kind. 
In  the  case  of  the  test  under  consideration  it  is  estimated 
that  the  combination  of  a  central  conduit  in  each  panel 
tier  parallel  to  the  long  side  walls,  with  the  lack  of 
columns  intergal  with  the  slab  above  it,  added  not  less 
than  25  per  cent,  to  the  computed  vertical  displacements 
at  the  centres  of  panels  A  and  B  and  midway  between 
those  points,  these  being  the  points  of  maximum  deflection 
at  which  the  percentage  of  recovery  is  to  be  determined. 

Table  1  gives  in  column  1  the  computed  vertical  dis- 
placements at  these  points,  and  in  column  2  these  amounts 
increased  by  25  per  cent.,  to  take  account  of  the  increased 
displacement  by  reason  of  lack  of  uniformity  in  the  slab. 
Column  3  gives  the  observed  displacements  under  the 
maximum  load,  and  column  4  the  observed  displacement 
after  removal  of  the  load  and  recovery.  Column  5  is  the 
difference  between  column  3  and  column  2,  or  the  deflec- 
tion un(ler  the  load.  Column  6  is  the  difference  between 
column  4  and  column  2,  or  the  deflection  after  removal 
of  load  and  recovery.  Column  7  is  the  ratio  of  column  6 
to  column  5,  or  the  percentage  which  with  the  residual 
deflection  is  of  the  maximum.  Column  8  is  100  per  cent, 
less  the  per  cent,  in  column  7,  or  the  percentage  of  re- 
covery which  has  a  mean  value  of  80.7. 

TABLE  I.— VERTICAL.  DISPLACEMENTS  AND   DEFLECTIONS   IN 

INCHES. 
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Mean    0.19  0.225  0.99  0.38  0.765  0.152  19.3  80.7 

The  application  of  a  rule  requiring  a  recoverj'  of  80  per 
cent,  in  this  case,  however,  discriminates  against  the  floor 
structure  and  attempts  to  have  it  make  good  the  short- 
comings of  the  faulty  foundations  on  which  the  columns 
>est.  At  the  time  of  the  maximum  load,  when  subsidence 
of  the  columns  took  place,  the  columns  were  subjected 
ro  a  very  considerable  bending  moment  by  reason  of  the 
tipping  of  the  floor,  which  was  integral  with  the  column 
heads.  This  caused  the  foundation  of  each  column  not 
only  to  sink  vertically,  but  to  tilt  at  the  same  time  in  an 
inelastic  displacement.  On  removal  of  the  load,  any  res- 
toration of  the  foundation  either  to  its  original  vertical 
position  or  level  would  have  to  be  accomplished,  not  by 
any  elastic  effort  of  the  foundation  itself,  but  by  an  elastic 
effort  coming  from  the  floor  itself.  Not  only  was 
work  required  to  displace  the  foundation  at  first,  but 
additional  work  will  be  required  after  the  removal  of 
the  load  to  right  the  foundation,  or  else  the  foundation 
will  itself  tend  to  restrain  the  slab  and  hold  it  in  its  dis- 
placed position  not  merely  by  reason  of  its  vertical  dis- 
placement, but  by  reason  of  its  tilted  position  in  addition 
to  that.  Thus  it  is  that  the  displaced  foundations  tend 
to  prevent  the  recovery  of  the  slab  in  other  ways  than 
merely  by  the  vertical  displacements  which  have  been 
consi(iered  in  the  preceding  computations. 
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ENGINEERING 
AND     CONTRACTING 


PROTEC  TION  OF  STEEL  WORK  FROM  LOCOMO- 
TIVE BLASTS. 

A  fireproof  sheathing,  composed  of  asbestos  fibre  and 
cement,  has  given  excellent  results  in  protecting  the  steel 
work  of  the  Whitehall  St.  viaduct  at  Atlanta,  Ga.,  from 
the  effects  of  smoke,  steam  and  cinders  from  locomotives. 
The  asbestos  sheathing  is  %  in.  thick  and  is  supported  by 
frames  attached  to  the  girders  and  beams  by  adjustable 
hangers,  bolts,  etc.    This  forms  one  continuous  rigid  hood 


as  may  be  desired  to  produce  the  proper  size  or  thick- 
ness of  the  tie  or  timber.  A  2-in.  cut  is  made  with  each 
movement  back  and  forward.  Thus  by  pushing  the  lever 
forward  and  then  drawing  it  back,  a  clean,  square,  smooth 
cut  4  in.  wide  is  made  across  two  ties.  About  three  such 
movements  complete  an  ordinary  dap  in  a  tie  and  two  for 
a  guard  rail  dap.  One  man  is  needed  to  push  the  car 
along  2  in.  at  a  time  as  the  cuts  are  made. 

A   saw   is   furnished   with   the   machine.      It    is    inter- 
changeable with  the  cutter  head  on  the  same  arbor,  thus 


-  Main  Girders 


Asbestos 


Brass  bolts  &  \washe 


Diagram   of   Frame,   Suspenders  and   Asbestos  Sheathing. 


over  the  center  lines  of  the  tracks  under  the  bridge.  The 
actual  cost  of  this  protection  was  $4.45  per  lin.  ft.  of 
track,  or  $1.23  per  sq.  ft.  of  protected  area. 

An  examination  of  the  protection  after  15  months'  serv- 
ice showed  that  the  sheathing  had  not  suffered  from  the 
locomotive  blasts  and  apparently  the  sections  of  the 
asbestos  sheets  were  not  reduced  in  thickness.  The  pro- 
tection was  designed  by  C.  E.  Kauffman,  Engineer  of 
Bridges  and  Estimates,  City  of  Atlanta. 


PORTABLE  ENGINE  DRIVEN  FRAMING  MACHINE. 

A  framing  machine  that  is  claimed  to  do  more  and  bet- 
ter work  than  six  me,chanics  can  do  with  hand  tools  is 
illustrated  below.  This  machine  consists  of  a  small  car, 
38-in.  wheel  base,  2-ft.  gage,  20-in.  wheels,  on  which  is 
mounted  a  4  H.  P.  gasoline  engine.  In  front  of  this 
engine  is  hinged  a  cast  steel  arm,  4  ft.  long,  supporting 
a  10-in.  grooving  head.  This  arm  can  be  adjusted  up  or 
down  by  a  screw  passing  through  its  center  and  bear- 
ing on  a  steel  plate  near  the  front  of  the  car.  Attached 
to  this  plate  are  two  wing  plates,  one  on  each  side  of  the 
cutter  arm,  which  serve  as  a  support  to  the  arm.     By  the 


Portable   Engine-Driven    Framing   IVIachine. 

use  of  a  bolt  passing  through  slotted  holes  in  these  plates 
the  arm  may  be  clamped  in  any  desired  position.  A  IVg- 
in.  mandrel  supports  the  cutter  head  at  one  side  of  the 
outer  end  of  the  arm;  on  the  other  side  is  attached  a 
pulley  which  is  belted  to  the  engine.  The  illustration 
also  shows  the  material  car  which  has  10  ft.  wheel  base 
and  2  ft.  guage.  The  ties,  two  at  a  time,  are  loaded  on  this 
car  which  is  placed  at  right  angles  to  the  machine  car. 
The  timber  is  scribed  across  to  give  location  of  daps,  and 
the  work  proceeds  as  follows :  By  operating  a  lever  shown 
clamped  to  the  front  wheel  of  the  small  car  the  whole 
machine  is  pushed  forward  or  backward,  the  arm  pass- 
ing over  the  work  in  a  horizontal  line  and  at  such  depth 


making  a  convenient  rig  for  sawing  form  lumber,  build- 
ing stock,  splitting  wedges,  etc. 

The  machine  described  above  is  manufactured  by  J.  E. 
Toohey,  Grand  Rapids,  Mich. 


PERSONALS. 


C.  C.  Hiifflne  has  been  appointed  City  Engineer  of  Fi-ankfort.  Ind. 

W.  J.  Parker  has  been  appointed  County  Highway  Engineer  of 
Jefferson    County,    Arkansas. 

At  a  meeting  of  the  Board  of  Directors  of  J.  G.  White  &  Com- 
pany, Incorporated,  New  York,  R,  B.  Marchant,  Treasurer  of  the 
Corporation,  was  elected  to  the  office  of  Vice  President. 

W.  D.  Salter  has  been  appointed  citj'  engineer  of  Boulder.  Colo.. 
succeeding  George  R.  Joslin,  resigned.  Mr.  Salter  for  the  past  10  years 
has  be.?n  Assistant  Engineer  for  the  city  of  Denver,   Colo. 

A  meeting-  of  the  civil  engineers  of  Florida  was  held  at  Jackson- 
ville, Fla..  on  Dec.  22  and  23  to  organize  the  Florida  State  Engineering 
Society.  L.  ?3.  Smoot,  Commissioner  of  Public  \\*orks  of  Jackson- 
ville,  was   in   charge  of  aiTangements. 

W.  L.  Clark,  heretofore  Assistant  Highway  Engineer  of  the  State 
Highway  Department  of  California,  has  been  appointed  Division  En- 
gineer to  succeed  A.  E.  Loder,  who  resigned  to  become  Assistant 
Chief  Engineer  of  the  U.   S.   Office  of  Public  Lands. 

J.  K.  Choate,  Vice-President  of  the  J.  G.  White  Management  Cor- 
poration, has  just  returned  from  a  six  weeks'  trip  to  Nicaragua,  where 
he  spent  considerable  time  inspecting  the  property  of  the  Ferrocarril 
del  Pacifico  de  Nicaragua,  which  is  being  operated  by  the  J.  G. 
White    Management    Corporation. 


OBITUARY. 

Frederic  H.  Reed,  vice-president  of  J.  G.  White  &  Co..  Inc..  died 
Dec.   9,   aged  51  years. 

Charles  H.  Hersey,  president  of  the  Hersey  Manufacturing  Co.. 
Boston,  Mass.,  died  Dec,  9  at  his  home  in  Roxbury,  a  suburb  of 
Boston,  aged  86  years. 

Charles  Wiley,  vice  president  and  treasurer  of  John  Wiley  &  Sons, 
publishers  of  scientific  work.  New  York  City,  died  Dec.  3  at  his  home 
in  East  Orange,  N.  J.,  after  an  illness  from  heart  trouble  of  four- 
months'  duration.    He  was  82  years  old, 

T.  E.  Calvert,  chief  engineer  of  the  Chicago,  Burlington  &  Quincy 
R.  R.,  died  Dec.  IS  at  liis  home  near  Lincoln,  Neb.,  after  an  illness 
of  about  6  weeks.  Mr.  Calvert  entered  the  employ  of  the  Chicago, 
Burlington  &  Quincy  K.  R.  in  1871,  as  an  axman.  He  became  assist- 
ant engineer  and  in  1S78  was  made  chief  engineer  of  the  lines  west 
of  the  Missouri  River.  In  1SS4  he  was  appointed  General  Superin- 
tendent of  the  Western  lines,  and  20  years  later  he  became  chief 
engineer   of  the   Burlington   system. 


INDUSTRIAL  NOTES. 

The  Novo  Engine  Co..  I-ansiiig.  ;\lich..  will  give  its  emplo^•es  a 
wage  dividend.  All  employes  who  have  been  continuously  in  the  em- 
ploy of  the  company  for  the  year  1916  will  receive  an  amount  equal 
to  5  per  cent  on  their  total  wages  earned  during  the  twelve  months 
previous  to  Dec.  31st,  1916.  at  their  regular  rate  per  day.  To  those 
who  have  been  in  t'ne  employ  continuously  for  six  months.  l>ut  less 
than  twelve  months,  an  amount  will  be  paid  equal  to  21^  per  cent. 
'Phis  is  the  second  annual  -wage  dividend  of  the  company. 

A  motor  car  factory  running  full  blast  and  6,000  persons  present 
at  a  reception  and  lunclieon  was  the  unusual  feature  of  a  factory 
housewarming  which  began  at  8:30  a.  m.  December  lir  and  ended  in  a 
dance  at  night  in  a  new  manufacturing  building  of  The  White  Motor 
Company  in  Cleveland.  The  dance  was  one  of  the  largest  ever  held 
in  this  country,  over  S.OOO  persons  attending.  Special  transportation 
facilities  were  provided  by  the  street  railway  company  to  handle  the 
crowd.  , 

Among  the  contracts  recently  awarded  the  Raymond  Concrete  Pile 
Co.  of  New  York  ."ind  Chicago,  are  the  following:  I^econstruction  of  old 
ore  unloading  dock  and  600  ft.  of  additional  new  ore  unloading  dock 
for  the  Marine  Department  of  the  Bethlehem  Steel  Co.  at  Sparrows 
Point,  Md.  Also  foundations  of  Raymond  piles  for  their  nGV:  blacksmith 
shop.  Concrete  piles  m  the  foundation  of  a  new  building  for  the 
Swift  Packing  Co.,  Kansas  City,  Kan.  Concrete  piling  in  the  founda- 
tion of  the  Campbell  Apartment.  Chicago,  Hi.  Jlore  concrete  piling 
under  buildings  for  the  Sizer  Forge  Co.,  Buffalo,  N.  Y.  Raymond 
piles  in  the  foundation  of  the  boiler  house  for  the  Revere  Sugar  Co., 
Boston,  Mass.  Piling  foundation  for  the  Cadillac  Motor  Co.  at  Detroit, 
Mich.  Raymond  concrete  piles  for  the  foundation  of  the  Goodyear 
Tire  &  Rubber  Co.  building  at  Akron,  O.  Concrete  piles  for  the  Holy 
Trinity  Church,  Newark,  N.  J. 
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